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Dynamic Interactions

Empowering Educators and Researchers
with Interactive Quarto Documents Using
webR

James Balamuta
Remote Talk @ posit::conf(2023) @059
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Before we begin, thank you
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| J.J., Carlos, Charles,
Source | JooYoung Seo Christophe, & Yihui


https://gws.phd/
https://github.com/lionel-
https://navendu.me/images/non-code-contributions-to-open-source/pencils-banner.jpeg
https://ischool.illinois.edu/people/jooyoung-seo
https://eeholmes.github.io/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://rud.is/
https://navendu.me/images/non-code-contributions-to-open-source/pencils-banner.jpeg

@ of R Environment Setup (i.c. @&)

- Breakthrough Technology . (i.e. Quarto, WASM, webR)
- Elevating Education ¥ (i.e. From Static to Dynamic)
- Fueling Research # (i.e. Reproducibility at Last?)

- Unlocking New Possibilities .. (i.e. The Future)



STATISTICS

R Environment Setup

STAT 385 Statistics Programming Methods credit: 3 Hours.

Statisticians must be savvy in programming methods useful to the wide variety of analysis that they will be
expected to perform. This course provides the foundation for writing and packaging statistical algorithms
through the creation of functions and object oriented programming. Fundamental programming techniques
and considerations will be emphasized. Students will also create dynamic reports that encapsulate their
implemented algorithms. Students must have access to a computer on which they can install software.
Prerequisite: STAT 200 or STAT 212.

http://catalog.illinois.edu/courses-of-instruction/stat/

Google

Sign in to your Chromebook
with your Google Account e



http://catalog.illinois.edu/courses-of-instruction/stat/

Day O

3 Step Environment Re-Creation
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Install RStudio

®  ® @ Home-Rstudio * \
< C @ Secure | https://www.rstudio.com
G
@ studio
ORACLE

.
<

RStudio

RStudio makes R easier to use. It
includes a code editor,
debugging & visualization tools.

@ Learn More

ducts Resources

®  © Download RStudio - RStudio  x

C | @ secure |

Pricing About Us Blogs Q

Guest

@ studio

Choose Your Version of RStudio

Products ~ Resources  Pricing  AboutUs  Blogs Q

RStudio is a set of integrated tools designed to help you be more productive with R. It includes a console,
syntax-highlighting editor that supports direct code execution, and a variety of robust tools for plotting,

viewing history, debugging and managing your workspace. Learn M

RStudio

ktop

Open Source License

Integrated
Tools for R

Priority
Support

Access via
Web Browser

®
<

about RStudio features.

®  © Download Rstudio - RStudio % Guest
C' | @ Secure| i A
@Studid Products  Resources  Pricing  AboutUs  Blogs  Q

RStudio Desktop 1.1.456 — Release Notes

RStudio requires R3.0.1+. If you don't already have R, download it here.

Linux users may need to import RStudio’s public code-signing key prior to installation, depending on the operating system's security
policy.

Installers for Supported Platforms

Installers Size Date MDS

RStudio 1.1.45 Vista/7/8/10 858MB  201807-19 24ca3fe0dad8187aabd4bfbb9dc2bSad

Windo

0S X 10.6+ (64-bit) 745MB  201807-19  4£c4£4£70845b142b£96dc1a5blde556

RStudio 11456

RStudio 1.1.456 - Ubuntu 12.04-15.10/Debian 8 (32-bit) 893MB  201807-19  3493£9d5839e3a3d697£40b7bblce9d6l

RStudio 1.1.456 - Ubuntu 12.04-15.10/Debian 8 (64-bit) 974MB 20180719  863ae806120358fa0146e4d14cd75bed
RStudio 1.1.456 - Ubuntu 16.04+/Debian 9+ (64-it) 649MB 20180719  d96e63548c2add890bac633bdb8B3£32
RStudio 1.1.456 - Fedora 19+/RedHat T+/openSUSE 13.1+ (32-it) 881MB 20180719  1df56c7cd80e2634£8a9fdd11calfb2d
RStudio 1.1.456 - Fedora 19+/RedHat 7+/openSUSE 13.1+ (64-bit) 906MB 20180719  5e77094a88£dbdddddb0d35708752462
Zip/Tarballs

Zip/tar archives Size Date MD5

RStudio 1.1.456 - Windows Vista/7/8/10 1229M8 20180719 659d6bfe716d8coTache501270d89fa3

90 MB 63117c159deca4d01221a8069bd45373

10/Debian

15.10/Debian 983MB  2018-07-19 c53c32a71a400c6571e36c573£83)
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Need Developer Tools?

Installing Rtools43

Rtools43 is only needed for installation of R packages from source or building R from source. R can be installed from
the R binary installer and by default will install binary versions of CRAN packages, which does not require Rtools43.

Moreover, online build services are available to check and build R packages for Windows, for which again one does
not need to install Rtools43 locally. The Winbuilder check service uses identical setup as the CRAN incomming
packages checks and has already all CRAN and Bioconductor packages pre-installed.

Rtools43 may be installed from the (gtools43 installeb It is recommended to use the defaults, including the default
installation location of ¢:\rtools43.

Unofficial Tools for building R packages on macOS Community-
tment of unoffi cOS specific R toolchain project run installer
X 4 follower & https://mac.thecoatlessprofessor.c.. YW @axiomsofxyz ¢ https://github.com/coatless effort

Public archive

Public archive




here's the App Store?

Not a simplified 1-Click Install

a 5:10 PM >

¥ Play Store Q (N

6:02PM [ B

ponies X K« ﬁ ponies

ponies

Apps

! MY LITTLE PONY

T
028
g @ ¥ e o e ¥

Ponies: A Tor.Com Original

- Install
NERODICS @ Pony Princess H o
Play Picks Add to wishlist
- % % H
Movies [ 9 MORE |
% A Pony Tale
Dungeon Tiki Monkeys TowerMadne ‘PONY
Keeper s52 m —
Pony Express
Fun With Physics
ntific Gaming $3.99
Books [ 100 MORE |

e Magic Ponies; A New Friend: A Ne



Day 1 - Class

@ How do we install R and RStudio?
\




Day T - Reimagined

3 Steps to Explore Data

1 . Login netid@illinois.edu

= STAT x85: Learning from Data Members Info

Al Projects

Day 1 - Example fii] Delete % Move

2. Select Project "~

= STAT X85: Learning From Data / Day 1 - Example

File = Edit = Code - View  Plots = Session Build Debug Profile - Tools Help
Q .- Go to file/function ~ Addins ~
@] 01-intro-graph.R =0

SourceonSave = (A /°~ FRun | o9 Source ~

#### Overview ----

# View RStudio Cloud Overview:

#### Required extensions ----

[ ]
I 8 # Install packages or extensions to R language found on CRAN
9 # Uncomment to run the command by deleting the “# before it.
o L 10

11 # install.packages("ggplot2")
12

13 # Enable the package by loading
14 library("ggplot2")

1~
2

3

4 # https://github.com/stat385uiuc/rstudio-cloud-intro/raw/master/@1-rstudio-cloud-:
5

6~

7

115}

16~ #### Example Graphs ----

7:1 E3 Required extensions * R Script *
Console  Terminal Jobs -

/cloud/project/

R version 3.6.0 (2019-04-26) -- "Planting of a Tree"
Copyright (C) 2019 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 'q()' to quit R.

> |

Environment History Connections

=2 H

#* Import Dataset ~ 9’

"} Global Environment ~

Files

Environment is empty

Plots Packages Help Viewer

© | New Folder & | Upload @ Delete «|Rename = {3 More ~
@B Cloud ~ project

A Name

t.

=)
=)
=)

o

.Rhistory

01-intro-graph.R
02-interactive-heatmap-ny-accidents.R
03-class-profile-graphs.R

figures

gadm36_USA_2_sp.rds

project.Rproj

stat385-sp2019-dayl.csv

Size Modified

558

9718
2.5KB
2.2 KB

13.3 MB
2058
9.9 KB

James Balamuta

R3.6.0 ~

List ~

=0

=0



Day T - Reimagined

3 Steps to Explore Data

1. Or use a badge!

)

)Studio Cloud EXAMPLE

netid@illinois.edu

art exploring

STAT X85: Learning From Data / Day 1 - Example

File Edit  Code View Plots Session Build Debug Profile  Tools Help

O .- = Go to file/function - Addins ~

®7 01-intro-graph.R |
Source on Save = O /- “Run %% 4 Source ~

v #### Overview ----

# View RStudio Cloud Overview:

# https://github.com/stat385uiuc/rstudio-cloud-intro/raw/master/@1-rstudio-cloud-:

1

2

3

4

5

6~ #### Required extensions ----

7

8 # Install packages or extensions to R language found on CRAN
9 # Uncomment to run the command by deleting the “#° before it.
0

11 # install.packages("ggplot2™)

12

13 # Enable the package by loading

14 library("ggplot2")
15

16~ #### Example Graphs -
7:1 3 Required extensions *

R Script ¢

Console  Terminal Jobs

=0

/cloud/project/

R version 3.6.0 (2019-04-26) -- "Planting of a Tree"
Copyright (C) 2019 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 'qQ)' to quit R.

> |

History C

" “* Import Dataset ~ y

"} Global Environment ~

Environment is empty

Files Plots Packages Help Viewer
© | New Folder & | Upload € Delete | Rename {3k More ~
@B Cloud = project
4 Name Size Modified
t.
] .Rhistory 55B
© 01-intro-graph.R 9718B
© 02-interactive-heatmap-ny-accidents.R 2.5 KB
©7 03-class-profile-graphs.R 2.2 KB
[ figures
3] gadm36_USA_2_sp.rds 13.3 MB
R project.Rproj 205 B
stat385-sp2019-dayl.csv 9.9 KB

James Balamuta

R3.6.0 ~

List ~

=0

=0



Reimagining Exploration

2 Steps to Explore Data

1. Or use a link!

2. Start exploring!

quarto-webr

Getting Started v

Your first webR-powered
Quarto document

Customization Options
Using R Packages

Hiding and Executing
Code

Support v
Troubleshooting
FAQ

Submit an issue

Demos ~
README Example

Exploring Interactive
Code Cells

Community Examples

Greetings from quarto-webr
Wonderland!

Empowering Your Quarto Documents with R through webR

WEBR STATUS
@ Ready!

Welcome to the documentation portal for the gquarto-webr extension - your
key to unlocking the endless possibilities of webR within various Quarto
formats, including HTML, Websites, and Books.

Ready for an exciting journey into the world of webR’s interactive code cells?
Click the “Run Code” button below to experience it firsthand:

P Run Code

1 # Fit a linear model
model = lm(mpg ~ wt, data = mtcars)

2
3
4 # Obtain a summary
5 summary(model)



* Breakthrough Technology *

b=

L

WEBASSEMBLY




Unify and extends the R
Markdown ecosystem

Switch formats without hassle

HTML Document Website

® analysis.qmd _quarto.yml

title: "Analyzing Data" ject: |
format: html type: website

- analysis.qmd



https://github.com/mine-cetinkaya-rundel/hello-quarto/blob/main/images/1-share/rmd_ecosystem.png

MWEBASSEMBLY

Run applications “in-browser” at near native speed

Compute Server Web Server
Run Application Serve File

KXY
R e
-

e.g. Posit Workbench e.g. GitHub Pages, Netlify




R running in your Web Browser

JavaScript

loop-list.R @ webr-loop-list.js

my list = list(1, 4, "abc") import { WebR } from 'https://webr.r-wasm.org/v0.2.1/webr.mjs"';

for (1 in my_1list) {
print(i)

globalThis.webR = new WebR();

¥ await globalThis.webR.init();

const my_list = await globalThis.webR.evalR(
I-l.-l_S-t(]., 4, ||abC||)|
);

for (const 1 of my_list) {
const out = await i.toJs();
console.log(out);

}




Jnification & netlify

1Y
GitHub Pages K14 Quarto Pub

¢ | demo-webr.gmd
_ = webR in Quarto HTML Docum: X +
. . Render on Save =, O | ==} Render 2% C| = Run ~
Source | Visual Outline . .
anbh. C | @ coatless.github.io
1- --- L 4
2 title: webR-in-Quarto-HTML Documents
B format: -htnl webR in Quarto HTML Documents
4  engine: -knitr
Z f“t:;;; WEBR STATUS
N ___ @ Ready!
8
9 This is-a-webr-enabled-code-cell-in-a-Quarto-HTML -document. This is a webr-enabled code cell in a Quarto HTML document.
10
11 -] ° " " {webr-r} =z )
12 |fit = lm(mpg ~ wt, -data = mtcars Run code
13 |summary(fit .
14 - 1 fit = lm(mpg ~ wt, data = mtcars)

2  summary(fit)

Call:
Im(formula = mpg ~ wt, data = mtcars)

Residuals:

Min 1Q Median 3Q Max
-4,5432 -2.3647 -0.1252 1.4096 6.8727

q u a rtO_We br CoeffiCienICSI:Es'cimate Std. Error t value Pr(>|t])

(Intercept) 37.2851 1.8776 19.858 < 2e-16 x*xk
wt -5.3445 0.5591 -9.559 1.29e-10 *x**
Signif. codes: @ ‘skx’ 0.001 ‘xx’ 0.01 ‘x’ 0.05 ‘.’ 0.1 ‘ ' 1

Residual standard error: 3.046 on 30 degrees of freedom
Multiple R-squared: 0.7528, Adjusted R-squared: 0.7446
F-statistic: 91.38 on 1 and 30 DF, p-value: 1.294e-10

T —————————




quarto-webr Extension

In Action

quarto-webr-demo.gmd — | ] Files Plots Packages Help Viewer Presentation —i=
RenderonSave ', O Render ~¥) -9Run~ = O " Edit ‘s, Publish ~
Source  Visual Outline

- WebR in Quarto HTML Documents

2 title: WebR in Quarto HTML Documents
3 format: html

; ﬁ}t::;,:. This is a webr-enabled code cell in a Quarto HTML document.
64 —--

; This is a webr-enabled code cell in a Quarto HTML document. Run

lgv ** " {webr} N 1 +1

11 1+1

124 *°



Install quarto-webr Extension

Navigate to the Terminal tab in lower left side of RStudio

/

Console Background Jobs o ]
Terminal 1 ~ ronin@Ronin-2:~/webr-demo

quarto add coatless/quarto-webr

\

Type the install command and press enter.



Making a Document Dynamic

Four Steps to Convert a Document

® webr-cell.gmd

title: Sample HTML Document
format: html

1. Add engine: knitr ?;%igi;:k““"
2. Add the webr Filter ~ webr

3. Use {webr-r} instead of {r}

4. Render the document! " {webr-r}

fit = lm(mpg ~ am, data = mtcars)
Render summary(fit)




Customize Document

Modifying webR and Native Extension Features

webr-option-demo.gmd

WEBR STATUS WEBR STATUS

webr:

show-startup-message: false Loading... 6 Ready!
show-header-message: false

packages: ['ggplot2', 'dplyr'] WEBR STATUS

home-dir: "/home/rstudio"

channel-type: "post-message"
filters:

- webr

 Installing package dependencies...

Learn more on the Customization Options page



https://quarto-webr.thecoatlessprofessor.com/webr-meta-options.html

Cell Option context

quarto-webr's [nternal Cell

interactive

plot.new()
plot.window(

xlim = c(-1, 1),

ylim = c(-1, 1), asp = 1)
title(main = "Not Kansas Anymore'")
x=c(-1, 1, 1, -1)
y=c(1, 1, -1, -1)
polygon(x, y, col = "orange")

vl = c(1, 2, 3, 4)
v2 = c(2, 3, 4, 1)
for(i in 1:50) {

X = 0.9 x x[vl] + 0.1 % x[v2]

y = 0.9 x y[vl] + 0.1 *x y[v2]

polygon(x, y, col = "orange")
b

output

Not Kansas Anymore

setup

Purposely left empty


https://quarto-webr.thecoatlessprofessor.com/webr-internal-cell.html

Flevating Education

Ready to Go Exercises
Wh at If - For example, try changing the color from blue to orange and run the code again.

Run code
1 plot(
2 mpg ~ wt,
3 data = mtcars,
4 col = "blue",
5 xlab = "Miles/(US) gallon",
6 ylab = "Weight (1000 1lbs)",
7 main = "Miles per Gallon and Weight of Cars",
8 sub = "Source: 1974 Motor Trend US magazine."
9 )

Fill-in-the-Blank ...

Fill in the blank to create an expression that adds up to 42.

Run code

1 35 +

Works anywhere ...




L IMItS

. Internet connectivity is @\‘
required at the start

NI
- Not all packages are available.

- Not a replacement for
RStudio/VS Code.



| earning Analytics

Understand Student Behavior Like Never Before

® _quarto.yml

website:

google-analytics: "UA-XXXXXXXX"

Website Tools

Works with Books too!

HTML books are at their core Quarto Websites with some special

navigational behavior built in. This means that all of the features

described for enhancing websites are also available for books, including:

e Navbars
e Social Metadata
e Full Text Search

( ¢ Google Analytics )

J Google Analytics

| Analytics | Events: Event nam: X +

@ analytics.google.com,

All accounts > Coatless Inc

. Analytics  Tcp - Quarto WebR GA4 ~ Q  Try searching "link with Ads" "
A Reporisenapshot © #ivsers { add comparison + Custom Sep 17 - Sep 19,2023 ~
Realtime
Events: Event name @ - <~ 7
Business objectives L —
Add filter +

~ Examine user behavior

@ Overview
Event count by Event name over time Event count by Event name
Events
400
Conversions
page_view
Pages and screens
300
scroll
User ~
user_engageme
» User Attributes 200 nt
b U session_start
100
first_visit
0
17 18 19
Sep 0 100 200 300
@ page_view @ scroll @ user_engagement @ session_start @ first_visit
Q Search. Rows per page: 10 ¥ 170f 7
Event name + ¥ Event count Total users Event count per user Total revenue
953 n7 9.08 $0.00
100% of total 100% of total Avg 0%
1 page_view 273 108 3.69 $0.00
2 scroll 228 104 2.53 $0.00
3 user_engagement 205 86 2.38 $0.00
4 session_start 120 104 2.31 $0.00
5 first visit 102 102 227 $0.00
6 click 23 19 1.21 $0.00
03 Librar
v 7 view_search_results 2 2 2.00 $0.00
e Q

-rom Extension Website Launch



https://quarto.org/docs/websites/website-tools.html#google-analytics
https://quarto.org/docs/books/book-output.html

Student Data Says

Spent an average of 1.5x
longer on a dynamic
document.

Code cells where
outcomes were not clear
were explored more
often.

Described as ‘'modern’
instead of “old-fashioned”



- |t can be customized and distributed.

Fueling Research #

- webR has the potential to be an easier
distribution method than Docker.

- R-universe preloads packages with
Inside their version.

- R-only packages or scripts work great.

- Have compiled code?

+ Sit tight for more detailed
instructions. source

- Stan is unlikely to be available in
webR.


https://r-universe.dev/search/
https://www.npmjs.com/package/@r-universe/webr
https://docs.r-wasm.org/webr/latest/packages.html#building-r-packages-for-webr
https://docs.r-wasm.org/webr/latest/packages.html#building-r-packages-for-webr
https://leverageedublog.s3.ap-south-1.amazonaws.com/blog/wp-content/uploads/2020/08/11195303/research-project.jpg

Unlocking New Possibilities

+ Further work (#14) is .
required for revealjs [ ] reveal

- Upstream pandoc bug
and responsive issues.

- Improve the interface

mplementing a Quarto

-xtension for Pyodide to plYﬂODIDE

oring Python into the mix.



https://github.com/coatless/quarto-webr/issues/14
https://github.com/jgm/pandoc/issues/8880
https://pyodide.org/en/stable/

quarto-pyodide Demo

@ Pyodide with Quarto HTML St X -

@ localhost:6530/pyodide-demo.html#define-and-call-functions

Pyodide with Quarto HTML Standalone ble of contents
Document Proof of Concept Demo

Experiments with an Interactive Quarto Document using Pyodide v0.24.3 ‘ Background
Setup

AUTHOR Sample Calculations

JJB Strings
Retrieving prior objects

Define and Call Functions

DemO Load a package

Background

The purpose of this document is to explore the pyodide WebAssembly interface to
power interactive Quarto documents.

Setup

Sample Calculations

Let's start off with a quick calculation

Run code

11+ 1




Want to learn more?

- quarto-webr Extension

- Extension Website & GitHub

+ webR Project

- Documentation & GitHub

- Community

- boB Rudis webR
Experiments

Extension Website

- Awesome List: webR



http://quarto-webr.thecoatlessprofessor.com/
http://quarto-webr.thecoatlessprofessor.com/
https://docs.r-wasm.org/webr/latest/
https://github.com/r-wasm/webr/
https://rud.is/webr-experiments/
https://rud.is/webr-experiments/
https://github.com/nanxstats/awesome-webr
http://quarto-webr.thecoatlessprofessor.com/

Thank you! Questions?

Contact Info

. ) @coatless

- (@coatless@mastodon.social

+ ¢ thecoatlessprofessor.com

- [ linkedin.com/in/jamesbalamuta/

- W @axiomsofxyz



