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REPRODUCIBILITY: 

WHY DOES IT MATTER? 
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(…) continues on the next slide
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Common to theses cases

• They were all peer reviewed papers

• Most of the problems were found by scientists 
trying to reproduce the research  

• Comments are usually sent to the editors, or 
published on the Web 

– PubPeer

– BioRxiv
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WHAT IS REPRODUCIBILITY? 
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What is Reproducibility? 

• There is no consensus 

• Scientists use slightly different definitions for 
reproducibility

• We will adopt one that seems to be well accepted
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Definition of Reproducible Experiment 
in Computational Science

• An experiment composed by a sequence of steps 
S that has been developed at time T, on 
environment (hardware and OS) E, and on data D 

is reproducible if it can be executed with a 
sequence of steps S’ (different or the same as S) at 
time T’ > T, on environment E’ (different or the 
same as E), and on data D’ (different or the same 
as D) with consistent results (R and R’ consistent)
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Definition of Reproducible Experiment 
in Computational Science

• This definition includes both exact reproducibility 

and approximate reproducibility

• Exact Reproducibility (a.k.a. repeatability): 
requires reproducing the exact same result 

– S’= S and E’= E and D’= D ⇒ R = R’

• Approximate Reproducibility: involves producing 
similar results as the original ones 

– S’≠ S or E’ ≠ E or D’ ≠ D ⇒ R ~ R’
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Reproduce x Replicate

• Reproduce: to execute the exact same 

experiment (same code, same data) in a different 
environment

• Replicate: independent investigators address a 
scientific hypothesis and build up evidence for or 
against it (different code, different data)
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Replication: not easy! 

• Depending on the type of the experiment, and the 
resources it requires, replication may be nearly 

impossible 

– May require lots of computing power

– May require access to big telescopes

– May require access to a particle accelerator

– May require decades of following up subjects (e.g. 
drug tests)

– …
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Reproducibility in 
Computational Science

“An attainable minimum standard for assessing the 
value of scientific claims, particularly when full 
independent replication of a study is not feasible”

“A result is said to be reproducible if another 
researcher can take the original code and input 

data, execute it, and re-obtain the same result.”
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PENG, R. Reproducible Research in Computational Science. Science. V. 443:1226-1227, 2011.
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The R* brouhaha

• For a program to contribute to science, it should 
be rerunnable (R1), repeatable (R2), reproducible 
(R3), reusable (R4), and replicable (R5)
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R1 - Rerunnable

• A rerunnable code is one that can be run again 
when needed

– It becomes intrinsically difficult as code ages 

– It implies we need knowledge of the original 
environment (E), access to the code (S) and data (D)

– S’= S and E’ ~ E and D’= D

– Note that nothing is said about the result
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Example: Random Walk (R0)
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Example: Random Walk (R0)
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Environment info is unknown. 
Does it work on any Python version?  

BENUREAU, F., ROUGIER, N. Re-run,  Repeat, Reproduce, Reuse, Replicate: Transforming Code into Scientific Contributions. 

Frontiers in Neuroinformatics. V.11, article 69, 2018. 



Example: Random Walk (R0)
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xrange and print are deprecated in Python 3

BENUREAU, F., ROUGIER, N. Re-run,  Repeat, Reproduce, Reuse, Replicate: Transforming Code into Scientific Contributions. 
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Example: Rerunnable 
Random Walk (R1)
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Example: Rerunnable 
Random Walk (R1)
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Environment info
Scientist is responsible 

for keeping this info

BENUREAU, F., ROUGIER, N. Re-run,  Repeat, Reproduce, Reuse, Replicate: Transforming Code into Scientific Contributions. 
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Repeatable (R2)

• A repeatable code is one that can be rerun and 
that produces the same result on successive runs

– Program needs to be deterministic

– Control the initialization of pseudo-random number 
generators

– Previous results need to be available (so it is possible 
to compare with current results)

– S’= S and E’~ E and D’= D and R = R’
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Example: Repeatable Random Walk (R2)
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Example: Repeatable Random Walk (R2)

Random seed initialization

Save output to allow 
comparing different runs

(again scientist is responsible 
for recording provenance)

BENUREAU, F., ROUGIER, N. Re-run,  Repeat, Reproduce, Reuse, Replicate: Transforming Code into Scientific Contributions. Frontiers in 

Neuroinformatics. V.11, article 69, 2018. 
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Initialization of Random Seeds

• Verifying that the qualitative aspects of the results 
and the conclusions that are made are not tied to 

a specific initialization of the pseudo-random 

generator is an integral part of any scientific 
undertaking in computational Science

• This is usually done by repeating the simulations 

multiple times with different seeds

Vanessa Braganholo E-Science 31

BENUREAU, F., ROUGIER, N. Re-run,  Repeat, Reproduce, Reuse, Replicate: Transforming Code into Scientific Contributions. 

Frontiers in Neuroinformatics. V.11, article 69, 2018. 



Reproducible (R3)

• A result is said to be reproducible if another 

researcher can take the original code and input 
data, execute it, and re-obtain the same 

(compatible) result

• An R2 program will not necessarily produce the 
same results all the time over different execution 

environments

• S’= S and E’ = E and D’= D and R ~ R’
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Example: Repeatable Random Walk (R2)

Due to a change  that occurred 
in the pseudo-random number 
generator between Python 3.2 
and Python 3.3, executing this 

code in Python 3.3 will NOT 
generate the same results when 

compared to the Python 3.2 
execution

BENUREAU, F., ROUGIER, N. Re-run,  Repeat, Reproduce, Reuse, Replicate: Transforming Code into Scientific Contributions. Frontiers in 

Neuroinformatics. V.11, article 69, 2018. 
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Repeatable Random Walk Example 
is not reproducible

• Executed with Python 2.7–3.2, the code will 
produce the sequence 

−1, 0, 1, 0, −1, −2, −1, 0, −1, −2

• But with Python 3.3–3.6, it will produce 

−1, −2, −1, −2, −1, 0, 1, 2, 1, 0

• With future versions of the language, it may 
change still
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Reproducibility (R3)

• Executability (R1) and determinism (R2) are 
necessary but not sufficient for reproducibility

• The exact execution environment used to 
produce the results must also be specified
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Reproducibility (R3)

• Having environment info is not enough

– In our example, should the code change after the 
production of the results, someone provided with the 
last version of the code will not be able to know 

which seed was used to produce the results

– Result files should come alongside their context, i.e., 
an exhaustive list of the parameters used as well as a 
precise description of the execution environment

– The code itself is part of that context: the version of 
the code must be recorded
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Example: Reproducible Random Walk (R3)
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Use git to keep track of code 
versions
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Test for reproducibility
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Record environment 
with output data



Quick Recap

• Reproducibility implies re-runnability and 
repeatability and availability, yet imposes 
additional conditions

• Dependencies and platforms must be described as 
precisely and as specifically as possible

• Parameters values, the version of the code, and 
inputs should accompany the result files 

• The data and scripts behind the graphs must be 

published
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Reusability (R4)

• Making your program reusable means it can be 
easily used, and modified, by you and other 
people, inside and outside your lab

• The easier it is to use your code, the lower the 
threshold is for other to study, modify and extend 
it 

– This implies it should be well documented! 
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Reusability (R4)

• Scientists constantly face the constraint of time 
– if a model is available, documented, and can be installed, 

run, and understood all in a few hours, it will be preferred 
over another that would require weeks to reach the same 
stage 

• A reproducible and reusable code offers a platform 
both verifiable and easy-to-use, fostering the 
development of derivative works by other 
researchers on solid foundations

• Those derivative works contribute to the impact of 

your original contribution (citations!!)
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Reusability (R4)

• Reusability is not as indispensable a requirement 
as re-runnability, repeatability, and reproducibility

• But it can contribute to strengthen reproducibility 
and re-runnability over the long-term
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Example: Reusable Random Walk (R4)
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Tips for Producing Reusable Code

• Avoid hardcoded or magic numbers

• Magic numbers are those present directly in the 
source code (no name, no semantics)

• Hardcoded values are variables that cannot be 
changed through an argument or a parameter 
configuration file 

• In the R3 Random Walk example, the seed is 
hardcoded, and the number of steps is a magic 
number

50
BENUREAU, F., ROUGIER, N. Re-run,  Repeat, Reproduce, Reuse, Replicate: Transforming Code into Scientific Contributions. Frontiers in 

Neuroinformatics. V.11, article 69, 2018. 



Tips for Producing Reusable Code

• Code behavior should not be changed by 
commenting/uncommenting code

• Instead, it should be explicitly set through 
parameters that are accessible to the end user

• This improves reproducibility in two ways
– it allows those conditions to be recorded as 

parameters in the result files, and

– it allows to define separate scripts to run or 
configuration files to load to produce each of the 
figures of the published paper
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Replicability (R5)

“the replication of important findings by multiple 

independent investigators is fundamental to the 
accumulation of scientific evidence”
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Replicability (R5)

• Replicability is the implicit assumption that an 
article that does not provide the source code 
makes: that the description it provides of the 
algorithms is sufficiently precise and complete to 
re-obtain the results it presents

• Replicating implies writing a new code matching 
the conceptual description of the article, in order 
to obtain the same (compatible) results

• S’≠ S and (E’ ≠ E or D’ ≠ D) ⇒ R ~ R’
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Replicability (R5)

• Replication affords robustness to the results

– should the original code contain an error, a different 
codebase creates the possibility that this error will not 
be repeated
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Replicability (R5)

• Every paper is a mistake or a forgotten parameter 
away from irreplicability

• Replication efforts use the paper first, and then 
the reproducible code that comes along with it 
whenever the paper falls short of being precise 
enough
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Summary

Re-run (R1)

• S’= S and
• E’~ E and

• D’= D

Repeat (R2)

• S’= S and
• E’~ E and

• D’= D and

• R = R’

Reproduce (R3)

• S’= S and
• E’ = E and

• D’= D and

• R ~ R’

Reuse (R4)

• Document
• Avoid 

hardcoded 
or magic 
numbers

• Use 
parameters

Replicate (R5)

• S’≠ S and

• (E’ ≠ E or D’ 

≠ D) and

• R ~ R’
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Same (Compatible) Output

Same Environment
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Summary

Re-run (R1)

• S’= S and
• E’~ E and

• D’= D

Repeat (R2)

• S’= S and
• E’~ E and

• D’= D and

• R = R’

Reproduce (R3)

• S’= S and
• E’ = E and

• D’= D and

• R ~ R’

Reuse (R4)

• Document
• Avoid 

hardcoded 
or magic 
numbers

• Use 
parameters

Replicate (R5)

• S’≠ S and

• (E’ ≠ E or D’ 

≠ D) and

• R ~ R’
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Minimum 
Scientific 
Standard



But we are not there yet…

• Reproducibility is still not the norm for 
computational experiments 

• Scientists argue that it is time-consuming to 
create reproducible experiments

• Usability is an important requirement for a 
broader adoption of reproducibility 

• “An independent user should be able to 
reproduce the results with a single mouse click”
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Making Reproducibility Easier

• Scientist should focus on research rather than 
making their code capture its own provenance  

• There are several tools to easy reproducibility 

– noWorkflow, Sumatra, Reprozip, etc.

• Improvements still needed to make them “one 
mouse click away from reproducibility” 
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CAUSES OF NON-REPRODUCIBLE

RESULTS 
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p-hacking

SIMONSOHN, U., NELSON, L., SIMMONS, J. P-Curve: A Key to the File-Drawer. Journal of Experimental Psychology: General. V. 143(2):534-547, 2014.

Vanessa Braganholo E-Science 62



63
MUNAFÒ, M. et al. A manifesto for reproducible science. Nature Human Behaviour. V. 1: article 21, 2017.



64
MUNAFÒ, M. et al. A manifesto for reproducible science. Nature Human Behaviour. V. 1: article 21, 2017.



Incentives

• ACM SIGMOD Most Reproducible Paper Award

• ACM SIGMOD Labels
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Incentives

• ICSE “Artifacts Evaluated Reusable” 
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Incentives

• Reproducibility Section of Information Systems 
Journal

– https://www.elsevier.com/journals/information-
systems/0306-4379/guide-for-authors  
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Incentives
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