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advantages of reproducible research

Write Paper Efficiently Grek Credits Fairly Ensure Continuity

https://the-turing-way.netlify.app/reproducible-research/overview/overview-benefit.ntml#mr-overview-benefits
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reproducibility crisis

Attempt to replicate major social
scientific findings of past decade fails

Scientists and the design of experiments under scrutiny after a
major project fails to reproduce results of high profile studies

IS THERE A REPRODUCIBILITY CRISIS?

52%

Ificant

Case studies

The term "case studies"” is used here in a general sense to describe any study of reproducibility. A reproduction is
an attempt to arrive at comparable results with identical data using computational methods described in a paper.
A refactor involves refactoring existing code into frameworks and other reproducibility best practices while
preserving the original data. A replication involves generating new data and applying existing methods to achieve
comparable results. A robustness test applies various protocols, workflows, statistical models or parameters to a
given data set to study their effect on results, either as a follow-up to an existing study or as a "bake-off". A
census is a high-level tabulation conducted by a third party. A survey is a questionnaire sent to practitioners. A
case narrative is an in-depth first-person account. An independent discussion utilizes a secondary independent
author to interpret the results of a study as a means to improve inferential reproducibility.

Study Field Approach Size

Medicine Census 80 studies

Cancer biology Refactor 8 studies

https://github.com/leipzig/awesome-reproducible-research
@martinagvilas, @turingway #TuringWay
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The Turing Way

on |Iﬂ e bOO k Welcome to the Turing Way

The Turing Way is a lightly opinionated guide to reproducible data science.

Our goal is to provide all the information that researchers need at the start of their projects to
ensure that they are easy to reproduce at the end.

m O O n S h O-I- g O O | . This also means making sure PhD students, postdocs, Pls and funding teams know which parts of
L]

the “responsibility of reproducibility” they can affect, and what they should do to nudge data
science to being more efficient, effective and understandable.

make reproducible

Reproducible research is necessary to ensure that scientific work can be trusted. Funders and
publishers are beginning to require that publications include access to the underlying data and
rese O rC h b ‘I‘O O e O Sy the analysis code. The goal is to ensure that all results can be independently verified and built
upon in future work. This is sometimes easier said than done. Sharing these research outputs
means understanding data management, library sciences, sofware development, and continuous
integration techniques: skills that are not widely taught or expected of academic researchers and

n OT TO d O K data scientists.

The Turing Way is a handbook to support students, their supervisors, funders and journal editors

https://the-turing-way.netlify.app
@martinagvilas, @turingway #TuringWay
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The Turing Way

Kirstie Whitaker
Program Lead for Tools, Practices and

Systems at the Allan Turing Institute

@martinagvilas, @turingway #TuringWay



Welcome

@ The Turing Way is an open source community-driven guide to reproducible, ethical, inclusive and collaborative data science.
/'
P

Our goal is to provide all the information that data scientists in academia, industry, government and in the third sector need
at the start of their projects to ensure that they are easy to reproduce and reuse at the end.

The Turing Way
The book started as a guide for reproducibility, covering version control, testing, and continuous integration. But technical
skills are just one aspect of making data science research “open for all".
In February 2020, The Turing Way expanded to a series of books covering reproducible research, project design,
Welcome

communication, collaboration, and ethical research.

Guide for Reproducible Research
Guide for Project Design

Guide for Communication

PROTECT

Guide for Collaboration DESIGN, REPRODUCIBIITY
~Ny

Guide for Ethical Research

Community Handbook

'—_\/\
l TioN
Afterword l? g%rzlelgcﬁul

Visit our GitHub Repository

This book is powered by Jupyter Book G% [] D U i
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an open source project

everyone can freely read, reuse,

The Turing Way

distribute, modify and help develop Rk

=3
Challenges in Assessing Contributions to Reproducible Research and Open Science

n, Malvika,

The Turing Way
eproducible

d moderator:
rr, Ulrich Dri

the project belongs to The Turing

Way community (CC-BY license

The Turing Way workshop onBoost your reproducibility with Binder
Title: The Turing

Created:

March

https://zenodo.org/communities/the-turing-way
@martinagvilas, @turingway #TuringWay
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an open source project

B alan-turing-institute / the-turing-way ! ¥ Unstar 623 % Fork 202

<> Code Issues 232 Pull requests 55 Actions Projects 2 Security Insights

P master + ¥ 86branches © 4 tac Go to file Add file ~ ¥ Code ~ About

Host repository for The Turing Way: a
how to guide for reproducible data
science

¢D malvikasharan Merge pull request #1279 from alan-turing-institute/malvika... 8 4 daysago ‘O 5,105 commits

content hosted

.github Merge pull request #985 from alan-turing-ins refine-tests

& the-turing-way.netlify.app

b book Merge pull request #1279 from alan-turing-institute/malvikasharan-r... 4 days
Ol I I l ' hut23 hut23-270 hut23-396

communications Update README.md 2 months ago
0 Readme

conferences Update README.md

View license
open-life-science-mentoring Updated OLS-2 Ethics README.md
project_management split acknowled ent file into two subchapters 3 months ago

Releases 4

templates

tests

workshops
.all-contributorsrc
.gitignore
CODE_OF_CONDUCT.md

CONTRIBUTING.md

Updating Github templates

Upda sts/no-bad-latin.py

minor update

docs: update .all-contributorsrc

Merge pull request #985 from ala Iring-insf

Merge pull request #1130 from srishti-nema/add-label

Update CONTRIBUTING.md

https://qithub.com/alan-turing-institute/the-turing-way

4 months

4 months

© v0.0.4 new chapter: Conti... ( Lates
0 9

Packages

No packages published
Publish your D
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https://github.com/alan-turing-institute/the-turing-way

Book:
the-turing-way.netlify.app/

GitHub:

github.com/alan-turing-
institute/the-turing-way

Twitter:
twitter.com/turingway

Email:
theturingway@gmail.com

CC-BY 4.0, The Turing Way

A Book

An Open Source Project

A Community

A Culture of Collaboration

CcommonN
TEMS GDRL

il iy o

/ -rkerr Encn BuILD
G e,

COpE of INCUASINE EXPL“-‘TED’

Conpuct WORKSPACE gsggec;fo .
i
Yd Y

1
K: PRODU 7 ON




Contiribution Pathways

FXING LINKS

ASK RELEVANT
RETEARLH QUESTIONS

TEAM,
Skites
STYLES oF
WORKING

pPrayET
memT

S
Ky

m,
_
4
@&
’ o
o Jafiel
PR

- Review pull requests - Help franslate - Improve our culture

Sharan, Malvika (2020). Open communities and promoting a culture of collaboration http://doi.org/10.5281/zenodo.3745008
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open community

" anyone can join and contribute
" the direction and the goals are

determined collaboratively

Sharan, Malvika (2020). The Turing Way: Collaboratively Learning and Sharing Research Skills
http://doi.org/10.5281/zenodo.3968440
@martinagvilas, @turingway #TuringWay
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mentored contributions
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The Turing Way chapters on reproducibility

e
Guide for Reproducible Research

This guide covers topics related to skills, tools and best practices for research reproducibility.

The Turing Way defines reproducibility in data research as data and code being available to fully rerun the analysis.

The Turing Way There are several definitions of reproducibility in use, and we discuss these in more detail in the Definitions of

Reproducibility section of this chapter. While it it absolutely fine for us each to use different words, it will be useful for you
to know how The Turing Way defines reproducibility to avoid misunderstandings when reading the rest of the handbook.

Welcome

Guide for Reproducible R

https://the-turing-way.netlify.app
@martinagvilas, @turingway #TuringWay
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The Turing Way chapters on reproducibility

Guide for Reproducible €

Research SN Guide for Reproducible Research

This guide covers topics related to skills, tools and best practices for research reproducibility.

The Turing Way defines reproducibility in data research as data and code being available to fully rerun the analysis.

There are several definitions of reproducibility in use, and we discuss these in more detail in the Definitio f
Reproducibility section of this chapter. While it it absolutely fine for us each to use different words, it will be useful for you
to know how The Turing Way defines reproduci yto avoid misunderstandings when reading the rest of the handbook.

BinderHub

lity

https://the-turing-way.netlify.app
@martinagvilas, @turingway #TuringWay
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The Turing Way chapters on reproducibility

Guide for Reproducible

Research
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https://the-turing-way.netlify.app
@martinagvilas, @turingway #TuringWay
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The Turing Way chapters on reproducibility
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The Turing Way chapters on reproducibility

Guide for Reproducible
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The Turing Way chapters on reproducibility
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compvutational reproducibility

@martinagvilas, @turingway #TuringWay



compuvutational reproducibility

Track changes to your code (version control)
Write clean, understandable and error free code
Save and share your computational environment

Make your code open source

@martinagvilas, @turingway #TuringWay



compuvutational reproducibility

— Track changes to your code (version control)

@martinagvilas, @turingway #TuringWay



version control

= records changes to a file or set of files over fime

= provides access to any specific version

https://the-turing-way.netlify.app/reproducible-research/ves.himl
@martinagvilas, @turingway #TuringWay
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version control

Q git

= changes are recorded using snapshots

= distributed version control system

https://qit-scm.com/
@martinagvilas, @turingway #TuringWay
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version control

Q GitHub

= Web and Desktop App GUI interface

= most Open Source software hosted here

https://qit-scm.com/
@martinagvilas, @turingway #TuringWay
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version control

SECOND EDITION

Git

Scott Chacon and Ben Straub

EVERYTHING YOU NEED TO
KNOW ABOUT GIT

Apress’

https://qit-scm.com/
@martinagvilas, @turingway #TuringWay
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compuvutational reproducibility

— Write clean, understandable and error free code

@martinagvilas, @turingway #TuringWay



code style guide

= set of conventions on how to format code

= e.d.
v Indentation
v Comments
v Imports

v" Naming

https://the-turing-way.netlify.app/reproducible-research/code-qudlity/code-guality-style.html
@martinagvilas, @turingway #TuringWay
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code style guide

PEP 8

e.g. imports

https://www.python.org/dev/peps/pep-0008/
@martinagvilas, @turingway #TuringWay
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code style guide

PEP 8

e.g. spaces

https://www.python.org/dev/peps/pep-0008/
@martinagvilas, @turingway #TuringWay
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code style guide

Style Guide Enforcement tools

https://flake8.pycqa.org/en/latest/
@martinagvilas, @turingway #TuringWay
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code style guide

Style Guide Enforcement fools = flake8

I flake8 example_files/bad_file.py

example_files/bad_file.py:1:80: E501 line too long (80 > 79 characters)
example_files/bad_file.py:3:2: E225 missing whitespace around operator

https://flake8.pycqa.org/en/latest/
@martinagvilas, @turingway #TuringWay
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code style guide

Automatic formatting tools

https://qgithub.com/psf/black
@martinagvilas, @turingway #TuringWay
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code style guide

Automatic formatting fools=> Black

https://qgithub.com/psf/black
@martinagvilas, @turingway #TuringWay
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code review

= have another programmer ook over your code and assess it

hitps://the-turing-way.netlify.app/reproducible-research/reviewing.html
@martinagvilas, @turingway #TuringWay
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code review

types
— synchronous

= |ab meetings presentations
— asynchronous

= GitHub

hitps://the-turing-way.netlify.app/reproducible-research/reviewing.html
@martinagvilas, @turingway #TuringWay
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code testing

“You should not skip writing tests because you are short on time, you

should write tests because you are short on time”

https://the-turing-way.netlify.app/reproducible-research/testing.html
@martinagvilas, @turingway #TuringWay
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code testing

“You should not skip writing tests because you are short on time, you

should write tests because you are short on time”

= you probably are already doing it ...

data = np.random.randint(®, 10, size=(4, 6))

print(data)

https://the-turing-way.netlify.app/reproducible-research/testing.html
@martinagvilas, @turingway #TuringWay
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assert

expected_n_rows = 3
assert data.shape[@] == expected_n_rows, "shape mismatch"

AssertionError Traceback (most recent call last)

<ipython-input-3-c9f3f4600ddd> in <module>
1 expected_n_rows = 3
-———> 2 assert data.shape[0] == expected_n_rows, '"shape mismatch"

AssertionError: shape mismatch

@martinagvilas, @turingway #TuringWay



assert

expected_n_rows = 3
assert data.shape[@] == expected_n_rows, "shape mismatch"

expected_n_rows = 3
real_n_rows = data.shape[0]
assert real_n_rows == expected_n_rows, (
f""shape mismatch, data has {real_n_rows} rows, expected {expected_n_rows} rows"

AssertionError Traceback (most recent call last)
<ipython-input-22-1d999f81fff@> in <module>

2 real_n_rows = data.shape[0]

3 assert real_n_rows == expected_n_rows, (
—> 4 f""shape mismatch, data has {real_n_rows} rows, expected {expected_n_rows} rows"

5)

AssertionError: shape mismatch, data has 4 rows, expected 3 rows

@martinagvilas, @turingway #TuringWay



unit testing

def take_fifth_power(x):
result = X % X % X % X * X
return result

def test_take_fifth_power():
assert take_fifth_power(1.5) == 7.59375

https://the-turing-way.netlify.app/reproducible-research/testing/testing-types.html
@martinagvilas, @turingway #TuringWay
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Testing framework

detailed info of assert statements

test session starts ==
Python 3.x.y, pytest-6.x.y, py-1
cachedir: $PYTHON_PREFIX/.pytest_cache
rootdir: $REGENDOC_TMPDIR

==== FAILURES ==

test_answer

def test_answer():
assert inc(3) == 5
assert 4 ==
+ where 4 = inc(3)

AssertionError
== short test summary info
test_answer - assert 4
=== 1 failed in 0.12s

https://docs.pytest.org/

@martinagvilas, @turingway #TuringWay
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pytest

Testing framework

= detailed info of assert statements

= quto-discovery of tests setup. py

mypkg/
__init__.py
app.py

view.py
tests/

test_app.py
test_view.py

https://docs.pytest.org/
@martinagvilas, @turingway #TuringWay
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other types of testing

https://the-turing-way.netlify.app/reproducible-research/testing/testing-types.html
@martinagvilas, @turingway #TuringWay
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other types of testing

Smoke test

= initial checks designed to ensure very basic functionality

https://the-turing-way.netlify.app/reproducible-research/testing/testing-types.html
@martinagvilas, @turingway #TuringWay
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other types of testing

Smoke test

= initial checks designed to ensure very basic functionality

Integration test

= individual units are combined and tested as a group

https://the-turing-way.netlify.app/reproducible-research/testing/testing-types.html
@martinagvilas, @turingway #TuringWay
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other types of testing

Smoke test

= initial checks designed to ensure very basic functionality

Integration test

= individual units are combined and tested as a group

etc.!

https://the-turing-way.netlify.app/reproducible-research/testing/testing-types.html
@martinagvilas, @turingway #TuringWay



https://the-turing-way.netlify.app/reproducible-research/testing/testing-types.html

compuvutational reproducibility

— Save and share your computational environment

@martinagvilas, @turingway #TuringWay



what is a computational environment?

= hardware (e.g. CPU)
= software
+ operating system
«  programming languages

*  packages

https://the-turing-way.netlify.app/reproducible-research/renv.himil
@martinagvilas, @turingway #TuringWay
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what is a computational environment?

= hardware (e.g. CPU)

= software

« operating system , ,
their versions

and their

«  programming languages ) ,
configuration

*  packages

https://the-turing-way.netlify.app/reproducible-research/renv.himil
@martinagvilas, @turingway #TuringWay
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what is a computational environment?

hardware (e.g. CPU)

software

operating system

programming languages

packages

| —

their versions
and their
configuration

e

and their
interaction

https://the-turing-way.netlify.app/reproducible-research/renv.himl

@martinagvilas, @turingway #TuringWay
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reproducible computational environments

Interaction style

Binder Conda

What is
reproduced? Virtual machine Containers

https://the-turing-way.netlify.app/reproducible-research/renv/renv-options.html
@martinagvilas, @turingway #TuringWay
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conda

CON DA = environment management system

= package and version management system

https://the-turing-way.netlify.app/reproducible-research/renv/renv-package.html
@martinagvilas, @turingway #TuringWay
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virtual machines

© §
package a whole TETm——
e
computer as an app that s e e
a
can be run

https://the-turing-way.netlify.app/reproducible-research/renv/renv-vm.html
@martinagvilas, @turingway #TuringWay
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containers

= pehaves like a virtual machine

more lightweight -> only contains the

individual components needed to operate

the project

https://the-turing-way.netlify.app/reproducible-research/renv/renv-containers.html
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Binder

binder

Turn a Git repo into a collection of interactive
notebooks

Have a repository full of Jupyter notebooks? With Binder, open those notebooks in an executable

environment, making your code immediately reproducible by anyone, anywhere

New to Binder? Get started with a Zero-to-Binder tutorial in Julia, Python or R

Build and launch a repository
GitHub repository name or URL

GitHub »

Git ref (branch, tag, or commit)

Copy the URL below and share your Binder with others:

Fill in the fields to see a URL for sharing your Binder.

Copy the text below, then paste into your README to show a binder badge: [[EIENICL

reproducible-research/renv/renv-binder.ntml
@martinagvilas, @turingway #TuringWay
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compuvutational reproducibility

—~ Make your code open source

@martinagvilas, @turingway #TuringWay



open source

= anybody can view, use, modify, and distribute the software for

any purpose

https://the-turing-way.netlify.app/reproducible-research/open/open-source.html
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licensing

Copyleft
Permissive Proprietary

Use for .
Sometimes

anything

Copyleft Proprietary

Private
Permissive

changes
Strong Weak

Distribute | Same license, Same license, | Same license, also Rarely GPL1CDDL? | LGPL3MPL* | BSDSMITé Apache | Research Only: No copying, No modification

original with source with source binary-only?

1GPL: GNU General Public License 2CDDL: Common Development and Distribution License 3LGPL: GNU Lesser General

Distribute Same Iicense, Same Iicense, Any license, also MPL: Mozilla Public License ® BSD: Berkley Software Distribution ¢ MIT: chusetts Instititue of

. . . . Technology
modified with source with source? binary-only

Distribute Same license, Any license, Any license, also
combined with source binary additions binary-only

1Under any license for the MIT license ERe\icensing LGPL to GPL is allowed

https://the-turing-way.netlify.app/reproducible-research/licensing/licensing-software.htmi
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community files

¥ master ~ the-turing-way / README.md Goto file

README.md

*.! allcontributors docs: update README.md Latest commit baed753 17 hours ago <O History

mrsconoues @O DBO SO 8 & ¢ = project name and main features

o = installation instructions
The Turing Way .
= how fo run associated tests

= list of authors/contributors

This README.md file in also available in Dutch (README-Dutch), Italian (README-Italian),
Portuguese (README-Portuguese), and Spanish (README-Spanish) (listed alphabetically).

= contact information

The Turing Way is a lightly opinionated guide to reproducible data science. You can read it here:
https://the-turing-way.netlify.com You're currently viewing the project GitHub repository where
all of the bits that make up the guide live, and where the process of writing/building the guide

= |inks to related material

Our goal is to provide all the information that researchers need at the start of their projects to
ensure that they are easy to reproduce at the end.

https://the-turing-way.netlify.app/reproducible-research/open/open-source.html
@martinagvilas, @turingway #TuringWay



https://the-turing-way.netlify.app/reproducible-research/open/open-source.html

community files

CONTRIBUTING.md

¥ master ~ the-turing-way / CONTRIBUTING.md Gotofile "

@ malvikashar ONTRIBUTING.md v/ atest con O History

e II I I TEET L
SEEREN - how to suggest a new feature

Contributing to The Turing Way

= how to file a bug report

= how to contribute changes

£2Q * Welcome to The Turing Way repository! =@ §

We're excited that you're here and want to contribute.

o o .
We want to ensure that every user and contributor feels welcome, included and supported to participate in The u ro O d m O p O r V I S I O n fo r Th e p rOJ e CT

Turing Way community. We hope that the information provided in this document will make it as easy as possible
for you to get involved.

.
We welcome all contributions to this project via GitHub issues and pull requests. Please follow these guidelines to | h OW C O n ‘I'rl b U 'I'O rs S h O U | d O r S h O U | d
make sure your contributions can be easily integrated into the projects. As you start contributing to The Turing

Way, don't forget that your ideas are more important than perfect pull requests. @

If you have any questions that aren't discussed below, please let us know through one of the many ways to get in

not) get in fouch with you

https://the-turing-way.netlify.app/reproducible-research/open/open-source.html
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community files

the-turing-way / CODE_OF_CONDUCT.md Go to file

# master ~

D malvikasharan Update CODE_OF_CONDUCT.md v/ Latest commit 384590 11 days ago O History C O D E O F C O N D U CT . | I I d

A 5 contributors D (Y t e g

= how you expect participants to

215 lines (153 sloc) 17.3 KB Raw Blame

Code of Conduct behave

We value the participation of every member of our community and want to ensure that every contributor
.
has an enjoyable and fulfilling experience. Accordingly, everyone who participates in the Turing Way project ] Wh O -I-h e S e eX e C-I-O -I-I O n S O | -I-O
is expected to show respect and courtesy to other community members at all times. p p p y
Kirstie Whitaker, as Pl of this project, and all project members, are dedicated to a harassment-free
experience for everyone, regardless of gender, gender identity and expression, sexual orientation,

disability, physical appearance, body size, race, age or religion. We do not tolerate harassment by and/or u Wh e n ‘I-h ey O p p |y

of members of our community in any form.

We are particularly motivated to support new and/or anxious collaborators, people who are looking to learn

and develop their skills, and anyone who has experienced discrimination in the past. B Wh O 'I' ‘I'O d O if O Vio | O 'I'i O n O C C U rS

To make clear what is expected, we ask all members of the community to conform to the following Code of
Conduct.

« 1Introduction
¢ 2 Code of Conduct
o 2.1 Expected Behaviour
o 2.2 Unacceptable Behaviour
o 2.3 Consequences of Unacceptable Behaviour

https://the-turing-way.netlify.app/reproducible-research/open/open-source.html
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continuous integration

= practice of infegrating changes to a project made by individuals

iNfo a main, shared version

Review required Add your review

At least 1 appro

° All checks have passed Hide all checks

essful and 2 neutral checks

= frequently

Y Cl1/ build-jb-and-check-links (pull_request) Successful in 3m Details

v Check for Latin Phrases / latin-phrases (pull_request) Suc: 3s Details
v Check for Lorem Ipsums / lorem-ipsums (pull_request) S ss S Details
/ TestFileSizes / testfilesizes (pull_request) Successfulin 11s Details

@ Headerrules Co 2m — No header rules p: d Details

A Paqes chanaed Completed in 2m — 160 new files u ed Details

° Merging is blocked

Merging can be performed automatically with 1 approvi

Merge pull request - You can also open this in GitHub Desktop or view

https://the-turing-way.netlify.app/reproducible-research/ci.html
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Travis

CircleCi

GitHub Actions

Azure

language:

continuous integration

yml

language: python
python:
_ mp_gn

before_install:
- pip install coverage

script:
- pytest

after_success:
- coverage run main.py
- coverage report

https://the-turing-way.netlify.app/reproducible-research/ci.html
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efc.

= documentation
= packaging

= inferactivity

@martinagvilas, @turingway #TuringWay



reproducible research is not enough

Same Different
()
& | Reproducible Replicable
(8]
5
k> Robust Generalisable
=

https://the-turing-way.netlify.app/reproducible-research/overview/overview-definitions.html
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