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Statistical Inference: the Big Picture (Kass, 2011)
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A gloomy title

▶ Did you hear about this paper?

▶ Did you read it?
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Statistical model

PPV: positive predictive value

▶ posterior probability that a given research finding is true

Depends on:

▶ the prior probability of it being true (R)

▶ the power of the study (1− β)

▶ the probability of claiming a relationship when none truly
exists (α)

But also on:

▶ bias (u)

▶ number of independent studies of equal power (n)
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Example

Ioannidis (2005)
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First, is it really that bad?

Jager & Leek (2014)
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But it’s not only about weak power and high bias...
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A hopeful title, and no less crucial advice

Read it here!
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Some terminology (1/2)

From a U.S. NSF subcommittee:
Reproducibility refers to the ability of a researcher to du-
plicate the results of a prior study using the same materials
as were used by the original investigator. That is, a second
researcher might use the same raw data to build the same
analysis files and implement the same statistical analysis in
an attempt to yield the same results. Reproducibility is a
minimum necessary condition for a finding to be believable
and informative.
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Some terminology (2/2)

Goodman et al (2016):

▶ methods reproducibility: ability to implement, as exactly as
possible, the experimental and computational procedures, with
the same data and tools, to obtain the same results
▶ capture the original meaning of “reproducibility”
▶ here, I focus on this notion

▶ results reproducibility: production of corroborating results in a
new study, having followed the same experimental methods
▶ refers to what was previously described as “replication”
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Reprod. Research in Computational Science (Peng, 2011)

▶ Would you define yourself as a “computational scientist”?
▶ Do you use Excel? R and/or Python? Julia? C/C++?

▶ Where are you along the spectrum?
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Let us start with code...

Claerbout & Karrenbach (1992):

An article about a computational result is advertising, not
scholarship. The actual scholarship is the full software
environment, code and data, that produced the result.

Buckheit & Donohoe (1995):

Publishing figures or results without the complete soft-
ware environment could be compared to a mathematician
publishing an announcement of a mathematical theorem
without giving the proof.
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... and now data.

Currently, virtually none of the data generated from the
hundreds of phenotypic studies conducted each year are
being made publically available as raw data; thus there
is little we can learn from past experience when making
decisions about how to breed better crops for the future.

Zamir (Science, 2014):
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An extreme view: what do you think?

”research parasites” [...] people who had nothing to do
with the design and execution of the study but use another
group’s data for their own ends, possibly stealing from
the research productivity planned by the data gatherers,
or even use the data to try to disprove what the original
investigators had posited
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Incentives, to be improved
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But that’s not it!

https://ecoevorxiv.org/repository/view/6000/
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You shall document your preprocessing

Blocker & Meng (Bernoulli, 2013):

Decisions made in preprocessing constrain all later analyses and
are typically irreversible. Hence, data analysis becomes a col-
laborative endeavor by all parties involved in data collection,
preprocessing and curation, and downstream inference.
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Effort towards more formalization

Devezer et al (RSOS, 2021):
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After all, why is reproducibility important

Which reason(s) would you choose?

▶ reproducing work is also the first step to extending it

▶ we are forgetful, error-prone (or dishonest)

▶ helps communication with your collaborators

▶ bigger visibility in the community

▶ we are mostly funded by public money

▶ ...
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Multi-dimensional space of ”projects”

▶ question: mono- or inter-disciplinary; closer to applied or to
basic research
▶ won’t be discussed here, but obviously crucial...

▶ data: few small files or many large files; text or binary; custom
or standardized formats; databases

▶ code: in interpreted languages (e.g. R, Python, Julia, Perl,
Bash) or compiled languages (e.g. C, C++, Fortran)

▶ model: informal (any word processor is enough, e.g. Writer,
Word) or formal (many equations, much easier in LaTeX)

▶ collaborators: professional scientist or anyone else; beginner or
experienced; ”open curious” or already fully proficient (N.B.:
to specify author contributions, take a look at CRediT)
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Initial steps toward reproducible research

Karl Broman’s tutorial: http://kbroman.org/steps2rr/

1. Everything with a script

2. Organize your data and code

3. Automate the process

4. Turn scripts into reproducible reports

5. Turn repeated code into functions

6. Package functions for reuse

7. Use version control

Teach yourself: Software Carpentry, MOOC RR, forum RR
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A text editor, not a word processor

▶ word processors: LibreOffice Writer, Microsoft Word, etc

▶ text editors: Emacs, Vim, Notepad++, Gedit, Geany, etc

Why knowing/mastering a good text editor is crucial?

▶ essential tool of any data analysis (source code and scripts)

▶ light-weight markup languages convert plain text to
PDF/HTML/odt/docx/etc, check out pandoc

▶ delivers full power of text manipulation tools, e.g. diff to
compare, grep to search, awk to extract, ...

▶ allows efficient use of version control systems such as git
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Reproducible reports

Literate programming (Knuth, 1984): a computer program is given
as an explanation of how it works in a natural language,
interspersed (embedded) with traditional source code, from which
compilable source code can be generated.
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Notebook interfaces

https://posit.co/products/open-
source/rstudio/

https://jupyter.org/
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Wrap your code into functions, and use unit tests

Start by writing a test (e.g., setting 2 to 0), here in R:

1 input <- c(1, 2, 3, 4)

2 expected <- c(1, 0, 3, 4)

Then implement the function:

1 setTwoToZero <- function(input){

2 output <- input

3 output[input == 2] <- 0

4 return(output)

5 }

Check that the test passes; until then, fix the implementation:

1 observed <- setTwoToZero(input)

2 library(testthat)

3 testthat :: expect_equal(observed , expected)
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Gather all your R functions into a package

Research funding being more and more project-based, it is frequent
to need the same kind of analysis in different projects. But don’t
copy-paste your code, gather it into an R package instead.

▶ read H. Wickham’s great book (freely available online)

Then, version it with git, host it somewhere (e.g., locally with
GitLab, online with SourceSup, GitHub, etc), and use the R
package devtools to install it easily on any computer.
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Make a R package in 1 min

1 library(usethis)

2 library(devtools)

1 pkg_name <- "mypkg"

2 pkg_dir <- path.expand("~/Documents")

3 path_to_pkg <- file.path(pkg_dir , pkg_name)

4 pkg_fields <- list()

5 pkg_fields [["Package"]] <- pkg_name

6 pkg_fields [["Version"]] <- "0.1.0"

7 pkg_fields [["Title"]] <- "My First package"

8 pkg_fields [["Description"]] <- "This package is my first one."

9 pkg_fields [["Authors@R"]] <- "person(’Timothee ’,’Flutre ’,’’,’timothee.

flutre@inrae.fr’,c(’aut ’,’cre ’))"

10 pkg_fields [["License"]] <- "AGPL -3"

11 usethis :: create_package(path=path_to_pkg , fields=pkg_fields)

1 devtools :: document(pkg=path_to_pkg)

2 built_pkg <- devtools ::build(pkg=path_to_pkg)

3 devtools ::check(pkg=path_to_pkg)

4 devtools :: install_local(path=built_pkg)

And now add your functions in a R subdirectory, along with
roxygen2 documentation.
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Project organization

Follow the spirit of Noble (PLoS Comput Biol, 2009):

▶ someone unfamiliar with your project should be able to look
at your computer files and understand in detail what you did
and why;

▶ everything you do, you will probably have to do it over again.

1. choose a short project name and create a directory

2. give brief explanations in a text file named README

3. describe sharing/modifying rights in a text file named
COPYING or LICENSE

4. list authors in a text file named AUTHORS

5. create subdirectories doc/, data/, src/ and results/

T. Flutre GQE Reproducible research 10/11/2023 29 / 39
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Keep track of code changes, and collaborate

Karl Broman on version control systems (VCS):

▶ not strictly necessary for reproducibility, but can be hugely
useful for sanity

▶ requires a big initial investment in time and effort, but become
a natural part of your daily workflow after a month or so

▶ huge short-term advantages in collaborative projects (keeping
in sync, merging simultaneous changes)

My advice: use git (free software; multi-platform; used all over the
globe by programmers, scientists, journalists, etc)

▶ follow a tutorial online

▶ download git and install it

▶ read chapters 1 to 3 of the official book

T. Flutre GQE Reproducible research 10/11/2023 30 / 39
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in sync, merging simultaneous changes)

My advice: use git (free software; multi-platform; used all over the
globe by programmers, scientists, journalists, etc)

▶ follow a tutorial online

▶ download git and install it

▶ read chapters 1 to 3 of the official book
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Git workflow

Diego C. Martin
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Two case studies

1. project ”light”: a few small data files (most in plain text);
laptop; classical models; available implementations for
interpreted languages
▶ ok to re-run the whole analysis from time to time
▶ write notebooks in text file in Rmd format and use RStudio
▶ example: github.com/timflutre/tuto-reproducible-research

2. project ”heavy”: many large files (notably in binary formats);
cluster; possibly new models and implementations
▶ can’t re-run the whole analysis because of intensive

computations
▶ write notebooks as above, but develop also “real” software
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Example of a “heavy” project

Usually, (very) large data are kept on a computer cluster, in a
shared directory, e.g., /bigdata, itself organized in several
subdirectories:

▶ external_public/, external_private/, internal/

1. create a git repository as before

2. clone it into your $HOME on the cluster

3. do NOT copy the large data from /bigdata into
~/work/project-heavy/data/

4. instead make a symbolic link

1 ln -s /bigdata ~/work/project -heavy/data/
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State-of-the art for dealing with code dependencies

Guix: a purely functional package management tool

▶ support for transactional package upgrade and rollback,
per-user installation, and garbage collection of packages

▶ maximize build reproducibility (bit-by-bit identical programs)

▶ linked to Software Heritage

For scientists:

▶ high-performance computing: GuixHPC

▶ mailing list: guix-science
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Are you teaching?

Example in statistics from Matthew Stephens: class notes
versioned with git and hosted on GitHub
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Are you teaching? Cont’d

Example in population genetics from Graham Coop: class notes
versioned with git and hosted on GitHub
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Are you writing an article?

Example in plant biology from Rubén Rellán Álvarez: article (text,
figures) and software versioned with git and hosted on GitHub
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Are you writing a book?

Example in mathematics from the ”Homotopy Type Theory” group
which started at Princeton (IAS) and now writes a book versioned
with git and hosted on GitHub
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Take-home message

Whatever the exact tools you are using, it is the spirit that is
important!

▶ How well does your behavior favor others to understand and
build on your work?

▶ When and how will you start?
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