
Reproducible Workflows
for Better Science and Efficient Collaboration

Francisco Rodriguez-Sanchez

@frod_san

https://frodriguezsanchez.net

https://frodriguezsanchez.net


The Reproducibility Crisis
Revolution

2



Reproducibility Project: Cancer Biology

• Goal: Replicate 193 experiments from 53 papers

• Finally: 50 experiments from 23 papers

• ~Half didn’t replicate (much smaller effect sizes)

• No paper reported all required data

• Impossible to repeat experiments w/o contacting authors

• 1/3 authors didn’t respond or help

Errington et al 2021
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Most scientific articles

are NOT reproducible
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The reproducibility crisis

Baker 2016

::: 6

https://doi.org/10.1038/533452a


Reproducibility

CRISIS

REVOLUTION
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Reproducibility vs Replicability

The Turing Way
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https://the-turing-way.netlify.app/welcome


We can’t guarantee that

our results are replicable.

But at least

they should be reproducible.
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Most scientific articles

are NOT reproducible
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1/2 articles: inconsistencies in p-values

1/8 articles: grossly inconsistent p-values

(affecting conclusions -> significance)
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In ecology

< 20% articles are reproducible
Culina et al 2020
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https://doi.org/10.1371/journal.pbio.3000763


We can’t even reproduce our own work

Data/Code lost or unusable
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What’s a reproducible article?

A scientific article is reproducible if there is computer code that can regenerate
all results and figures from the original data
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A scientific article is advertising, not scholarship.

The actual scholarship is the full software environment,

code and data, that produced the result.

Claerbout & Karrenback 1992
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https://doi.org/10.1190/1.1822162


Are we sharing the data?
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Are we sharing data?

Roche et al. 2015

18

https://doi.org/10.1371/journal.pbio.1002295


Are we sharing data?

Culina et al. 2020
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https://doi.org/10.1371/journal.pbio.3000763


Are we sharing data?

Quickly getting better

Campbell et al. 2019
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https://doi.org/10.1016/j.tree.2018.11.010


Are we sharing the code?
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Code exists but rarely shared

Culina et al. 2020
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https://doi.org/10.1371/journal.pbio.3000763


WHY?
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Poor incentives

O’Dea et al 2021
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https://doi.org/10.1186/s12915-021-01006-3


Doing reproducible research can be costly
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Must value diverse contributions to reproducible research

Pierce et al 2019
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https://doi.org/10.1038/d41586-019-01715-4


Let’s knock down psychological barriers

Barnes 2010

• Improve training

• Avoid shaming -> constructive critique

• Ugly code better than no code
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https://doi.org/10.1038/467753a


Why doing reproducible
research?
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Reproducibility: good for you,
good for everyone
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Automation (good code) saves time
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Code = fully traceable, reproducible analysis

Code advantages:

• Easier writing

• Easier, deeper review

• Reusable
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Transparency prevents bad practices

p-hacking, HARKing, data fabrication…
Fraser et al 2018 32

https://doi.org/10.1371/journal.pone.0200303


Transparency avoids unnecessary disputes
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Transparency brings better science
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Many journals (and funders) value/require reproducibility
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Many journals value reproducibility

’Papers with exemplary data and code archiving

are more valuable for future research and […]

will be given higher priority for publication’

(Molecular Ecology)
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Higher impact: cites, reuse, reputation

Colavizza et al 2020
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https://doi.org/10.1371/journal.pone.0230416


Let’s stop losing data & code

Vines et al 2014
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https://doi.org/10.1016/j.cub.2013.11.014


Open data & code enable synthesis

Wolkovich et al 2012
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https://doi.org/10.1111/j.1365-2486.2012.02693.x


Open data & code enable synthesis

Wolkovich et al 2012
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https://doi.org/10.1111/j.1365-2486.2012.02693.x


Reproducible workflows facilitate collaboration

and make everyone happier

41



How to do reproducible research
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Reproducibility is a gradient

Rodríguez-Sánchez et al. 2016 (modif. Peng 2011)
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https://www.revistaecosistemas.net/index.php/ecosistemas/article/view/1178
https://doi.org/10.1126/science.1213847


Basic reproducibility
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Basic reproducibility

• MANUSCRIPT (Text + Tables + Figures)

• DATA in permanent archive (see Tierney & Ram 2020)

• CODE in permanent archive (see Eglen et al 2016)

Permanent archive:

• Zenodo, Dryad, OSF, Figshare, Data Paper…

• NOT GitHub, website…

45

https://arxiv.org/abs/2002.11626
https://doi.org/10.1038/nn.4550


How to share data

• Open format (csv, txt)

• README (who, what, when, where, why, how)

• Describe variables

• Licence (CC0, CC-BY, ODbL)

• Citation (DOI)

• Metadata standardised (JSON, XML)

Tierney & Ram 2020
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https://arxiv.org/abs/2002.11626


How to share code

• Scripts: plain text (.R)

• Permanent archive (eg. Zenodo) with DOI (citable)

• Licence

• README

Eglen et al 2016
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https://www.software.ac.uk/resources/guides/adopting-open-source-licence
https://doi.org/10.1038/nn.4550


Basic reproducibility

DATA + CODE

• analysis fully traceable

• results can be regenerated
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Version control
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Version control with git

R. Fitzjohn
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https://github.com/richfitz/reproducibility-2014


Much to learn from software engineering

Ram 2013
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https://doi.org/10.1186/1751-0473-8-7


Automatic checks with Continuous Integration

53



Structuring projects
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One Project = One Folder

myproject
|
|- data
|
|- code
|
|- output (figures etc)
|
|- manuscript
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Project-Oriented Workflow: advantages

• Self-contained

• Easy to navigate (file paths)

• Easy to share
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Rstudio projects
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Avoid saving workspace

https://rstats.wtf
58

https://rstats.wtf


Use here for file paths

59



fertile package: real-time feedback on reproducibility

library('fertile')

setwd(”C:/Users/FRS”)

Error: setwd() is likely to break reproducibility. Use here::here() instead.

https://github.com/baumer-lab/fertile
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https://github.com/baumer-lab/fertile


Structuring projects: guidelines

61



Guidelines for structuring projects

• All files in same directory

• Raw data separate from clean data

• Modular code (functions)

• Output disposable & separate from code

• makefile runs analyses in appropriate order

• Software dependencies under control

• README

• License

Noble 2009, Rodriguez-Sanchez et al 2016, Wilson et al 2017
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https://doi.org/10.1371/journal.pcbi.1000424
https://www.revistaecosistemas.net/index.php/ecosistemas/article/view/1178
https://doi.org/10.1371/journal.pcbi.1005510


Guidelines for structuring projects

• All files in same directory

• Raw data separate from clean data

• Modular code (functions)

• Output disposable & separate from code

• makefile runs analyses in appropriate order

• Software dependencies under control

• README

• License

Noble 2009, Rodriguez-Sanchez et al 2016, Wilson et al 2017

62

https://doi.org/10.1371/journal.pcbi.1000424
https://www.revistaecosistemas.net/index.php/ecosistemas/article/view/1178
https://doi.org/10.1371/journal.pcbi.1005510


Guidelines for structuring projects

• All files in same directory

• Raw data separate from clean data

• Modular code (functions)

• Output disposable & separate from code

• makefile runs analyses in appropriate order

• Software dependencies under control

• README

• License

Noble 2009, Rodriguez-Sanchez et al 2016, Wilson et al 2017

62

https://doi.org/10.1371/journal.pcbi.1000424
https://www.revistaecosistemas.net/index.php/ecosistemas/article/view/1178
https://doi.org/10.1371/journal.pcbi.1005510


Guidelines for structuring projects

• All files in same directory

• Raw data separate from clean data

• Modular code (functions)

• Output disposable & separate from code

• makefile runs analyses in appropriate order

• Software dependencies under control

• README

• License

Noble 2009, Rodriguez-Sanchez et al 2016, Wilson et al 2017

62

https://doi.org/10.1371/journal.pcbi.1000424
https://www.revistaecosistemas.net/index.php/ecosistemas/article/view/1178
https://doi.org/10.1371/journal.pcbi.1005510


Guidelines for structuring projects

• All files in same directory

• Raw data separate from clean data

• Modular code (functions)

• Output disposable & separate from code

• makefile runs analyses in appropriate order

• Software dependencies under control

• README

• License

Noble 2009, Rodriguez-Sanchez et al 2016, Wilson et al 2017

62

https://doi.org/10.1371/journal.pcbi.1000424
https://www.revistaecosistemas.net/index.php/ecosistemas/article/view/1178
https://doi.org/10.1371/journal.pcbi.1005510


Guidelines for structuring projects

• All files in same directory

• Raw data separate from clean data

• Modular code (functions)

• Output disposable & separate from code

• makefile runs analyses in appropriate order

• Software dependencies under control

• README

• License

Noble 2009, Rodriguez-Sanchez et al 2016, Wilson et al 2017

62

https://doi.org/10.1371/journal.pcbi.1000424
https://www.revistaecosistemas.net/index.php/ecosistemas/article/view/1178
https://doi.org/10.1371/journal.pcbi.1005510


Guidelines for structuring projects

• All files in same directory

• Raw data separate from clean data

• Modular code (functions)

• Output disposable & separate from code

• makefile runs analyses in appropriate order

• Software dependencies under control

• README

• License

Noble 2009, Rodriguez-Sanchez et al 2016, Wilson et al 2017

62

https://doi.org/10.1371/journal.pcbi.1000424
https://www.revistaecosistemas.net/index.php/ecosistemas/article/view/1178
https://doi.org/10.1371/journal.pcbi.1005510


Guidelines for structuring projects

• All files in same directory

• Raw data separate from clean data

• Modular code (functions)

• Output disposable & separate from code

• makefile runs analyses in appropriate order

• Software dependencies under control

• README

• License

Noble 2009, Rodriguez-Sanchez et al 2016, Wilson et al 2017

62

https://doi.org/10.1371/journal.pcbi.1000424
https://www.revistaecosistemas.net/index.php/ecosistemas/article/view/1178
https://doi.org/10.1371/journal.pcbi.1005510


Project organisation example

myproject

- data
- data-raw
- data-clean

- code

- output (figures etc)

- manuscript

- README
- License
- Makefile

63



README file

• What

• Who

• How

• Licence

• Citation

• etc

64



Document your data

https://docs.ropensci.org/dataspice/

library(”dataspice”)
create_spice() # create CSV templates for metadata

edit_creators() # open Shiny apps to edit the CSVs
prep_access()
edit_access()
prep_attributes()
edit_attributes()
edit_biblio()

write_spice() # write machine-readable metadata

build_site() # build human-readable metadata report

65

https://docs.ropensci.org/dataspice/


Write modular code

Break up scripts

prepare_data.R

run_analysis.R

make_figures.R

(and makefile will run them in the right order)

66



makefile runs code in appropriate order

makefile.R

source(”prepare_data.R”)

source(”run_analysis.R”)

source(”make_figures.R”)

67



Don’t Repeat Yourself (DRY)

dataset %>%
filter(species == ”Laurus nobilis”) %>%
ggplot() +
geom_point(aes(x, y))

dataset %>%
filter(species == ”Laurus azorica”) %>%
ggplot() +
geom_point(aes(x, y))

68



Don’t Repeat Yourself

Write functions (documented + tested)

plot_species <- function(sp, data) {
data %>%
filter(species == sp) %>%
ggplot() +
geom_point(aes(x, y))

}

69



Don’t Repeat Yourself

Use functions

plot_species(sp = ”Laurus nobilis”, dataset)

plot_species(sp = ”Laurus azorica”, dataset)
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Don’t Repeat Yourself

Use for loops

for (i in species) {
plot_species(sp = i, dataset)

}
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Don’t Repeat Yourself

Good ol’ lapply

lapply(species, plot_species, data = dataset)
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Don’t Repeat Yourself

library(”purrr”)

map(species, plot_species, data = dataset)
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Comment your code

Why rather than What

## Response is not linear, so fit gam rather than lm

model.height <- gam(height ~ s(diameter), data = trees)
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Use meaningful names for objects

m1 <- lm(height ~ diameter, data = trees)
m2 <- gam(height ~ s(diameter), data = trees)

model.linear <- lm(height ~ diameter, data = trees)
model.gam <- gam(height ~ s(diameter), data = trees)
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Use meaningful names for objects

m1 <- lm(height ~ diameter, data = trees)
m2 <- gam(height ~ s(diameter), data = trees)

model.linear <- lm(height ~ diameter, data = trees)
model.gam <- gam(height ~ s(diameter), data = trees)
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Project templates

76



Automatic project creation with template

library('template')

new_project(”mynewproj”,
package = FALSE)

77



template: New projects also on GitHub

new_project(”mynewproj”,
package = FALSE,
github = TRUE)

78



workflowr:
reproducible projects with
website

79



wflow_start creates project scaffolding

library('workflowr')

wflow_start(”newproject”)

80



wflow_open starts new analysis

wflow_open(”analysis/first-analysis.Rmd”)

81



wflow_build runs analyses and generates website

wflow_build()

82



wflow_publish commits changes & updates everything

wflow_publish(c(”analysis/first-analysis.Rmd”,
”analysis/index.Rmd”,
”analysis/about.Rmd”,
”analysis/license.Rmd”),

message = ”Publish initial analyses”)

83



Connect with GitHub/GitLab and deploy website

wflow_use_github(”Pakillo”)

wflow_git_push()

84



Research compendia: projects as
packages

85



Projects as packages

• Standard structure

• Promotes modular code, documented and tested

• Easy to share and run

• Automatic checks (Continuous Integration)

• Automatic code review (goodpractice)

• Easily create website with pkgdown

Rodríguez-Sánchez et al. 2016, Marwick et al 2018, but see McBain 2020

86

https://www.revistaecosistemas.net/index.php/ecosistemas/article/view/1178
https://doi.org/10.1080/00031305.2017.1375986
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Creating package structure with template

library('template')

new_project(”myproject”,
package = TRUE)

87



rrtools

88



rrtools creates research compendia

library(”rrtools”)

use_compendium(”~/myproject/”)

Rstudio addin: https://github.com/nevrome/rrtools.addin

89

https://github.com/nevrome/rrtools.addin


rrtools: project structure

- README
- LICENSE
- DESCRIPTION
- travis.yml
- Dockerfile
- analysis/
|
|- paper/

|- paper.Rmd
|- references.bib

|
|- figures/
|
|- data/

|- raw_data/
|- derived_data/

90



rcompendium

91



rcompendium creates new project with all scaffolding

library('rcompendium')

new_compendium()

• R package structure

• GitHub repository

• Automatic testing & website update

92



Continuous Integration (GitHub Actions, GitLab CI…)

Automatic testing with every commit!

93



Minimalistic compendium

https://github.com/cboettig/compendium

• DESCRIPTION (dependencies)

• Manuscript (Rmd)

• GitHub Actions

94

https://github.com/cboettig/compendium


Data management
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Data management

See https://dataoneorg.github.io/Education/bestpractices/

.

1. Planification (e.g. DMPTool)

2. Collection

3. Metadata description (dataspice, EML, Data Packages, DataPackageR)

4. Quality control (e.g. assertr, validate, pointblank)

5. Storage

96

https://dataoneorg.github.io/Education/bestpractices/
https://doi.org/10.1371/journal.pcbi.1004525
https://dmptool.org/
https://dataoneorg.github.io/Education/bp_step/describe/
https://docs.ropensci.org/dataspice/
https://docs.ropensci.org/EML
http://frictionlessdata.io/
https://docs.ropensci.org/DataPackageR/
https://github.com/ropensci/assertr
https://github.com/data-cleaning/validate
https://github.com/rich-iannone/pointblank
https://doi.org/10.1371/journal.pcbi.1005097


Document your data

https://docs.ropensci.org/dataspice/

library(”dataspice”)
create_spice() # create CSV templates for metadata

edit_creators() # open Shiny apps to edit the CSVs
prep_access()
edit_access()
prep_attributes()
edit_attributes()
edit_biblio()

write_spice() # write machine-readable metadata

build_site() # build human-readable metadata report

97

https://docs.ropensci.org/dataspice/


Check data before analysis

library(”assertr”)

dataset %>%
assert(within_bounds(0, 0.20), fruit.weight) %>%
assert(in_set(”black”, ”red”), colour)

Check out also pointblank

98

https://rich-iannone.github.io/pointblank/index.html


Storage

http://science.sciencemag.org/content/354/6317/1242.1
99

http://science.sciencemag.org/content/354/6317/1242.1


Storage

Use the cloud: safe, persistent, easy to share

• Open Science Framework

• GitHub

• Dropbox

• Figshare, Zenodo, etc

• See all data repositories in www.re3data.org

100

https://osf.io/


Tidy data

101



Tidy data

http://r4ds.had.co.nz/tidy.html
102

http://r4ds.had.co.nz/tidy.html


Be careful with data entry and management in Excel!

103



Spreadsheet good practices

• Put variables in columns (things you are measuring: height, weight, sex)

• Each observation in one row (e.g. individuals).

• Avoid spaces, numbers, and special characters in column names.

• Always write zero values, to distinguish from blank/missing data.

• Use blank/empty cells, or NA, for missing data.

• Input dates as year, month, day in separate columns. Or YYYY-MM-DD as text.

• Use Data validation in Excel (or GForms) to constrain data entry to accepted values.

• Don’t combine multiple pieces of information in one cell.

• Don’t touch raw data. Do all data manipulation through code.

• Export data as plain text (txt, csv).

• http://www.datacarpentry.org/spreadsheet-ecology-lesson/

• http://kbroman.org/dataorg/

• Broman & Woo: Data organization in spreadsheets

104

http://bit.ly/excel_dataval
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Common spreadsheet errors
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More than one variable per column

Source: Data Carpentry
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Multiple tables
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Multiple tabs

Could you avoid new tab by adding a column to original spreadsheet?
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Using formatting, comments, etc to convey information
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Your turn: tidy up this messy dataset

https://ndownloader.figshare.com/files/2252083
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https://ndownloader.figshare.com/files/2252083


Reproducible dynamic
documents with Rmarkdown
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A scary movie… with happy ending

https://youtu.be/s3JldKoA0zw
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https://youtu.be/s3JldKoA0zw


A typical research workflow

1. Prepare data (spreadsheet)

2. Analyse data (R)

3. Write report/paper (Word)

4. Start the email attachments
nightmare…
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This workflow is broken
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Problems of a broken workflow

• How did you do this? What analysis is behind this
figure? Did you account for …?

• What dataset was used? Which individuals were left
out? Where is the clean dataset?

• Oops, there is an error in the data. Can you repeat
the analysis? And update figures/tables in Word!
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Manual copy-paste is tedious & problematic

‘Transcribing numbers from stats software by hand was the largest source of
errors’
(Eubank 2016)
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https://doi.org/10.1017/S1049096516000196
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Your closest collaborator is you 6 months ago,

and you don’t respond to emails.
(P. Wilson)

Even you will struggle to reproduce

your own results from a few weeks/months ago.
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Writing reproducible manuscripts is hard

Revising non-reproducible manuscripts is even harder

.
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Dynamic reports

120



Rmarkdown documents

• Fully reproducible (trace all results inc. tables and plots)
• Dynamic (regenerate with 1 click)
• Multiple outputs:

• documents (HTML, Word, PDF)
• presentations (HTML, PDF, PowerPoint)
• books
• websites…
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Where does this value come from?
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Dynamic documents with Rmarkdown

Rmarkdown:

Survival in population A was `r surv.diff` % higher

Output:

Survival in population A was 30 % higher
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Dynamic documents with Rmarkdown

mydata <- read.csv(”data.txt”)

Rmarkdown:

We measured `r nrow(mydata)` individuals

Output:

We measured 100 individuals

Much better than copy-paste!

124



Rmarkdown: code (R, Python, etc) + text (Markdown)
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Code chunk options

‘‘‘{r echo=FALSE, eval=TRUE, cache=TRUE, fig.height=3}
plot(iris)
‘‘‘

https://yihui.org/knitr/options/
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https://yihui.org/knitr/options/


Code chunk options

‘‘‘{r}
#| echo = FALSE
#| eval = TRUE
#| fig.cap = ”My figure caption”
plot(iris)
‘‘‘
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Naming chunks helps debugging
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Naming chunks helps navigating long docs
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Naming chunks: figure files take chunk name
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¡Not only R! Python, Julia, C++, SQL, Stan, etc

knitr engines:

[1] ”asis” ”asy” ”awk” ”bash” ”block” ”block2”
[7] ”bslib” ”c” ”cat” ”cc” ”coffee” ”comment”

[13] ”css” ”ditaa” ”dot” ”embed” ”eviews” ”exec”
[19] ”fortran” ”fortran95” ”gawk” ”go” ”groovy” ”haskell”
[25] ”highlight” ”js” ”julia” ”lein” ”mysql” ”node”
[31] ”octave” ”perl” ”php” ”psql” ”python” ”R”
[37] ”Rcpp” ”Rscript” ”ruby” ”sas” ”sass” ”scala”
[43] ”scss” ”sed” ”sh” ”sql” ”stan” ”stata”
[49] ”targets” ”tikz” ”verbatim” ”zsh”
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Markdown: easy text formatting

# Header

## Subheader

*italic*

**bold**

[a link](https://example.com)

.

Handy: https://thinkr-open.github.io/remedy/

Or use Visual Markdown Editor
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https://thinkr-open.github.io/remedy/
https://rstudio.github.io/visual-markdown-editing/


Regenerate Word/PDF/HTML with one click
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Spotted error in the data? No problem!

• Make changes in Rmarkdown document

• Click Knit in Rstudio

• Report will update automatically!
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Why Rmarkdown?

https://community.rstudio.com/t/convince-me-to-start-using-
r-markdown/1636/12
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https://community.rstudio.com/t/convince-me-to-start-using-r-markdown/1636/12
https://community.rstudio.com/t/convince-me-to-start-using-r-markdown/1636/12


Your turn
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Create, edit and share Rmarkdown document

File > New File > Rmarkdown

Write text

Insert code chunks

Change chunk options (echo, eval, etc)

HTML/Word/PDF output

PDF generation requires LaTeX

library('tinytex')

install_tinytex()
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Rmarkdown bells and whistles
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‘Visual Rmarkdown’: Rmd as in word processor

https://rstudio.github.io/visual-markdown-editing
139

https://rstudio.github.io/visual-markdown-editing


Automatic table generation

model <- lm(happiness ~ sunshine, data = mydata)
xtable(model)

Estimate Std. Error t value Pr(>|t|)
(Intercept) -0.0652 0.4265 -0.15 0.8789
sunshine 0.0100 0.0004 23.68 0.0000

Many alternatives: gtsummary, modelsummary, huxtable, etc
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equatiomatic describes model structure

We fitted a linear model:

library('equatiomatic')
model <- lm(happiness ~ sunshine, data = mydata)
extract_eq(model)

happiness = α + β1(sunshine) + ϵ (1)
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Models that describe themselves!

library(”report”)
model <- lm(happiness ~ sunshine, data = mydata)
report(model)

We fitted a linear model (estimated using OLS) to predict happiness with sunshine (formula: happiness ~ sunshine).
The model explains a statistically significant and substantial proportion of variance (R2 = 0.85, F(1, 98) = 560.90, p <
.001, adj. R2 = 0.85). The model’s intercept, corresponding to sunshine = 0, is at -0.07 (95% CI [-0.91, 0.78], t(98) = -0.15,
p = 0.879). Within this model:

• The effect of sunshine is statistically significant and positive (beta = 0.01, 95% CI [9.18e-03, 0.01], t(98) = 23.68,
p < .001; Std. beta = 0.92, 95% CI [0.85, 1.00])

Standardized parameters were obtained by fitting the model on a standardized version of the dataset. 95%

Confidence Intervals (CIs) and p-values were computed using a Wald t-distribution approximation.
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Insert equations with LaTeX

Using LaTeX:

$$
y \sim N(\mu, \sigma^2)
$$

y ∼ N(µ, σ2)

• Mathpix: https://github.com/jonocarroll/mathpix
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https://github.com/jonocarroll/mathpix


Citing bibliography

https://rstudio.github.io/visual-markdown-editing/#/citations
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https://rstudio.github.io/visual-markdown-editing/#/citations


Using BibTeX file with references
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Format bibliography for any journal

Thousands of Citation Styles:

https://www.zotero.org/styles

https://github.com/citation-style-language/styles

146

https://www.zotero.org/styles
https://github.com/citation-style-language/styles


Rmarkdown templates

• rticles

• papaja

• rrtools

• pinp

• rmdTemplates

• pagedreport

• GitHub!
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Accessing Rmd templates
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Revise writing style: gramr

https://github.com/ropenscilabs/gramr
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https://github.com/ropenscilabs/gramr


Spell and grammar checking

https://github.com/nevrome/wellspell.addin
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https://github.com/nevrome/wellspell.addin


Find synonyms

https://github.com/gadenbuie/synamyn
151

https://github.com/gadenbuie/synamyn


Word count and readability

https://github.com/benmarwick/wordcountaddin
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https://github.com/benmarwick/wordcountaddin


Write books, theses, with bookdown

https://bookdown.org/
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https://bookdown.org/


Slide presentations with xaringan

https://slides.yihui.org/xaringan/
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https://slides.yihui.org/xaringan/


Parameterised reports

https://bookdown.org/yihui/rmarkdown/parameterized-reports.html
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https://bookdown.org/yihui/rmarkdown/parameterized-reports.html


Render thousands of individual reports from Rmd template

library('rmarkdown')

for (i in unique(penguins$species)) {

render(”template_report.Rmd”,
params = list(sp = i))

}
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Collaborative writing

• GitHub, GitLab, etc

• Google Docs (trackdown)

• redoc
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https://claudiozandonella.github.io/trackdown/
https://noamross.github.io/redoc/


Rmarkdown resources
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Rmarkdown website

http://rmarkdown.rstudio.com/
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http://rmarkdown.rstudio.com/


Rmarkdown cheat sheet

https://www.rstudio.org/links/r_markdown_cheat_sheet
160

https://www.rstudio.org/links/r_markdown_cheat_sheet


Rmarkdown reference guide

https://www.rstudio.org/links/r_markdown_reference_guide
161

https://www.rstudio.org/links/r_markdown_reference_guide


Rmarkdown books

https://bookdown.org/yihui/rmarkdown/

https://bookdown.org/yihui/rmarkdown-cookbook/
162

https://bookdown.org/yihui/rmarkdown/
https://bookdown.org/yihui/rmarkdown-cookbook/


Quarto: 2nd generation Rmarkdown

https://quarto.org/
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https://quarto.org/


Your turn
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Your turn

• Try visual markdown editor

• Add bibliography

• Try templates (rticles, rmdTemplates)

• Parameterised reports (e.g. different iris or penguin
species)
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Workflow management
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In complex projects we must keep pieces organised
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makefile runs all code in right order

makefile.R

source(”clean_data.R”)

source(”fit_model.R”)

render(”report.Rmd”)
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targets: advanced workflow management

https://docs.ropensci.org/targets/
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https://docs.ropensci.org/targets/


Your turn
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Write makefile.R for your project
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Try targets minimal example

https://github.com/wlandau/targets-minimal
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https://github.com/wlandau/targets-minimal


Controlling software
dependencies

173
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Package changes can break your analysis

How to reproduce your analysis in a year,
or different computer?
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sessionInfo records OS & used packages
sessionInfo()

R version 4.2.0 (2022-04-22)
Platform: x86_64-pc-linux-gnu (64-bit)
Running under: Ubuntu 20.04.4 LTS

Matrix products: default
BLAS: /usr/lib/x86_64-linux-gnu/blas/libblas.so.3.9.0
LAPACK: /usr/lib/x86_64-linux-gnu/lapack/liblapack.so.3.9.0

locale:
[1] LC_CTYPE=en_GB.UTF-8 LC_NUMERIC=C
[3] LC_TIME=es_ES.UTF-8 LC_COLLATE=en_GB.UTF-8
[5] LC_MONETARY=es_ES.UTF-8 LC_MESSAGES=en_GB.UTF-8
[7] LC_PAPER=es_ES.UTF-8 LC_NAME=C
[9] LC_ADDRESS=C LC_TELEPHONE=C

[11] LC_MEASUREMENT=es_ES.UTF-8 LC_IDENTIFICATION=C

attached base packages:
[1] stats graphics grDevices utils datasets methods base

other attached packages:
[1] report_0.5.5 equatiomatic_0.3.1 xtable_1.8-4 knitr_1.40

loaded via a namespace (and not attached):
[1] Rcpp_1.0.9 mvtnorm_1.1-3 lattice_0.20-45 tidyr_1.2.0
[5] zoo_1.8-10 assertthat_0.2.1 digest_0.6.29 utf8_1.2.2
[9] mime_0.12 R6_2.5.1 backports_1.4.1 evaluate_0.16

[13] coda_0.19-4 pillar_1.8.1 rlang_1.0.5 multcomp_1.4-20
[17] performance_0.9.2 rstudioapi_0.14 Matrix_1.4-1 effectsize_0.7.0.5
[21] rmarkdown_2.16 splines_4.2.0 stringr_1.4.1 shiny_1.7.2
[25] broom_1.0.1 compiler_4.2.0 httpuv_1.6.5 xfun_0.32
[29] pkgconfig_2.0.3 parameters_0.18.2 htmltools_0.5.3 insight_0.18.2
[33] tidyselect_1.1.2 tibble_3.1.8 codetools_0.2-18 fansi_1.0.3
[37] dplyr_1.0.10 later_1.3.0 MASS_7.3-56 grid_4.2.0
[41] lifecycle_1.0.1 DBI_1.1.3 magrittr_2.0.3 bayestestR_0.12.1
[45] datawizard_0.5.1 estimability_1.4.1 cli_3.3.0 stringi_1.7.8
[49] binb_0.0.6 promises_1.2.0.1 ellipsis_0.3.2 generics_0.1.3
[53] vctrs_0.4.1 sandwich_3.0-2 TH.data_1.1-1 tools_4.2.0
[57] glue_1.6.2 purrr_0.3.4 emmeans_1.8.0 fastmap_1.1.0
[61] survival_3.3-1 yaml_2.3.5
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checkpoint reconstructs packages in given date

library('checkpoint')

checkpoint(”2019-10-08”)

source(”analysis.R”)

1. Detects packages used

2. Installs version from given date (only CRAN)

3. Independent install (not messing w/ main library)
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automagic records & install packages (CRAN + GitHub)

automagic::make_deps_file()

File deps.yaml records dependencies:

- Package: equatiomatic
Repository: CRAN
Version: 0.1.0

- Package: report
GithubUsername: easystats
GithubRepo: report
GithubRef: HEAD
GithubSHA1: c48a4bb0a40df7116bc502aa3ce2cbbc9d70b7e2

To install all those dependencies:

automagic()
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renv also controls dependencies

renv::init()
# Create private package library for project

renv::snapshot()
# Capture dependencies in lockfile

renv::restore()
# Regenerate dependencies from lockfile

https://environments.rstudio.com/

179

https://environments.rstudio.com/


To ensure reproducibility,

besides R packages

we also need to control

computational environment
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Docker recreates virtual systems

from a Dockerfile
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liftr: process Rmd in Docker container

https://liftr.me/
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https://liftr.me/


containerit creates Dockerfile

library(”containerit”)

dockfile <- dockerfile(from = ”mypaper.Rmd”)

https://o2r.info/containerit
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https://o2r.info/containerit


holepunch: reproduce analysis in the cloud (Binder)

https://karthik.github.io/holepunch/
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https://karthik.github.io/holepunch/


Your turn
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Checkpoint

• Create script/Rmd using different packages

• Call checkpoint on former date
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automagic/renv

• Record dependencies:
• automagic::make_deps_file()
• renv::snapshot

• Recreate packages
• automagic()
• restore()
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How to write more reproducible code

• BES guide to reproducible code

• Turing Way

• Good enough practices in scientific computing

• Ciencia reproducible: qué, por qué, cómo

• https://rstats.wtf

• fertile package

• CodeCheck

188

https://www.britishecologicalsociety.org/wp-content/uploads/2019/06/BES-Guide-Reproducible-Code-2019.pdf
https://the-turing-way.netlify.app
https://doi.org/10.1371/journal.pcbi.1005510
https://doi.org/10.7818/ECOS.2016.25-2.11
https://rstats.wtf
https://github.com/baumer-lab/fertile
https://codecheck.org.uk


Reproducibility

• Good for you, good for science

• Requires systemic changes

• Reproducibility gradient: step by step
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Happy collaboration!
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