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1. About The Turing Way

2. guide to computational reproducibility

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway, #TuringWay



Academic errors have real world effects

https://statmodeling.stat.columbia.edu/2013/04/16/memo-to-reinhart-and-
rogoff-i-think-its-best-to-admit-your-errors-and-go-on-from-there
https://www.bbc.co.uk/news/magazine-22223190

@TuringWay @malvikasharan
Ref: https://doi.org/10.5281/zenodo.4139831
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“…paper often used to make the case 
for austerity cuts contains major errors.” 

“… only included 15 of the 20 countries 
(of average GDP growth in countries 
with high public debt).”

“We will redouble our efforts to avoid 
such errors in the future …”



Applying best practices 
in our research requires 
intention, resources, time 
and collaboration, which 
can be overwhelming.

https://www.software.ac.uk/blog/2020-12-17-ten-arguments-against-open-science-you-can-win
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https://the-turing-way.netlify.app/reproducible-research/
overview/overview-definitions.html https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway, #TuringWay



Barriers to Open Research

– Reward system
– Novel findings
– Publication cost
– Training and skill transfer
– Leadership
– Institutions (often)
– Lack of trust

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway, #TuringWay



Added advantages

https://the-turing-way.netlify.app/reproducible-research/overview/overview-benefit.html, https://doi.org/10.5281/zenodo.4549447



The Turing Way

An Open Source project that involves and 
supports its diverse community to make 
data science is reproducible, ethical, 
collaborative and inclusive for everyone.

https://github.com/alan-turing-institute/the-turing-way, https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



The national institute 
for data science and 
artificial intelligence

https://github.com/alan-turing-institute/the-turing-way, https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



University network

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



The Institute’s partners and collaborators

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



Challenges

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Revolutionise healthcare Deliver safer, smarter 
engineering

Manage security in an 
insecure world

Shine a light on our 
economy 

Advance data science and artificial intelligence to…

Supercharge research 
in science and 

humanities 

Make algorithmic 
systems fair, 

transparent, and ethical

Design computers for 
the next generation 

of algorithms

Foster government 
innovation 



Tools, Practices and Systems

The Alan Turing Institute, Tools, Practices and Systems

– Trustworthy systems

– Transparent reporting

– Inclusive interoperable design

– Ethical integrity

– Respectful co-creation

– Leadership in open research

https://doi.org/10.5281/zenodo.4549447, @malvikasharan



A Book

An Open Source Project

A Community

A Culture of Collaboration

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



Lead of Tools, 
Practices & Systems 
Programme

Kirstie Whitaker

The Turing Way Book on Reproducibility



Book: https://the-turing-way.netlify.app/welcome, https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

https://the-turing-way.netlify.app/welcome


Moonshot Goal: Reproducibility  “too easy not to do”

Book: https://the-turing-way.netlify.app/welcome, https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway
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An open source project

§ everyone can freely read, reuse, 

distribute, modify and help develop

§ the project belongs to The Turing 

Way community (CC-BY license)

https://zenodo.org/communities/the-turing-way
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

https://zenodo.org/communities/the-turing-way


An open source project

Hosted on GitHub

https://github.com/alan-turing-institute/the-turing-way
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

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


An open source project

built with other  Open 

Source tools

https://jupyterbook.org/ 
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

https://jupyterbook.org/




An open source project

https://github.com/martinagvilas/tutorial-jupyterbook-with-turing-way/
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

https://github.com/martinagvilas/tutorial-jupyterbook-with-turing-way/
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CC-BY 4.0, The Turing Way



Develop & share Share resources

Review and update

Maintain & improve

Make it global Share best practices

Pathways for Collaboration

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



Acknowledgment

everyone gets 

acknowledgement for their 

work 

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



Recognise All Contributions

CC-BY  image by The Turing Way and Scriberia, https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway
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Open Community

§ anyone can join and contribute 

§ the direction and the goals are 

determined collaboratively 

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



A Community of Contributors

Book Dash EventsCollaboration Cafés 
& Co-working Calls

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



More than a Book!
The co-working hours are 
friendly for introverts who might 
be intimidated working with 
new people. These personal 
interactions are also crucial for 
staying motivated!

Martina G. Vilas



Project and Community Growth

https://star-history.t9t.io/#alan-turing-institute/the-turing-way, https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

• 2 years, >134 subchapters

• Community resources, 
guidance, templates, 
training

• 250 direct contributors and 
thousands of users

https://zenodo.org/record/4323154



Notable Impacts Beyond the project

Resources are being used by learners, educators, community 
builders, policy makers and researchers globally

Ø Reproducibility of scientific results in the EU 2020 (report)

Ø An Emerging Technology Charter for London (policy)

Ø Innovation Scholars: UKRI grant 2020 (funding)

Ø CodeRefinary and Library Carpentries (training)

Ø Cited by multiple peer-reviewed articles

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



Thanks to our community of contributors & users!



1. what is The Turing Way?

2. guide to computational reproducibility



same analysis steps on 

the same dataset 

produces same answer

https://the-turing-way.netlify.app/reproducible-research/overview/overview-definitions.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway
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Reproducible Research

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


The Turing Way chapters on reproducibility

https://the-turing-way.netlify.app
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

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


https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Computational Reproducibility

→ Track changes to your code/resource (version control)

→ Write clean, understandable and error free code

→ Save and share your computational environment

→ Make your code open source



https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Computational 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



https://the-turing-way.netlify.app/reproducible-research/vcs.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Version Control

§ records changes to a file or set of files over time

§ provides access to any specific version

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


https://git-scm.com/ 
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Version Control

§ changes are recorded using snapshots

§ distributed version control system

https://git-scm.com/


https://git-scm.com/ 
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Version Control

§ Web and Desktop App GUI interface

§ most Open Source software hosted here

https://git-scm.com/


https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Computational 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



https://the-turing-way.netlify.app/reproducible-research/code-quality/code-quality-style.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Code Style Guide

§ set of conventions on how to format code

§ e.g.

ü Indentation

ü Comments

ü Imports

ü Naming

https://the-turing-way.netlify.app/reproducible-research/code-quality/code-quality-style.html


https://www.python.org/dev/peps/pep-0008/ 
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Code Style Guide
PEP 8

e.g. imports

https://www.python.org/dev/peps/pep-0008/


https://www.python.org/dev/peps/pep-0008/ 
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Code Style Guide
PEP 8

e.g. spaces

https://www.python.org/dev/peps/pep-0008/


https://flake8.pycqa.org/en/latest/
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Code Style Guide

Style Guide Enforcement tools

https://flake8.pycqa.org/en/latest/


https://flake8.pycqa.org/en/latest/
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Code Style Guide

Style Guide Enforcement tools à flake8

https://flake8.pycqa.org/en/latest/


https://github.com/psf/black
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Code Style Guide

Automatic formatting tools

https://github.com/psf/black


https://github.com/psf/black
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Code Style Guide

Automatic formatting toolsà Black

https://github.com/psf/black


https://the-turing-way.netlify.app/reproducible-research/reviewing.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Code Review

§ have another programmer look over your code and assess it 

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


https://the-turing-way.netlify.app/reproducible-research/reviewing.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Code Review

types

→ synchronous

§ lab meetings presentations

→ asynchronous

§ GitHub

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


https://the-turing-way.netlify.app/reproducible-research/testing.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

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


https://the-turing-way.netlify.app/reproducible-research/testing.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

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 …

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


https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Assert



https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Assert



https://the-turing-way.netlify.app/reproducible-research/testing/testing-types.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Unit Testing

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


https://docs.pytest.org/
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Pytest

Testing framework

§ detailed info of assert statements

https://docs.pytest.org/


https://docs.pytest.org/
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Pytest

Testing framework

§ detailed info of assert statements

§ auto-discovery of tests

https://docs.pytest.org/


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

and more

https://the-turing-way.netlify.app/reproducible-research/testing/testing-types.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

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


https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Computational 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



https://the-turing-way.netlify.app/reproducible-research/renv/renv-options.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Reproducible Computational Environments

Graphical Command line

Software and versions Binder Conda

Entire system Virtual machine Containers

What is 

reproduced?

Interaction style

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


https://the-turing-way.netlify.app/reproducible-research/renv/renv-package.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Conda

§ environment management system

§ package and version management system

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


https://the-turing-way.netlify.app/reproducible-research/renv/renv-vm.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Virtual Machines

package a whole 

computer as an app that 

can be run

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


https://the-turing-way.netlify.app/reproducible-research/renv/renv-containers.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Containers

§ behaves 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


https://the-turing-way.netlify.app/reproducible-research/renv/renv-binder.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Binder

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


https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Computational 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



https://the-turing-way.netlify.app/reproducible-research/open/open-source.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @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


https://the-turing-way.netlify.app/reproducible-research/licensing/licensing-software.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Licensing

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


https://the-turing-way.netlify.app/reproducible-research/open/open-source.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Community Files

README.md

§ project name and main features

§ installation instructions

§ how to run associated tests

§ list of authors/contributors 

§ contact information

§ links to related material

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


https://the-turing-way.netlify.app/reproducible-research/open/open-source.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Contribution Guideline
CONTRIBUTING.md

§ how to file a bug report

§ how to suggest a new feature

§ how to contribute changes

§ roadmap or vision for the project

§ how contributors should (or should 

not) get in touch with you

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


https://the-turing-way.netlify.app/reproducible-research/open/open-source.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Code of Conduct

CODE_OF_CONDUCT.md

§ how you expect participants to 

behave

§ who these expectations apply to 

§ when they apply

§ what to do if a violation occurs

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


https://the-turing-way.netlify.app/reproducible-research/ci.html
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Continuous Integration

§ practice of integrating changes to a project made by individuals 

into a main, shared version

§ frequently

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


Continuous Integration

https://github.com/martinagvilas/tutorial-jupyterbook-with-turing-way/
https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

https://github.com/martinagvilas/tutorial-jupyterbook-with-turing-way/


https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

What Else?

§ Documentation

§ Packaging

§ Interactivity

§ Collaboration



https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway

Check Out other Relevant Resources

§ Galaxy pipelines

§ Reproducible bioinformatics project: 
http://www.reproducible-bioinformatics.org/

§ Snakemake and Nextflow

§ ReproHack: hands-on Reproducibility Hackathon



The Turing Way can 
be beneficial & 
comprehensible for 
everyone only when 
we include diverse 
perspectives

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



Join us!
– Reading
– Editing
– Writing
– Reviewing
– Linking
– Automating
– Curating
– Translating
– Promoting

https://doi.org/10.5281/zenodo.4549447, @malvikasharan @turingway



Pay it forward!

I realised that the value I left 
behind in this Open Source 
project is not in the amount 
of work I did, but how I 
enabled other contributors.

Paul Owoicho, GSoD intern
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– GitHub: github.com/alan-turing-institute/the-turing-way

– Slack: https://tinyurl.com/jointuringwayslack
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