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https://www.ub.uio.no/english/courses-events/courses/other/research-reproducibility/


Roadmap

• Some definitions 

• Open research and reproducibility

• Reproducible data acquisition, processing, analyses 

and reports/publications (with some useful tools)

• Take-aways

• Q&A time!



Reproducibility means 

obtaining the same results 

with the same data



Replicability means 

obtaining similar results 

with new data



Reproduced

results are consistent when following the same 

method and analysis steps with the same input 

data

https://www.nap.edu/catalog/25303

https://www.nap.edu/catalog/25303


Replicated

results are consistent across studies that answer 

the same research question, each of which has 

obtained its own data

https://www.nap.edu/catalog/25303

https://www.nap.edu/catalog/25303


Generalized

results apply in other contexts or populations 

that differ from the original one

https://www.nap.edu/catalog/25303

https://www.nap.edu/catalog/25303
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Based on: https://the-turing-way.netlify.app/reproducible-research/overview/overview-definitions.html

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


Reproducibility means 

obtaining the same results 

with the same data



Quantitative studies

computational reproducibility

Qualitative studies

process transparency



Quantitative studies

computational reproducibility

“obtaining consistent computational results using 

the same input data, computational steps, 

methods, code, and conditions of analysis”

https://www.nap.edu/catalog/25303

https://www.nap.edu/catalog/25303


Quantitative studies

computational reproducibility

Re-running analyses/code with the same data



Qualitative studies

process transparency

Arriving at similar (consistent) interpretation by 

following the same analysis process



Qualitative studies

process transparency

Following the step-by-step reasoning and 

interpretation process

https://blog.ukdataservice.ac.uk/show-me-the-data/

https://blog.ukdataservice.ac.uk/show-me-the-data/


Reproducibility is strongly 

associated with transparency



“Open Science has the 

potential of making the 

scientific process more 

transparent, inclusive

and democratic. It is (…) 

a true game changer in 

bridging the science, 

technology and innovation 

gaps and fulfilling the 

human right to science.”

https://youtu.be/I3Wkvx_ZaFo

https://www.unesco.org/en/natural-sciences/open-science

https://youtu.be/I3Wkvx_ZaFo
https://www.unesco.org/en/natural-sciences/open-science


Reproducible does not 

(have to) mean fully open



As open as possible, 

as closed as necessary



Making data, tools and 

analyses available is 

essential for reproducibility



But not sufficient!



Open but not usable





https://www.nature.com/articles/533452a

https://www.nature.com/articles/533452a


Reasons for irreproducibility:

• Unavailablility of materials, data and/or analyses

• Poor data management

• Unclear analysis specification

• Lack of documentation

• Errors in reporting numbers

• Lack of quality checking procedures

• Insufficient peer review



https://www.pnas.org/doi/full/10.1073/pnas.1708272114

https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-022-05942-3

https://www.pnas.org/doi/full/10.1073/pnas.1708272114
https://bmcresnotes.biomedcentral.com/articles/10.1186/s13104-022-05942-3


The Turing Way project illustration by Scriberia. Used under a CC-BY 4.0 licence. DOI: 10.5281/zenodo.3332807

https://doi.org/10.5281/zenodo.3332807


The right mindset means 

you are already halfway 

there



The Turing Way project illustration by Scriberia. Used under a CC-BY 4.0 licence. DOI: 10.5281/zenodo.3332807

https://doi.org/10.5281/zenodo.3332807


Reproducible research 

workflows

Data acquisition and processing

Data analyses

Data reports (manuscripts)



Data acquisition and 

processing

Data organization

Data documentation

Version control



Organized data

Research project with a proper data file structure. Image taken from CodeRefinery, Lesson on Reproducible Research. 

Shared under CC-BY 4.0.

https://coderefinery.github.io/reproducible-research/organizing-projects/

https://coderefinery.github.io/reproducible-research/organizing-projects/


Versioned data

Versioning refers to saving new 

copies of your files when you 

make changes so that later you 

can go back and retrieve specific 

versions of your files

https://pitt.libguides.com/managedata/organizingdata#s-lg-box-13287647

https://pitt.libguides.com/managedata/organizingdata#s-lg-box-13287647


Documented data: README-files

• The first file to open

• Map for navigating and exploring files and their content

• One README.txt file per folder

Source: Briney 2014, Wrapping Up A Project, http://dataabinitio.com/?p=344

http://dataabinitio.com/?p=344


• Explains all variables and their codes in the dataset

• It typically contains: 

- variable names, variable labels, variable codes, variable formats, missing 

data (in quantitative research) 

- codes, code definitions, examples of what to include with a given code (in 

qualitative research)

• Can be also called Data Dictionary

Documented data: CODEBOOK



Example

Sex: biological sex self-

reported by the participant

(0 – Female, 1 – Male)

Gender: self-reported

gender (0 – Female, 1 –

Male, 2 – Other)

Age: age in months at the

date of test (automatically

calculated in the system as 

the difference between the

date of test and the date of

birth)



• Cornell University template and guide to README.txt-files:

https://data.research.cornell.edu/content/readme

• README.txt-files from DataverseNO:

General template

Example for social sciences

Example for life sciences

Tools that help: Templates

https://data.research.cornell.edu/content/readme
https://drive.google.com/file/d/1RHl-D79tZWC3nJJPrnvcgIQDHgmuH2Mk/view?usp=sharing
https://drive.google.com/file/d/186iauQWcDPLAGd-Ks1XK4vQFpSqMyBo3/view?usp=sharing
https://drive.google.com/file/d/1ljK19U37F-iynqunygz6nQZVMnMkm60T/view


Take a look, make a copy, edit!

Template and examples

Tools that help: Templates

https://docs.google.com/document/d/1rakNVwL_C0qrQgxgfItUFZh2eubGTdLbbeKIY5vKSCE/edit?usp=sharing


Tools that help: Nettskjema codebook

https://www.uio.no/english/services/it/research/sensitive-data/help/create-nettskjema.html

https://www.uio.no/tjenester/it/adm-app/nettskjema/hjelp/kodebok.html

https://www.uio.no/english/services/it/research/sensitive-data/help/create-nettskjema.html
https://www.uio.no/tjenester/it/adm-app/nettskjema/hjelp/kodebok.html


Documentation is 

essential for reproducibility



"For my first work-related tweet of 2020, I 

am totally bummed to announce that we 

have retracted last year's paper on 

enzymatic synthesis of beta-lactams. The 

work has not been reproducible"

"It is painful to admit, but important to do 

so. I apologize to all. I was a bit busy 

when this was submitted and did not do 

my job well."

https://www.bbc.com/news/world-us-canada-50989423

https://www.bbc.com/news/world-us-canada-50989423


Electronic Lab Notebooks

help document research, experiments and procedures

performed in laboratories

Tools that help: ELN

https://www.usit.uio.no/om/organisasjon/itf/ds/task/task-bloggen/elektronisk-labjournal.html

https://www.usit.uio.no/om/organisasjon/itf/ds/task/task-bloggen/elektronisk-labjournal.html


https://www.ub.uio.no/english/courses-events/courses/other/research-data/

Courses in 
research data 
management and 
sharing

April 12th – 27rd 2023

https://www.ub.uio.no/english/courses-events/courses/other/research-data/


Data analysis

Step-by-step documentation

Version control

Cloud computing and/or containers



Raw data Processed 

data

Analyzed

data



Qualitative studies 

process transparency

Following the step-by-step reasoning and 

interpretation process

https://blog.ukdataservice.ac.uk/show-me-the-data/

https://blog.ukdataservice.ac.uk/show-me-the-data/


https://help-nv11.qsrinternational.com/desktop/concepts/about_annotations.htm

Tools that help: Annotations

https://help-nv11.qsrinternational.com/desktop/concepts/about_annotations.htm


https://qdr.syr.edu/ati

https://qdr.syr.edu/ati


https://www.princeton.edu/~amoravcs/library/ps.pdf

https://www.princeton.edu/~amoravcs/library/ps.pdf


Quantitative studies

computational reproducibility

Re-running analyses/code with the same data



Tools that help: analysis via code







Tools that help: version control

• Git: Free and open source 

version control system

• GitHub: is an internet hosting 

service for software development 

and version control using Git

https://git-scm.com/

https://github.com/

https://youtu.be/gY2JwRfin1M

https://youtu.be/gY2JwRfin1M


https://www.ub.uio.no/english/courses-events/courses/other/Carpentry/

https://www.ub.uio.no/english/courses-events/courses/other/Carpentry/


Learn, teach, and share digital skills 

and best practices

Be a part of an interdisciplinary 

community

Make use of and contribute to 

community-built teaching materials 

https://www.ub.uio.no/english/libraries/dsc/carpentry-uio/index.html

https://www.ub.uio.no/english/libraries/dsc/carpentry-uio/index.html


Tools that help: shared notebooks

https://jupyter.org/

https://jupyter.org/


Tools that help: shared notebooks

https://jupyter.org/

https://jupyter.org/


Language Static code analysis tool

Python Pylint, prospector

R lintr

Shell/Bash shellcheck

Language Formatter Tool

Python Black, yapf

R formatR

Shell/Bash ShellIndent

HTML Tidy

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

Tools that help: Quality check

https://pypi.org/project/pylint/
https://prospector.readthedocs.io/
https://github.com/jimhester/lintr
https://www.shellcheck.net/
https://black.readthedocs.io/
https://pypi.org/project/yapf/
https://yihui.org/formatr/
http://www.bolthole.com/AWK.html
http://tidy.sourceforge.net/
https://the-turing-way.netlify.app/reproducible-research/code-quality.html


Catching bugs. The Turing Way project illustration by Scriberia. Used under a CC-BY 4.0 licence. DOI: 10.5281/zenodo.3332807.
https://the-turing-way.netlify.app/reproducible-research/testing.html

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

Tools that help: Code review

https://doi.org/10.5281/zenodo.3332807
https://the-turing-way.netlify.app/reproducible-research/testing.html
https://the-turing-way.netlify.app/reproducible-research/reviewing.html


However…







https://jiayiwu.me/blog/2021/05/13/how-to-make-a-r-package-in-rstudio.html

https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png

https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png
https://nazca-design.org/wp-content/uploads/2017/04/python-modules.png


https://xkcd.com/

https://xkcd.com/


The script throws an 

error



https://www.nature.com/articles/s41597-022-01143-6

https://www.nature.com/articles/s41597-022-01143-6


Environment
Container



Containers capture

computational environments



…and make it easier to 

reproduce the results



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

Tools that help: Containers

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


https://codeocean.com/

https://codeocean.com/


Data reports (manuscripts)

Linked tables and analyses

Version control

Collaboration



Tools that help: R Markdown

https://rmarkdown.rstudio.com/

https://rmarkdown.rstudio.com/


Tools that help: R Markdown

Efficient

• everything in one place: write text, cite sources, tidy data, analyse, make tables, and plot it in one 

programme/screen

• re-do one, more, or all of these easily (e.g. if you need to make changes after peer-review such as 

excluding subgroups or observations)

• decrease the possibility of making mistakes in the process (the whole manuscript is updated 

throughout when you make a change in one place)

Flexible

• output to various formats, e.g., HTML, LaTeX, PDF, Word

Open access/source

• use for free (and get help from the user community)

• create documents accessible to anyone with a computer and internet connection

Adapted from: https://resulumit.com/teaching/rmd_workshop.html

https://resulumit.com/teaching/rmd_workshop.html


Tools that help: Quarto

https://quarto.org/

https://quarto.org/


Other tools

• Overleaf (collaborative LaTeX editor)

• HackMD (a realtime web-based collaborative Markdown editor)

• Manuscripts.io (a collaborative authoring tool that support scientific content and 
reproducibility)

• Rrtools (instructions, templates, and functions for making a basic compendium 
suitable for writing a reproducible journal article or report with R)

• Jupyter Notebooks (can be used for supplementary material with journal 
articles.

https://coderefinery.github.io/reproducible-research/organizing-projects/

https://www.overleaf.com/
https://hackmd.io/
https://www.manuscripts.io/
https://github.com/benmarwick/rrtools
https://jupyter.org/
https://coderefinery.github.io/reproducible-research/organizing-projects/


Reproducible research 

workflows

Data acquisition and processing

Data analyses

Data reports (manuscripts)



Take-aways

• Be transparent about your full research workflow: research 

questions, methods, data, step-by-step procedures and analyses

• Make sure you have good documentation for all outputs and all 

stages of your research process

• Keep track of versions and do a solid quality check of your 

methods, data and analyses 

• Verify your own work: try to reproduce your own results and/or have 

others do it 

• Make your methods, data and analyses open (if you can)



Thank you!
Questions?

Agata Bochynska, PhD

Open Research and Digital Scholarship Center 

University of Oslo Library

@AgataBochynska

agata.bochynska@ub.uio.no

Bochynska, A (2023). Reproducible research workflows.



https://www.norrn.no/

https://www.norrn.no/


https://www.ub.uio.no/english/libraries/dsc/open-repro-research/reproducibilitea/

https://www.ub.uio.no/english/libraries/dsc/open-repro-research/reproducibilitea/


https://www.ub.uio.no/english/courses-events/events/open-science-lunch/

https://www.ub.uio.no/english/courses-events/events/open-science-lunch/


https://www.ub.uio.no/english/libraries/dsc/

https://www.ub.uio.no/english/libraries/dsc/




https://www.ub.uio.no/english/libraries/dsc/

https://sympa.uio.no/ub.uio.no/subscribe/dsc-news/subscribe

https://www.ub.uio.no/english/libraries/dsc/
https://sympa.uio.no/ub.uio.no/subscribe/dsc-news/subscribe


More resources:

The Turing Way: Guide for Reproducible Research 

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

CodeRefinery: Reproducible Research 

https://coderefinery.github.io/reproducible-research/motivation/

https://the-turing-way.netlify.app/reproducible-research/reproducible-research.html
https://coderefinery.github.io/reproducible-research/motivation/

