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Public sources

Å Distributed

Å Heterogeneous

Å Network

> 1,500 (NAR)
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Tools Python

JAVAScripts

Web services

WorkspaceHow the data 
(result) have been 
obtained? Which 
exact input data? 

Which tools? Which 
parameter settings?

Tools - Scripts

Å Distributed

Å Heterogeneous

> 23,000 ( bio.tools)

Analysis pipelines
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Ą Nature
checklist

Ą Science
requirements 
for data and 
code 
availability
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}Empirical reproducibility
Ådetailed information about non -computational empirical 

scientific experiments and observations

ÅIn practice this is enabled by making data freely available, 
as well as details of how the data was collected.

}Statistical reproducibility
Ådetailed information about the choice of statistical tests, 

model parameters, threshold values, etc.

ÅThis relates to pre-registration of study design to prevent 
p-value hacking and other manipulations.

}Computational reproducibility
Ådetailed information about data sets, code, software, 

hardware and implementation details

ĄGoal: document how data has been produced

V. Stodden
et al.
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The Reproducibility Crisis 

Levels of Reproducibility

Elements of solutions for reproducibility & 
reuse

Current Actions
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3 ingredients to track

}Tools used / code pipeline specification
ÅVersion of black/grey boxes

ÅVersion of (possibly open source) code

}Computational environment pipeline environment
ÅMany dependencies - libraries used ++

ÅDifferent behavior on different OS

}Data and parameters used at run time 

pipeline execution
ÅBiological data change a lot

ÅTools have an increasing number of parameters
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Replicate
ÅVariation allowed in the 

pipeline, execution setting, 
environment

ÅSimilar output

Ą Aim = robustness

3 ingredients
Pipeline (Specification)

Chained Tools 

Pipeline Execution

Input data and parameters

Environment

OS/librairies é

Repeat
ÅRedo: exact samecontext

ÅSamepipeline, execution
setting, environment

ÅIdentical output 

ĄAim = proof for reviewersJ
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Reproduce
ƁSamescientific result

ƁBut the meansusedmay be
changed

ƁDifferent pipelines, execution
setting, environment

ƁDifferent output but in 
accordance with the result

Reuse
ƁDifferent scientific result

ƁUse of tools/é designed in 
another context

Reproducibility as a 
necessary condition for 
Reuse
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The Reproducibility Crisis 

Levels of Reproducibility

Elements of solutions for reproducibility & 
reuse

Current Actions
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A large part of the solution lies in

}Providing (Opening) source code

}Using versioning code, collaborative development

}Using solutions for tracking the dev environment (popular in 
bioinformatics : Singularity , Docker ïcontainers) ïGUIX? J

Someproblems still occuré

}No clear distinction between stepsof the analysis
Åpieceof codes, methods/ functions

é and execution of the analysis
Ådata sets usedas inputs and then produced

}Major stepsof the analysis may be difficult to get

}No solution for data management
ÅNaming convention for produced files, storage...

Difficult to 
share, 
exchange 
and reuse
(repurpose)
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SWFS = ñData analysispipeline ò 

Data flow driven

Encapsulation of scripts

Modularity

WF specification: connected tools stepsof the analysis

Snakemake, 
Nextflow , 
Galaxyé


