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what is reproducible research?

data

same different

analysis

same reproducible replicable

different robust generalisable

same analytic steps on the same 

dataset produces same answer

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

https://the-turing-way.netlify.app/reproducible-research/overview/overview-definitions.html
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why is it important?

➔ trust other's work and ensure continuity of research

➔ avoid misinformation

➔ easier collaboration and review

➔ more efficient analysis and manuscript writing

https://the-turing-way.netlify.app/reproducible-research/overview/overview-benefit.html#rr-overview-benefits

https://the-turing-way.netlify.app/reproducible-research/overview/overview-benefit.html#rr-overview-benefits
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barriers for reproducible research

requires 
additional skills

is not considered 
for promotion

publication bias 
towards novel 

findings

held to higher 
standards than 

others

support 
additional users

takes time

Kirstie Whitaker (2020). http://doi.org/10.5281/zenodo.3959180 
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The Turing Way

https://www.turing.ac.uk/

online guide to 

● reproducible
● ethical
● inclusive 
● collaborative 

data science
Programme Director 
for Tools, Practices 
and Systems

Dr. Kirstie Whitaker

https://www.turing.ac.uk/
https://twitter.com/kirstie_j?ref_src=twsrc%5Egoogle%7Ctwcamp%5Eserp%7Ctwgr%5Eauthor
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● an open source project 
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also...

● a community

The Turing Way

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

online collaboration cafés 
and community calls

book dash events

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

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

● Twitter: 
twitter.com/turingway

● Newsletter: 
tinyletter.com/TuringWay

● GitHub:
github.com/alan-turing-institute/the-turing-way

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

https://the-turing-way.netlify.app/welcome
http://twitter.com/turingway
http://tinyletter.com/TuringWay
http://github.com/alan-turing-institute/the-turing-way
https://tinyurl.com/jointuringwayslack


@martinagvilashttps://the-turing-way.netlify.app/reproducible-research/reproducible-research.html



@martinagvilashttps://the-turing-way.netlify.app/reproducible-research/reproducible-research.html



@martinagvilas

computational reproducibility



@martinagvilas

computational reproducibility



@martinagvilas

computational reproducibility

➔ share code and data



@martinagvilas

computational reproducibility

➔ share code and data

Hutson (2018) Artificial intelligence faces reproducibility crisis

https://www.researchgate.net/profile/Matthew-Hutson/publication/323243757_Artificial_intelligence_faces_reproducibility_crisis/links/5d3d3f6892851cd0468c5943/Artificial-intelligence-faces-reproducibility-crisis.pdf
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computational reproducibility

➔ share code and data

Pineau et al. (2021 )Improving Reproducibility in Machine Learning Research

https://www.jmlr.org/papers/volume22/20-303/20-303.pdf
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computational reproducibility

➔ share code and data

https://reprohack.github.io/reprohack-hq/

https://reprohack.github.io/reprohack-hq/
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● operating system

● installed software (and its version)

● hardware
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computational reproducibility

➔ use a version control system

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

● provides access to any specific version

- changes are recorded using snapshots

- distributed version control system

https://git-scm.com/doc

https://git-scm.com/doc
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computational reproducibility

➔ follow a code style guide

● set of conventions of how to format your code

● e.g.

✓ indentation
✓ comments
✓ imports
✓ naming

PEP 8
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computational reproducibility

➔ test the code
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➔ test the code

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

time, you should write tests because you are short on time”
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computational reproducibility

➔ make the project open source

● use a software hosting platform

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

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


@martinagvilas

computational reproducibility

➔ make the project open source

● use a software hosting platform

● add a license
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computational reproducibility

➔ make the project open source

● use a software hosting platform

● add a license

● provide community files

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

https://the-turing-way.netlify.app/reproducible-research/open/open-source.html
https://the-turing-way.netlify.app/reproducible-research/licensing.html
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computational reproducibility
➔ share code and data

➔ capture, make executable and share the computational environment

➔ use a version control system

➔ provide good documentation of how to reproduce the results

➔ follow a code style guide

➔ test the code

➔ make the project open source

➔ ETC!
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reproducibility in ML

Bouthillier et al. (2021). Accounting for Variance in Machine Learning Benchmarks.

https://proceedings.mlsys.org/paper/2021/file/cfecdb276f634854f3ef915e2e980c31-Paper.pdf
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Gundersen & Kjensmo (2019). Out-of-the-box Reproducibility: A Survey of Machine Learning Platforms.
https://www.cs.mcgill.ca/~ksinha4/practices_for_reproducibility/ 

tools

https://ntnuopen.ntnu.no/ntnu-xmlui/bitstream/handle/11250/2655335/IEEE_Systems_Supporting_Reproducibility-4.pdf?sequence=1
https://www.cs.mcgill.ca/~ksinha4/practices_for_reproducibility/
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logging

https://mlflow.org/docs/latest/tracking.html

https://mlflow.org/docs/latest/tracking.html
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packaging

https://mlflow.org/docs/latest/projects.html

https://mlflow.org/docs/latest/projects.html
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challenges

https://paperswithcode.com/rc2020
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https://github.com/paperswithcode/releasing-research-code/blob/master/templates/README.md
https://www.cs.mcgill.ca/~jpineau/ReproducibilityChecklist.pdf

checklists

https://github.com/paperswithcode/releasing-research-code/blob/master/templates/README.md
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beyond reproducibility

data

same different

analysis

same reproducible replicable

different robust generalisable

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

https://the-turing-way.netlify.app/reproducible-research/overview/overview-definitions.html
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model vs. instantiation of the model

 Bouthillier et al. (2019). Unreproducible research is reproducible.

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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model vs. instantiation of the model

 Bouthillier et al. (2019). Unreproducible research is reproducible.

what we try to estimate 

in science

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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model vs. instantiation of the model

 Bouthillier et al. (2019). Unreproducible research is reproducible.

"specific set of (trained) 

parameter values for a 

given model"

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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model vs. instantiation of the model

 Bouthillier et al. (2019). Unreproducible research is reproducible.

"useful as a probe to 

better understand a 

model"

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf


@martinagvilas

model vs. instantiation of the model

 Bouthillier et al. (2019). Unreproducible research is reproducible.

"Conclusions on a model that are limited to a 

single instance are very weak."

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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model vs. instantiation of the model

 Bouthillier et al. (2019). Unreproducible research is reproducible.

"Conclusions on a model that are limited to a 

single instance are very weak."

poor generalizability of scientific claim

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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≠ types of scientific claims

≠ types of generalizability checks
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≠ scientific aims

build a deep learning model that achieves best 
performance

DNN research
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≠ scientific aims

build a deep learning model that achieves best 
performance

DNN research

build a deep learning model to understand how the 
human brain implements cognitive functions

CCN research
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➔ how the brain computes information
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CCN mechanistic claim

➔ how the brain computes information

e.g. inspect:

1. network architecture

2. learning goal (objective function)

3. learning update rule

Richards et al. (2019). A deep learning framework for neuroscience. 

https://www.nature.com/articles/s41593-019-0520-2
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CCN representational claim

➔ what information is represented in the brain

e.g. dnn for feature generation

➔ how information is represented in the brain

e.g. representational geometries with RSA
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make the scientific claim very clear

 Bouthillier et al. (2019). Unreproducible research is reproducible.

1

2

3

determine which sources of variation should not affect the 
scientific claim

investigate the generalizability of the claim under those irrelevant 
conditions

steps for generalizability

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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 Bouthillier et al. (2019). Unreproducible research is reproducible.

1

2

3

determine which sources of variation should not affect the 
scientific claim

investigate the generalizability of the claim under those irrelevant 
conditions

steps for generalizability

→ e.g. recurrent connections are needed for human visual processing

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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make the scientific claim very clear

 Bouthillier et al. (2019). Unreproducible research is reproducible.

1

2

3

determine which sources of variation should not affect the 
scientific claim

investigate the generalizability of the claim under those irrelevant 
conditions

steps for generalizability

→ e.g. recurrent connections explain feedback mechanisms in visual cortex during 
visual segmentation tasks

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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make the scientific claim very clear

 Bouthillier et al. (2019). Unreproducible research is reproducible.

1

2
determine which sources of variation should not affect the 

scientific claim

investigate the generalizability of the claim under those irrelevant 
conditions

steps for generalizability

→ e.g. computational environment, initialization, test/train split, data order
→ task, dataset, objective function

3

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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make the scientific claim very clear

 Bouthillier et al. (2019). Unreproducible research is reproducible.
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➔ compute every variation, or randomize it

➔ average variations

➔ report distribution over variations

➔ use variations as observations for statistical analysis 

➔ systematically study how the behavior of the model changes

3 investigate the generalizability of the claim under those irrelevant 
conditions
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summary

1

2

3

4

5

further work is needed to ensure 
research reproducibility across 

scientific fields

reproducibility is more than sharing 
your code and data

use as many computational 
reproducibility tools as possible

but also think about replicable, 
robust and generalizable research

each scientific field has its own 
reproducibility and generalizability 

challenges, even if they use the same 
analytical tool
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● Twitter: twitter.com/turingway
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