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What is reproducible research?
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Definition: The Turing Way

https://the-turing-way.netlify.app/reproducible-research/overview/overview-definitions.html
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Reproducibility vs. replicability
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reproducibility replicability

B1

B2

A

same data + 
code

same data + 
code

collect new 
data

collect new 
data

National Academies of Sciences Engineering (Chapter 3, p.4)

https://doi.org/10.17226/25303
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Reproducibility vs. replicability
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reproducibility replicability

B1

B2

A

same data + 
code

same data + 
code

collect new 
data

collect new 
data

signal processing, scientific computing, econometry, 
epidemiology, clinical studies, internal medicine, 

(neuro)physiology, computational biology, biomedical 
research, statistics

microbiology, immunology (FASEB), computer science 
(ACM)

political science, economics

National Academies of Sciences Engineering (Chapter 3, p.4)

https://doi.org/10.17226/25303
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What is reproducibility?

“Computational scientists generally use the term reproducibility 
to answer just the first question—that is, reproducible research 
is research that is capable of being checked because the data, 
code, and methods of analysis are available to other 
researchers. The term reproducibility can also be used in the 
context of the second question: research is reproducible if 
another researcher actually uses the available data and code
and obtains the same results. The difference between the first 
and the second questions is one of action by another 
researcher; the first refers to the availability of the data, code, 
and methods of analysis, while the second refers to the act of 
recomputing the results using the available data, code, and 
methods of analysis.”
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National Academies of Sciences Engineering

https://doi.org/10.17226/25303
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What is reproducibility?
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Data and code are 
available

Someone actually 
uses them
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Same data, same analysis 
– why should it be hard to 

get the same results?!
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_________



im Menü über: 
Start > Absatz > Listenebene 

Reproducibility is hard
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Obels et al., 2022

https://doi.org/10.1177/2515245920918872
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Reproducibility is hard
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Obels et al., 2022

62 
registered 

reports

36
with data 

+ code

31
scripts could 

be run

21
results 

reproduced

https://doi.org/10.1177/2515245920918872
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Reproducibility is hard

Chang & Li (2015)
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http://dx.doi.org/10.17016/FEDS.2015.083
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But why?
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_________
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Step 1: Access data and code
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Chang & Li (2015)

39 
data + code 

required

28
data + code 
not required

-4 proprietary data-2

-6 missing data/code-15 After emailing 
the authors!

http://dx.doi.org/10.17016/FEDS.2015.083
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Step 2: Run the code
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Try to run code with instructions only first. 
If necessary, ask authors for help.

Chang & Li (2015)

http://dx.doi.org/10.17016/FEDS.2015.083
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Step 2: Run the code
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Chang & Li (2015)

39 
data + code 

required

28
data + code 
not required

-4 proprietary data-2

-6 missing data/code-15 After emailing 
the authors!

-1 missing software-1

http://dx.doi.org/10.17016/FEDS.2015.083
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Step 2: Run the code
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Chang & Li (2015)

http://dx.doi.org/10.17016/FEDS.2015.083
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Proprietary software
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… prevents people who don’t have access from 
running your code.
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Proprietary software
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Different versions = different results
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http://neuroskeptic.blogspot.com/2012/06/brains-are-different-on-macs.html

http://neuroskeptic.blogspot.com/2012/06/brains-are-different-on-macs.html
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Different versions = different results
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http://neuroskeptic.blogspot.com/2012/06/brains-are-different-on-macs.html

http://neuroskeptic.blogspot.com/2012/06/brains-are-different-on-macs.html
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Software can be tricky
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https://www.nature.com/articles/d41586-021-02211-4

https://www.nature.com/articles/d41586-021-02211-4
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Software can be tricky
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Step 2: Run the code

27.09.2022 Juli Nagel | RG Psychology and Neurobiology of Sleep and Memory 22

Chang & Li (2015)

39 
data + code 

required

28
data + code 
not required

-4 proprietary data-2

-6 missing data/code-15 After emailing 
the authors!

-1 missing software-1

-5 incorrect data/code-4

http://dx.doi.org/10.17016/FEDS.2015.083
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Step 3: Same results?
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Chang & Li (2015)

A (deliberately) lenient definition of “same”.

Unfortunately, the authors don’t distinguish between 
“different results” and “code execution failed”.

http://dx.doi.org/10.17016/FEDS.2015.083
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Final count
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Chang & Li (2015)

39 
data + code 

required

28
data + code 
not required

-4 proprietary data-2

-6 missing data/code-15 After emailing 
the authors!

-1 missing software-1

-5 incorrect data/code-4

23 (58.97%)
reproduced

6 (21.43%)
reproduced

http://dx.doi.org/10.17016/FEDS.2015.083


im Menü über: 
Start > Absatz > Listenebene 

27.09.2022 Juli Nagel | RG Psychology and Neurobiology of Sleep and Memory 25

“But it works on my machine.”

Assumption: Most researchers publish code that 
works – for them.

(Or at least it did at some point).
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Solutions?
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_________
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Disclaimer

• Here are a few things that can improve 
reproducibility (by no means a complete list).

• They may be more or less relevant for you, 
depending on your field.

• Depending on your background, some tools might 
take a while to master.

• Some things cost quite some time, at least initially.

• You don’t have to implement everything!
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Make data and code 
available
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_________
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Disclaimer: Data protection etc.

• Make sure you have permission to share the 
data.

• Beware: Even anonymous data might be used 
to identify people.

• Especially tricky: genetical data, imaging (e.g. 
brain) data, medical data, small (rare) samples

• That’s a whole different topic we won’t talk 
about here!
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Where to put things?!
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• Sometimes, journals allow/want you to upload data 
and code.

• Sometimes, you find data/code on personal/institute 
websites.

• Better: Data repositories

• Offers a DOI?

• Independent/safe?

• If relevant storage in Germany/the EU?

• E.g.: OSF, ZPID (psychology)

https://osf.io/
https://leibniz-psychology.org/
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DOCUMENTATION!
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Will help others to work with your 
data and code – including your 
future self.
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DOCUMENTATION
Data

• How were the data collected?

• Which task, how were the data recorded, which 
sample, where, by whom, part of which paper … ?

• Codebook

• Which variables?

• What are valid values? (e.g. age in years; “How 
happy are you” on a scale from 1 (“not at all”) to 
10 (“very”)

• How are missing values coded? 
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DOCUMENTATION
Data

Good: In a table - human and machine readable
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https://stats.oarc.ucla.edu/spss/faq/how-can-spss-help-me-document-my-data/

https://stats.oarc.ucla.edu/spss/faq/how-can-spss-help-me-document-my-data/
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DOCUMENTATION
Data

• Best use a “lightweight” file format (.csv or 
.txt)

• Here is a very thorough guide: Horstmann et 
al. (2020)
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https://doi.org/10.1027/1015-5759/a000620
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“Self-documenting” data

• Descriptive column names.

• Bad: item1, column12, sumscore, test

• Good: bdi1, bdi_sumscore, age_category

• Don’t use spaces or “weird” characters

• Clear, consistent labels, e.g.

• E.g. 0 = no, 1 = yes for entire data set

• Maybe: Provide a raw and a “clean” version 
of your data set
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DOCUMENTATION
Data
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Towse et al. (2021)

https://doi.org/10.1080/00224545.2021.1938811
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DOCUMENTATION
Code

• Report which versions you used (operating system, software 
and packages!)

• Provide a README file how the code should be handled, e.g. 
in which order the files need to be run.

• Write comments in your code to explain what’s happening
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“Good code is self-documenting”
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Reddit

https://www.reddit.com/r/ProgrammerHumor/comments/cavhjj/then_just_used_a_documentation_generator/
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“Good code is self-documenting”
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article link

https://hackaday.com/2019/03/05/good-code-documents-itself-and-other-hilarious-jokes-you-shouldnt-tell-yourself/
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DOCUMENTATION
Code

• Write comments (balance between helpful explanations and 
“wall of text”

• Organise your code: Divide different parts into different 
scripts, draw repetitive elements into functions, use headings 
etc.
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• Use descriptive 
variable names, e.g. 
min_age, 
ttest_rt_gender, 
alpha_level

Twitter

https://twitter.com/gottapatchemall/status/1334628520165658631?lang=en


im Menü über: 
Start > Absatz > Listenebene 

DOCUMENTATION
Code

• Familiarise yourself with style guides
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Explain xkcd

https://www.explainxkcd.com/wiki/index.php/1513:_Code_Quality


im Menü über: 
Start > Absatz > Listenebene 

And if I don’t use code?
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• SPSS syntax/Excel functions is fine!

• Reduce the amount of manual 
interaction with the data.

• But maybe you’ll enjoy coding?
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“But it works on my machine.”

Be mindful of the things that are unique to your 
computer.
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Absolute paths
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Only exists on 
my computer!

Find the data in the folder 
“config” that lies in the same 
folder as my analysis script.
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How to increase reproducibility
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If possible, switch to free software.
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How to increase reproducibility
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Test you analysis on a colleague’s computer.
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More advanced 
stuff
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_________
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Version Control
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_________



im Menü über: 
Start > Absatz > Listenebene 

Version Control

• Keep track of what changed in your code.

• If necessary, go back to a previous version.
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Version Control
git
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Get git here

visit GitHub

https://git-scm.com/downloads
https://github.com/
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Version Control
GitHub
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Projects organised 
in repositories

Nice record of how much 
code you’ve contributed
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Version Control
GitHub
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Different branches for “parallel 
versions” of your code

Keep track of all changes 
(“commits”) you’ve made

A list of all the files your 
project contains.
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Version Control
GitHub
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ID of your commit – you can always go 
back or refer to a previous commit!

Description of what you’ve 
changed and when.
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Version Control
GitHub
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ID of your commit – you can always go 
back or refer to a previous commit!

How many files 
changed, how 

much was 
added/deleted.

Highlights which lines of code 
have been added/deleted. 

(Here: only one line deleted.)
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Version Control - Collaboration
GitHub
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Who contributed how much 
code and when?
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Version Control - Collaboration
GitHub
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Work on the code in  your own 
repository/branch and then ask for your 
changes to be implemented in the main 

repository/branch.

Highlights what has been 
changed/deleted in your 

version.
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Version Control - Collaboration
GitHub
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Report bugs or request 
features in the “issues” 
section of a repository.
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Containers
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_________
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Code Containers
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Your code 
(scripts etc.)

Software
In whatever version 

you used (e.g. R 3.6.1)

packages
In whatever version 

you used (e.g. ggplot2 
3.2.1)

@agenlaku from unsplash

https://unsplash.com/photos/D0FWHT-eW_I
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Code Containers
E.g. CodeOcean
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https://codeocean.com/capsule/0399419/tree/v2

https://codeocean.com/capsule/0399419/tree/v2
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Code Containers
E.g. CodeOcean
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https://codeocean.com/capsule/0399419/tree/v2

Files in your 
capsule.

README to describe 
your capsule.

Run the code 
capsule online.

Keep track of 
different versions.

Output of the 
latest version.

You can add a 
license if you want.

https://codeocean.com/capsule/0399419/tree/v2
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Code Containers
E.g. CodeOcean
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Software used

Packages for data 
analysis and 

creating the slides 
of my presentation
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Code Containers
e.g. CodeOcean

• Runs entirely online.

• A bit clunky to use.

• You need to pay for more computational time.

• Probably not suitable if you thoroughly want 
to look at the code.
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Code Containers
under the hood: Docker
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A Docker file 
might look a bit 
intimidating at 

first.
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Code Containers
Docker
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• Widely used for 
containerisation.

• Let’s you run different 
operating systems with 
different software versions on 
your computer.

• Different pre-configured 
“images” are available.

• https://www.docker.com/

• Tutorial for beginners for R

• Learning curve might be steep!

https://www.docker.com/
https://colinfay.me/docker-r-reproducibility/
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More lightweight
e.g. renv

• Local environment for R

• Stores the packages you used in your project (the versions 
you’ve used)
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https://rstudio.github.io/renv/articles/renv.html

https://rstudio.github.io/renv/articles/renv.html
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More lightweight
e.g. renv

• Local environment for R

• Stores the packages you used in your project (the versions 
you’ve used)
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https://rstudio.github.io/renv/articles/renv.html

https://rstudio.github.io/renv/articles/renv.html
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More lightweight
e.g. renv

• Local environment for R

• Stores the packages you used in your project (the versions 
you’ve used)
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https://rstudio.github.io/renv/articles/renv.html

Others can recreate my 
package library by running 

renv::restore()

Lets me know a 
local package 

library has been 
loaded using renv.

renv folder with all the 
relevant 

files/information about 
my local library.

https://rstudio.github.io/renv/articles/renv.html
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Code Containers
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• Problem: Steep learning curve

• Most solutions put a least some burden 
on the recipient of your code
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Reproducible 
manuscripts
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_________
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Traditional manuscripts
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Reproducible manuscript
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Why reproducible manuscripts?
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Feld et al. (2013), Sleep
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Why reproducible manuscripts?
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Feld et al. (2013), Sleep
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Why reproducible manuscripts?
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Feld et al. (2013), Sleep
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Reproducible manuscripts
Examples
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Reproducible manuscripts
Examples
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Reproducible manuscripts
Examples
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Function that prints a 
t-test from the R 
package prmisc

https://github.com/m-Py/prmisc
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Reproducible manuscripts
Examples
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Styling tables with 
kableExtra

https://cran.r-project.org/web/packages/kableExtra/vignettes/awesome_table_in_html.html
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Reproducible manuscripts
Examples
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Reproducible manuscripts
Examples
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Reproducible manuscripts
Examples
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A single (additional) 
line of code in ploty!

https://plotly.com/r/getting-started/
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Reproducible manuscripts
Examples
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Reproducible manuscripts
Examples
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Reproducible manuscripts
Examples
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Not just for R!

• Quarto supports multiple languages, e.g. Python, R, Julia, and Observable.

• Loads of different output formats with the same code (html, pdf, 
presentations etc.).
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The future?
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The future?
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im Menü über: 
Start > Absatz > Listenebene 

Template for papers
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E.g. “papaja: Prepare APA Journal Articles with R Markdown”

https://github.com/crsh/papaja


im Menü über: 
Start > Absatz > Listenebene 

HOWEVER …
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im Menü über: 
Start > Absatz > Listenebene 

It’s never that easy
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• Especially when rendering PDFs (likely 
using a Latex engine), you run into all 
sort of error messages that are 
sometimes very frustrating to debug.



im Menü über: 
Start > Absatz > Listenebene 

Collaborative writing
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There is no real equivalent of the “track changes” in Word that many 
people use. We use GitHub as a substitute, but that requires that all 
people involved know how to use reproducible manuscripts and GitHub …



im Menü über: 
Start > Absatz > Listenebene 

Downsides?
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_________



im Menü über: 
Start > Absatz > Listenebene 

Discussion: Do we need 
reproducibility?
(Or rather: Is it worth the effort?)
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_________



Thank you. Stay reproducible.

juliane.nagel@zi-mannheim.de


