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● cognitive neuroscience PhD student 

at Max-Planck-Institute AE, Germany

● core contributor of The Turing Way

● from Argentina

https://martinagvilas.github.io/
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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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● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code, data and model

✓ test the code

✓ make the project open source

tools for reproducible research



@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code, data and model

✓ test the code

✓ make the project open source

tools for reproducible research



@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code, data and model

✓ test the code

✓ make the project open source

tools for reproducible research



@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code, data and model

✓ test the code

✓ make the project open source

tools for reproducible research



@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code, data and model

✓ test the code

✓ make the project open source

tools for reproducible research

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

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


@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code, data and model

✓ test the code

✓ make the project open source

tools for reproducible research



@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code, data and model

✓ test the code

✓ make the project open source

tools for reproducible research

https://git-scm.com/doc

https://git-scm.com/doc


@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code and data

✓ test the code

✓ make the project open source

tools for reproducible research



@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code and data

✓ test the code

✓ make the project open source

tools for reproducible research



@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code and data

✓ test the code

✓ make the project open source

tools for reproducible research



@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code and data

✓ test the code

✓ make the project open source

tools for reproducible research

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

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


@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code and data

✓ test the code

✓ make the project open source

tools for reproducible research



@martinagvilas

● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code and data

✓ test the code

✓ make the project open source

tools for reproducible research

LICENSE.md

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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● sharing code and data is not enough

● we also need to:

✓ capture the computational environment

✓ use version control systems

✓ have good documentation of the code and data

✓ test the code

✓ make the project open source

✓ etc.

tools for reproducible research
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● open source project 

● community 

The Turing Way
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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
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results vary by, for example:

- hyperparameters

- random initialization

- train/test split

- dataset

- etc.

reproducibility in Deep Learning

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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results vary by, for example:

- hyperparameters

- random initialization

- train/test split

- dataset

- etc.

→ report all these in detail, keep them constant, or log their variation

reproducibility in Deep Learning
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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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tools for reproducible deep learning 

Gundersen & Kjensmo (2019). Out-of-the-box Reproducibility: A Survey of Machine Learning Platforms.
https://www.cs.mcgill.ca/~ksinha4/practices_for_reproducibility/ 

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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ML reproducibility challenges

https://paperswithcode.com/rc2020

https://paperswithcode.com/rc2020
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checklists for ML publications

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

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

same different

analysis

same reproducible replicable

different robust generalisable

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

beyond reproducible research

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.

beyond reproducible research

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.

beyond reproducible research

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.

beyond reproducible research

"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.

beyond reproducible research

"useful as a probe to 

better understand a 

model"

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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"Sources of variations such as the initialization should not be fixed. 

Conclusions on a model that are limited to a single instance are very 

weak."

beyond reproducible research

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

http://proceedings.mlr.press/v97/bouthillier19a/bouthillier19a.pdf
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"Sources of variations such as the initialization should not be fixed. 

Conclusions on a model that are limited to a single instance are very 

weak."

● all sources of variation kept constant → very poor generalizability of 

scientific claim

beyond reproducible research

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

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

beyond reproducible research

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

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

→ e.g. model A performs better than model B in visual segmentation tasks

beyond reproducible research

 Bouthillier et al. (2019). Unreproducible research is reproducible.
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1. make the scientific claim very clear

→ e.g. model A performs better than model B in visual segmentation tasks

2. ask yourself: which sources of variation should not affect this scientific 

claim?
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1. make the scientific claim very clear

→ e.g. model A performs better than model B in visual segmentation tasks

2. ask yourself: which sources of variation should not affect this scientific 

claim?

→ e.g. computational environment, initialization, test/train split, dataset

3. investigate the generalizability of the claim under those irrelevant 

conditions

beyond reproducible research

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

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

≠ types of generalizability checks

beyond reproducible research
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cognitive computational neuroscience (CCN)

Kriegeskorte & Douglas (2018). Cognitive Computational Neuroscience. 

● understand how the human brain implements cognitive functions

https://www.nature.com/articles/s41593-018-0210-5
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cognitive computational neuroscience (CCN)

Kriegeskorte & Douglas (2018). Cognitive Computational Neuroscience. 

● understand how the human brain implements cognitive functions

examples:

- perception

- attention

- memory

- problem solving

https://www.nature.com/articles/s41593-018-0210-5
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cognitive computational neuroscience (CCN)

● DNN research → build a deep learning model that achieves the best 

performance for a task or a task/dataset

● CCN research → build a neurobiologically plausible computational 

model that performs a cognitive tasks similarly to humans

Kriegeskorte & Douglas (2018). Cognitive Computational Neuroscience. 

https://www.nature.com/articles/s41593-018-0210-5
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cognitive computational neuroscience (CCN)

● DNN research → build a deep learning model that achieves the best 

performance for a task or a task/dataset

● CCN research → build a neurobiologically plausible computational 

model that performs a cognitive tasks similarly to humans

Kriegeskorte & Douglas (2018). Cognitive Computational Neuroscience. 

deep learning model

https://www.nature.com/articles/s41593-018-0210-5


@martinagvilas

deep learning modeling in CCN

Kietzmann et al. (2018). Deep Neural Networks in Computational Neuroscience.

https://www.biorxiv.org/content/10.1101/133504v2.full.pdf
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deep learning modeling in CCN

Kietzmann et al. (2018). Deep Neural Networks in Computational Neuroscience.

https://www.biorxiv.org/content/10.1101/133504v2.full.pdf
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types of deep learning modeling in CCN
● mechanistic model

▶ goal →  understand how the brain computes information

▶ e.g. inspect:

✓ network architecture

✓ learning goal (objective function)

✓ 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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● mechanistic model

● representational model

▶ goal → understand how information is represented in the brain
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types of deep learning modeling in CCN
● mechanistic model

● representational model

● decoding model

▶ goal → understand what information is used by the brain
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● mechanistic model

▶ network architecture

▶ learning goal (objective function)

▶ learning update rule

● representational model

● decoding model

generalizability of deep learning models in CCN
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generalizability of deep learning models in CCN

approaches for generalizability

Cooper & Guest (2013) Implementations are not specifications: Specification, replication and 
experimentation in computational cognitive modeling.
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approaches for generalizability

● computational experimentation → systematically manipulate sources of 

variation and study how the behavior of the model changes

Cooper & Guest (2013) Implementations are not specifications: Specification, replication and 
experimentation in computational cognitive modeling.



@martinagvilas

generalizability of deep learning models in CCN

approaches for generalizability

● computational experimentation → systematically manipulate sources of 

variation and study how the behavior of the model changes

● analyze multiple instantiations of the model

Mehrer et al. (2020). Individual differences among deep neural network models.

https://www.nature.com/articles/s41467-020-19632-w.epdf?sharing_token=CDXC8S1B9jFMkOtqpMGbgdRgN0jAjWel9jnR3ZoTv0McZkmUgdNqtcoLogyPFBZB6n3-5zNj2LxxBByRU-AjNwpmdO3aq71iiHtRGZRdfWFU1cFEV0LZC90MyEDhpkdBOwj843gaJDbhwWr7Xgj7xk5JsoCF8yHL0cuDz5wUe9c%3D
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generalizability of deep learning models in CCN

approaches for generalizability

● computational experimentation → systematically manipulate sources of 

variation and study how the behavior of the model changes

● analyze multiple instantiations of the model

● re-implement the model

Cooper & Guest (2013) Implementations are not specifications: Specification, replication and 
experimentation in computational cognitive modeling.
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generalizability of deep learning models in CCN

approaches for generalizability

● computational experimentation → systematically manipulate sources of 

variation and study how the behavior of the model changes

● analyze multiple instantiations of the model

● re-implement the model

● etc.



@martinagvilas

take home messages



@martinagvilas

● is important to ensure research reproducibility across scientific fields

● reproducibility is more than sharing your code and data

● many tools for ensuring and learning about reproducibility exist → get to 

know them!

● we should also go beyond reproducibility and think about 

generalizability

● each scientific field has its own reproducibility and generalizability 

challenges, even if the use the same analytical tool
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thank you!


