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Background
● General awareness of rep(lica|roduci)bility issues, scientific vs. computational
● Open data doathon 2017 (107 notebooks then, 5505 now)
● JupyterCon talks

○ 2017: Postpublication Peer Review of Jupyter Notebooks Referenced in Articles on PubMed Central
■ Manual efforts at computational reproducibility do not scale

○ 2020: Jupyter in the Wikimedia ecosystem
■ Lots of interactions, but potential for more

○ 2020: Analyzing the use and reproducibility of Jupyter Notebooks using ReproduceMeGit
■ Computational reproducibility can be assessed in an automated fashion

● Dataset of A Large-scale Study about Quality and Reproducibility of Jupyter Notebooks
○ focus on notebooks from GitHub, not from research publications

● Ten simple rules for writing and sharing computational analyses in Jupyter Notebooks
○ useful, but no accompanying data

https://doi.org/10.5281/zenodo.7854503
https://markwoodbridge.com/2017/03/05/jupyter-reproducible-science.html
http://europepmc.org/search?query=jupyter%20OR%20ipynb
https://github.com/Daniel-Mietchen/events/blob/master/JupyterCon-2017.md
https://cfp.jupytercon.com/2020/schedule/presentation/248/jupyter-in-the-wikimedia-ecosystem/
https://cfp.jupytercon.com/2020/schedule/presentation/217/analyzing-the-use-and-reproducibility-of-jupyter-notebooks-using-reproducemegit/
https://doi.org/10.5281/zenodo.2592524
https://doi.org/10.1371/journal.pcbi.1007007
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Study design
● Search PubMed Central to get full text XML
● Parse XML to get repo/ notebook URLs & metadata
● Normalize the URLs
● Crawl GitHub repos for notebooks and requirements
● Install declared requirements
● Run notebooks, log errors and outputs
● Compare outputs to original runs
● Analyze errors
● Preprint: https://doi.org/10.48550/arXiv.2209.04308  
● Data: https://doi.org/10.5281/zenodo.6802158 
● Code: https://github.com/fusion-jena/computational-reproducibility-pmc  

https://doi.org/10.5281/zenodo.7854503
https://doi.org/10.48550/arXiv.2209.04308
https://doi.org/10.5281/zenodo.6802158
https://github.com/fusion-jena/computational-reproducibility-pmc
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Study design

https://doi.org/10.5281/zenodo.7854503
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Implementation
● Tech stack

○ Cloud infrastructure, i.e. a shared resource
○ Python scripts under conda environments

● Assumptions
○ Papers using Jupyter mention at least one of “Jupyter”/ “iPython” / “ipynb” as well as 

“GitHub”
■ this will miss non-GitHub repos, which are also on the rise
■ this might find repos by other authors

○ Notebooks are just mentioned, not cited
○ Mentions of GitHub repos can be normalized
○ Within a given GitHub repository, the default branch is the best one to mine
○ Python is representative for Jupyter notebooks in biomedical publications

https://doi.org/10.5281/zenodo.7854503
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Results

https://doi.org/10.5281/zenodo.7854503
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Results - general statistics about our corpus
● Articles 
● Repositories 
● Notebooks
● Languages
● Journals

https://doi.org/10.5281/zenodo.7854503
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Results - general statistics about notebooks in our corpus

https://doi.org/10.5281/zenodo.7854503
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Results - Trends

https://doi.org/10.5281/zenodo.7854503
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Dependencies of 
notebooks and
repositories

https://doi.org/10.5281/zenodo.7854503
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Notebook 
dependencies:
Python 
modules

Anaconda defaults:

● scikit-learn
● numpy
● matplotlib
● pandas
● …

https://doi.org/10.5281/zenodo.7854503
https://docs.anaconda.com/free/anaconda/reference/packages/pkg-docs/
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Results - Common issues

https://doi.org/10.5281/zenodo.7854503
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Completed executions by Python version

https://doi.org/10.5281/zenodo.7854503
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Results - characteristics of reproducible notebooks

https://doi.org/10.5281/zenodo.7854503
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Common style issues

● E: styling
● F: definitions
● W: deprecations

https://doi.org/10.5281/zenodo.7854503
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● Practical considerations
○ Dynamic data in an exponential growth phase
○ How much memory/ storage to allocate in advance?

■ used default allocation originally, now 128 GB RAM
○ How much time to allow for a re-run?

■ current one has been running for 1.5 months
○ Parallelization

■ none so far
■ also everything on CPU, no accommodation of GPUs/ TPUs

● Reviewer comment
○ code does not run

Self-replication

https://doi.org/10.5281/zenodo.7854503
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Error Fix (Commit)

External Dependency/ Deprecation error / Compatibility 
Error/ Dependency Conflicts

removed the deprecation parameter 'convert_unicode' 
(C1)
recent compatibility issue in setuptools (C9)
Added additional flag to ignore installed versions (C12)
Added additional flag for pip’s dependency resolver (C13)

Empty/Collection/Topic repository Added check for empty GitHub repository (C3)
Added check for a collection/topic GitHub url (C4)

Typo/Missing Checks Missing parenthesis (C7)
Change to correct directory for installation (C13)

Additional support Added support for new Python versions (C2, C10, C11)
Added support for Bioypthon library in requirements file 
(C8)
Moved all the installation instructions from the README 
file to conda-setup.sh file (C15)

Self-replication

https://doi.org/10.5281/zenodo.7854503
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/e5a6b8d6c84f77e79bcc850e1da172d9b4edcb0d
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/9de66d07372f3c947277ea1e3ae262b4241c87df
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/148b47f272abbb9de8cbbca4d0b7abc3c3a4e33b
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/005775b9131be24d3f0ff8da180d94a4a2d1ce2d
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/2ad86fa68a3b33fedfdf0bb030cb50e069afb0b9
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/ca439b65aba8f5fe80c7a15baa6d0afaf34f69ec
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/8f0b7b8887b45d895988ac38717e5031689318b5
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/005775b9131be24d3f0ff8da180d94a4a2d1ce2d
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/7ab7294acae5e93b53cbe1e89859cab581f8e489
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/ec4ccfe4a9487b993f4c0b79a08335893e55e0e3
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/29db9f4d603a7c767e7f1678660feb7d5afeb81c
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/e3c6b909b6d808e5bcbc96e3a8b2ef6f14aece54
https://github.com/fusion-jena/computational-reproducibility-pmc/commit/ba2124598f9ced7868f538f87460f69912380825
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Implications
● Computational reproducibility is a key element of scientific reproducibility
● Automatically assessed computational reproducibility is low
● Opportunities for

○ Scientific reproducibility
○ Learning/ teaching through errors and fixing them
○ Standardization

■ List dependencies at the top
■ Linking standards to sample problems they solve
■ Tooling, e.g. ReproduceMeGit

● Pick some low-hanging fruits, e.g.
○ notebooks had no declared dependencies
○ 504 notebooks were sorted out for duplicate cell numbers ⇒ check
○ identify point in publication process where replication should occur, and who is to do it
○ support Binder, and help scale it (see also poster by Fangohr et al.)

https://doi.org/10.5281/zenodo.7854503
https://doi.org/10.1007/978-3-030-80960-7_12
https://fosstodon.org/@ProfCompMod/110340039843986998
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Jupyter and Wikimedia
● Wikipedia

○ Jupyter notebooks as reliable references?

● Wikidata
○ Co-usage graph
○ Map of published Jupyter usage 

● JupyterHub instances
○ used to edit Wikimedia
○ opportunities for standardization

https://doi.org/10.5281/zenodo.7854503
https://scholia.toolforge.org/use/Q70357595#co-used
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Environmental footprint
● Simplified calculation: carbon footprint = energy needed * carbon intensity

(http://calculator.green-algorithms.org/)

○ At a runtime of 117 hours and 52 minutes and considering the local energy mix of the 
cluster, this gives a footprint of 16.05 kg CO2e

■ 1/3 of a flight Paris-London
■ 90 km in a passenger car

○ Caveats
■ We did not account for test runs, failed runs, our code development, hardware 

footprint, external code development, trips to JupyterCons.
■ The calculation is thus an underestimation/ lower boundary.

https://doi.org/10.5281/zenodo.7854503
http://calculator.green-algorithms.org/
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Recommendations
● Separate talk
● Existing recommendations are good but need to be

○ integrated into actual workflows
■ e.g. see Julynter

○ adapted to the role(s) of different stakeholders
○ expanded to take into account different types of dependencies

● Make notebooks citable
○ run them before citing

● Routinely re-run notebooks
○ both your own and those of others

● Monitor the environmental footprint

https://doi.org/10.5281/zenodo.7854503
https://doi.org/10.1007/s10664-021-09961-9
https://www.youtube.com/watch?v=gFltFSAmxOo
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How you can get involved
● How shall we share the dataset?
● How would you use it?

○ Which variables (article/ repo/ notebook etc.) to look at?
○ Research questions
○ Teaching/ learning opportunities

● What would be useful follow-ups?
● Anyone interested in helping turn this into a service? NumFOCUS?
● Who wants to do this for other languages?
● Would it be useful to publish reports about computational reproducibility?
● Would you like to publish such reports?

https://doi.org/10.5281/zenodo.7854503
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Merci! Danke! നന്ദി! धन्यवाद!

● 2017 doathon participants, Jupyter community, JupyterCons
● Pimentel et al., 2019 
● Carl Zeiss Foundation for the project “A Virtual Werkstatt for Digitization in 

the Sciences (K3)” 
● Alfred P. Sloan Foundation under grant number G-2021-17106. 
● Ara Cluster of Friedrich Schiller University Jena under DFG grants INST 

275/334-1 FUGG and INST 275/363-1 FUGG.

contact: daniel.mietchen@ronininstitute.org & sheeba.samuel@uni-jena.de 

🐧⇒🥚⇒🦜!

https://doi.org/10.5281/zenodo.7854503
https://github.com/sparcopen/open-research-doathon/issues/25
https://doi.org/10.5281/zenodo.2592524
mailto:daniel.mietchen@ronininstitute.org
mailto:sheeba.samuel@uni-jena.de
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Bonus slides
The following slides are here to facilitate anticipated discussion.

https://doi.org/10.5281/zenodo.7854503
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ORCID usage

https://doi.org/10.5281/zenodo.7854503
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Notebook titles containing the string “test”

https://doi.org/10.5281/zenodo.7854503
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Notebook title length

https://doi.org/10.5281/zenodo.7854503
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Notebooks 
with 
load 
extension 
modules

https://doi.org/10.5281/zenodo.7854503
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Runtime
exceptions
by 
article
type

https://doi.org/10.5281/zenodo.7854503
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Runtime
exceptions
by
journal
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