
Reproducible research 

is impossible without 

software (so why don’t 

we reward it?)

Kirstie Whitaker
#CiteSoftware #TuringWay @kirstie_j

https://doi.org/10.5281/zenodo.2783998



A beautiful example

NASA, https://flic.kr/p/tJbJf5
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https://iopscience.iop.org/journal/2041-8205/page/Focus_on_EHT
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https://twitter.com/sweichwald/status/1116430285342695424
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Paired_r gist_stern

terrain cividis

nipy_spectral

ocean
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https://github.com/liamedeiros/ehtplot/blob/docs/docs/COLORMAPS.ipynb
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– First M87 Event Horizon 

Telescope Results. III. 

Data Processing and 

Calibration

– A series of 6 papers 

published in April 2019

– Incredible long term 

international collaboration 

(200+ scientists, 60 

institutes, 18 countries,     

6 continents)
doi: 10.3847/2041-8213/ab0c57
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An introduction to me
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Picture credit: Chris Gorgolewski
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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
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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



The humans are the 

hardest part of 

reproducibility

#CiteSoftware #TuringWay @kirstie_j
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The humans are the 

hardest part of 

reproducibility and of 

software citation

#CiteSoftware #TuringWay @kirstie_j
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https://doi.org/10.6084/m9.figshare.5537101
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https://the-turing-way.netlify.com/reproducibility/03/definitions.html
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The Turing Institute

https://www.turing.ac.uk/news/enigma-machine-goes-display-alan-turing-institute
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https://www.bbc.co.uk/programmes/p0704h04
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https://bletchleypark.org.uk
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University network
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The Institute’s partners and collaborators
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Challenges

#CiteSoftware #TuringWay @kirstie_j
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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 



Core capabilities

#CiteSoftware #TuringWay @kirstie_j
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Security and robustness
Machine learning and 

artificial intelligence
System architecture

Mathematical modelling 

of complex systems

Ethics of data 

science and artificial 

intelligence

Core statistics:

complex structure

in data

Understanding human 

behaviour



https://www.turing.ac.uk/people/researchers/martin-oreilly
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Martin O’Reilly

“Make reproducible 

research too easy not to 

do.”



https://www.turing.ac.uk/people/researchers/martin-oreilly
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Martin O’Reilly

“Make reproducible 

research too easy not to 

do.

Do you need a biscuit?”



https://www.turing.ac.uk/people/researchers/martin-oreilly
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Martin O’Reilly

“Make reproducible 

research too easy not to 

do.

Do you need a biscuit?

If we can’t do it here, we 

can’t do it at all.”



The Turing Way

#CiteSoftware #TuringWay @kirstie_j
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https://the-turing-way.netlify.com/introduction/introduction
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https://www.turing.ac.uk/people/business-team/catherine-lawrence
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Catherine Lawrence

“We should ensure all our 

processes for running 

programmes are FAIR.

- Findable (intranet)

- Accessible (EDI)

- Interoperable across 

programmes and projects

- Reusable (bus factor)”



Continuous Analysis

#CiteSoftware #TuringWay @kirstie_j
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https://elifesciences.org/labs/e623676c/reproducibility-automated
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https://elifesciences.org/labs/e623676c/reproducibility-automated
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Check to 

see what’s 

changed!
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see what’s 

changed!



https://github.com/alan-turing-institute/signatures-psychiatry

#CiteSoftware #TuringWay @kirstie_j

https://doi.org/10.5281/zenodo.2783998



https://github.com/alan-turing-institute/signatures-psychiatry

#CiteSoftware #TuringWay @kirstie_j

https://doi.org/10.5281/zenodo.2783998



– Run the analysis from start 

to finish as you’re 

developing

– Many times tests will fail as 

expected: you’re developing 

the analysis!

– Sometimes tests will fail 

unexpectedly

– CI makes you be explicit 

about what has changed https://www.youtube.com/watch?v=3GwjfUFyY6M

#CiteSoftware #TuringWay @kirstie_j
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https://the-turing-way.netlify.com/introduction/introduction

#CiteSoftware #TuringWay @kirstie_j

https://doi.org/10.5281/zenodo.2783998



https://software.ac.uk/about/fellows/becky-arnold
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Becky Arnold

“There are a lot of things 

you need to know before 

you can jump into 

continuous integration.

Version control is a 

prerequisite for pretty 

much everything.”



https://the-turing-way.netlify.com/continuous_integration/continuous_integration.html
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http://phdcomics.com/comics/archive.php?comicid=1531
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https://neurohackademy.org
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Neurohackademy

“Every hackathon 

should have a gong that 

you can ring when you 

complete your first pull 

request.”



https://www.youtube.com/watch?v=hSsjxbRxgqY
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Workshops & trainings
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https://github.com/alan-turing-institute/the-turing-way/tree/master/workshops
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https://rosiehigman.wordpress.com

#CiteSoftware #TuringWay @kirstie_j
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Rosie Higman

“There’s no point in 

running events when 

you’re only preaching to 

the choir. We need to 

show researchers the 

selfish reasons to follow 

our recommendations.”



https://www.software.ac.uk/cw19
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https://checklib.github.io/checklib
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https://alexmorley.me
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Anna Krystalli

“Checklists are a great 

way to make it really 

easy for busy people to 

do reproducible 

research. They can 

catch easily forgotten 

steps.”



https://alexmorley.me
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Anna Krystalli

“Checklists are a great 

way to make it really 

easy for busy people to 

do reproducible 

research. They can 

catch easily forgotten 

steps…… like citing 

software!”



Turing Way & Binder

#CiteSoftware #TuringWay @kirstie_j
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Courtesy of Juliette Taka: https://twitter.com/mybinderteam/status/1082556317842264064
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Courtesy of Juliette Taka: https://twitter.com/mybinderteam/status/1082556317842264064
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– Coordinate cloud 

computing resources 

with Kubernetes (k8s)

– Make it easy for users 

to access with a 

JupyterHub

– Set up the 

environment from your 

GitHub repository https://binderhub.readthedocs.io

#CiteSoftware #TuringWay @kirstie_j
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https://gertjanvandenburg.com
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Gertjan van den Burg

“The fun part of data 

science is the modelling. 

Being able to read in 

information from a csv 

file should not be the 

hardest part.”



– https://github.com/

alan-turing-institute/

CleverCSVDemo

#CiteSoftware #TuringWay @kirstie_j
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– https://github.com/

alan-turing-institute/

CleverCSVDemo

– “Wrangling Messy 

CSV Files by 

Detecting Row and 

Type Patterns”

arXiv:1811.11242

#CiteSoftware #TuringWay @kirstie_j
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– https://github.com/

alan-turing-institute/

CSV_Wrangling

– “Wrangling Messy 

CSV Files by 

Detecting Row and 

Type Patterns”

arXiv:1811.11242

#CiteSoftware #TuringWay @kirstie_j
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– https://github.com/

alan-turing-institute/

CSV_Wrangling

– “Wrangling Messy 

CSV Files by 

Detecting Row and 

Type Patterns”

arXiv:1811.11242
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https://the-turing-way.netlify.com/make/make.html
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No chapter 

on citing 

software….



– Check analysis on my 

phone

– Share the 

responsibility with 

busy PIs

– Requires version 

control, capturing 

environment and new 

build for each change
#CiteSoftware #TuringWay @kirstie_j
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Software as 

infrastructure

#CiteSoftware #TuringWay @kirstie_j
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Project Jupyter

– A community of people 

and an ecosystem of open 

tools and standards for 

interactive computing.

– Empower people to use 

other open tools.

– Slides by Chris Holdgraf

(thank you!)
https://doi.org/10.5281/zenodo.2747640
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Paying taxes is good

– We benefit from shared 

resources

– Some are so fundamental 

that we take them for 

granted

– We need them to get our 

jobs done

#CiteSoftware #TuringWay @kirstie_j
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https://www.gov.uk/government/publications/how-public-spending-

was-calculated-in-your-tax-summary/how-public-spending-was-

calculated-in-your-tax-summary



Academi-coin
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– Citations are academic 

currency (whether they 

should be or not!)

– They’re the best way 

we have to endorse 

good work.

– We should be citing 

the software we use.

#CiteSoftware #TuringWay @kirstie_j
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Next steps

#CiteSoftware #TuringWay @kirstie_j

https://doi.org/10.5281/zenodo.2783998



The humans are the 

hardest part of 

reproducibility and of 

software citation
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How can we change researchers’ behaviour?

– Handbook, a place to capture knowledge easily, 

no excuse that they didn’t know to/how

– Checklists, for researchers, PIs, funders and 

business team members

– Technology, to make it easy to cite the work

– Case studies, to show that it can be done

– Community, to advocate for change

#CiteSoftware #TuringWay @kirstie_j
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It takes a village

#CiteSoftware #TuringWay @kirstie_j

https://doi.org/10.5281/zenodo.2783998



#CiteSoftware #TuringWay @kirstie_j

https://doi.org/10.5281/zenodo.2783998

Rachael Ainsworth Louise Bowler

Sarah Gibson James Hetherington
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Patricia Herterich
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Rosie Higman Catherine Lawrence

Alex Morley Binder Team

Anna Krystalli

Martin O’Reilly



Thank you

– https://the-turing-way.netlify.com

– https://tinyletter.com/TuringWay

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

– https://gitter.im/alan-turing-institute/the-turing-way

– Unsplash photos by Freddy Castro, James Pond, Kinson Leung, 

Mateo Vrbnjak, Mimi Thian, Omar Albeik, Perry Grone, Toa Heftiba, 

Tomasz Frankows, Jonathan Brinkhorst, Eric Weber

– Noun Project icons by Aybige, Luis Prado, Edward Boatman, Becris, 

Rose Alice Design, Hyemm.work

#CiteSoftware #TuringWay @kirstie_j
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