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Agenda

1. Framing Notions of Reproducibility 

2. A Collective Action Problem: Example Responses 

3. Responses 2: Tools 

4. Responses 3: Policy 

5. Developing Best Practices



The Impact of Technology I
1.  Big Data / Data Driven Discovery: 
high dimensional data, p >> n, 

2.  Computational Power: simulation 
of the complete evolution of a 
physical system, systematically 
varying parameters, 

3.  Deep intellectual contributions 
now encoded only in software.  The software contains “ideas  

that enable biology...” 
Stories from the Supplement, 2013



The Impact of Technology II
1.Communication: nearly all aspects of research 
becoming digitized and accessible due to the Internet. 

• myriad examples.. including the Open Access 
movement. 

2.Intellectual Property Law: digitally shared objects 
often have more and more easily enforceable IP rights 
associated. 

• Reproducible Research Standard (Stodden 2009).



Parsing Reproducibility I
“Empirical Reproducibility” 

“Statistical Reproducibility” 

“Computational Reproducibility” 

V. Stodden, IMS Bulletin (2013)



Empirical Reproducibility

http://nas-sites.org/ilar-roundtable/roundtable-activities/reproducibility


Statistical Reproducibility
• False discovery, p-hacking (Simonsohn 2012), file drawer problem, 

overuse and mis-use of p-values, lack of multiple testing adjustments. 

• Low power, poor experimental design, nonrandom sampling,  

• Data preparation, treatment of outliers, re-combination of datasets, 
insufficient reporting/tracking practices, 

• inappropriate tests or models, model misspecification, 

• Model robustness to parameter changes and data perturbations, 

• Investigator bias toward previous findings; conflicts of interest. 

• …



Computational Reproducibility
Traditionally two branches to the scientific method: 

• Branch 1 (deductive): mathematics, formal logic, 

• Branch 2 (empirical): statistical analysis of controlled 
experiments. 

Now, new branches due to technological changes? 

• Branch 3,4? (computational): large scale simulations / 
data driven computational science.



The Ubiquity of Error
The central motivation for the scientific method is to root out 
error: 

• Deductive branch: the well-defined concept of the proof,  

• Empirical branch: the machinery of hypothesis testing, 
appropriate statistical methods, structured 
communication of methods and protocols. 

Claim: Computation presents only a potential third/fourth 
branch of the scientific method (Donoho et al. 2009), until 
the development of comparable standards.



Really Reproducible Research
“Really Reproducible Research” (1992) inspired by Stanford 
Professor Jon Claerbout:  

“The idea is: An article about computational science in a 
scientific publication is not the scholarship itself, it is merely 
advertising of the scholarship. The actual scholarship is the 
complete ... set of instructions [and data] which generated the 
figures.” David Donoho, 1998 

Note the difference between: reproducing the computational 
steps and, replicating the experiments independently including 
data collection and software implementation. (Both required)



Community Responses
Declarations and Documents: 

‣ Yale Declaration 2009 

‣ ICERM 2012 

‣ XSEDE 2014



Defining Reproducibility
ICERM Criterion Definition

Reviewable The descriptions permit the research methods to be independently assessed 
and the results judged credible.

Confirmable
The main conclusions of the research can be attained independently without 
the use of software provided by the author (using the complete description of 
algorithms and methodology provided).

Replicable Tools are made available that would allow one to duplicate the results of the 
research.

Auditable
Sufficient records (including data and software) have been archived so that 
the research can be defended later if necessary or differences between 
independent confirmations resolved.  The archive might be private, as with 
traditional laboratory notebooks.

Reproducible

Auditable research made openly available.  This comprises well-documented 
and fully open code and data that are publicly available that would allow one 
to (a) fully audit the computational procedure, (b) replicate and also 
independently reproduce the results of the research, and (c) extend the 
results or apply the method to new problems.



Collective Action Problem

Robinson, Gil, Duffy,  
Mattmann, Peckham 2015











Infrastructure Responses
Tools and software to enhance reproducibility and 
disseminate the scholarly record: 

Dissemination Platforms 

Workflow Tracking and Research Environments 

Embedded Publishing

ResearchCompendia.org IPOL Madagascar
MLOSS.org thedatahub.org nanoHUB.org
Open Science Framework RunMyCode.org

Vistrails Kepler CDE Jupyter torch.ch
Galaxy GenePattern Sumatra Taverna DataCenterHub
Pegasus Kurator RCloud

Verifiable Computational Research SOLE knitR
Collage Authoring Environment SHARE Sweave

http://ResearchCompendia.org
http://www.ipol.im/
http://www.ahay.org/
http://MLOSS.org
http://thedatahub.org
http://nanoHUB.org
https://osf.io/
http://RunMyCode.org
http://www.vistrails.org/
https://kepler-project.org/
http://www.pgbovine.net/cde.html
https://jupyter.org/
http://torch.ch
https://galaxyproject.org/
http://www.broadinstitute.org/cancer/software/genepattern/
https://pythonhosted.org/Sumatra/
http://www.taverna.org.uk/
http://pegasus.isi.edu/
http://www.sciencedirect.com/science/article/pii/S1877050912002980
http://vcr.stanford.edu/
http://people.cs.uchicago.edu/~quanpt/sole/Publications.html
http://yihui.name/knitr/
http://www.elsevier.com/books-and-journals/content-innovation/executable-papers
http://www.sciencedirect.com/science/article/pii/S1877050911001207
https://www.statistik.lmu.de/~leisch/Sweave/


















Background: Open Source 
Software

• Innovation: Open Licensing 

➡ Software with licenses that communicate alternative terms of use 
to code developers, rather than the copyright default. 

• Hundreds of open source software licenses: 

- GNU Public License (GPL) 

- (Modified) BSD License 

- MIT License 

- Apache 2.0 License 

- ... see http://www.opensource.org/licenses/alphabetical

http://www.opensource.org/licenses/alphabetical


The Reproducible Research 
Standard

The Reproducible Research Standard (RRS) (Stodden, 2009) 

• A suite of license recommendations for computational 
science: 

• Release media components (text, figures) under CC BY, 

• Release code components under Modified BSD or similar, 

• Release data to public domain or attach attribution license. 

➡  Remove copyright’s barrier to reproducible research and, 

➡  Realign the IP framework with longstanding scientific norms.





Best Practice Principles
1. Open licensing should be used for data and code. 

2. Workflow tracking should be carried out during the research process. 

3. Data must be available and accessible. 

• Version Control for Data 

• Raw Data Availability 

• Data Types: small static files to large dynamic databases 

4. Code and methods must be available and accessible 

• Version Control for Code / Making the Code Available Externally 

• Version Control for Environments / Making Environments Available and Documented 

• Code Samples and Test Data 

• “Really Big” Codebases 

5. All 3rd party data and software should be cited. 

6. Comply with funding agency and institutional requirements.



Vandewalle, 2012



Conclusion
Many steps toward resolving the multi-faceted and 
challenging problem of reproducibility in computationally 
enabled research. 

No one size fits all solution. 

Differential impact: junior vs tenured researchers. 

Recommendation 1: take some (more!) steps! 

Recommendation 2: Develop a long term research 
agenda to understand the creation, dissemination, and 
use of really reproducible research.





Research Compendia
Pilot project: improve understanding of reproducible computational 
science, trace sources of error

• link data/code to published claims, re-use,

• a guide to empirical researchers, 

• certifies results,

• large scale validation of findings,

• stability, sensitivity checks.









Querying the Scholarly Record
• Show a table of effect sizes and p-values in all phase-3 clinical trials for 

Melanoma published after 1994; 

• Name all of the image denoising algorithms ever used to remove white 
noise from the famous “Barbara” image, with citations; 

• List all of the classifiers applied to the famous acute lymphoblastic 
leukemia dataset, along with their type-1 and type-2 error rates; 

• Create a unified dataset containing all published whole-genome 
sequences identified with mutation in the gene BRCA1; 

• Randomly reassign treatment and control labels to cases in published 
clinical trial X and calculate effect size. Repeat many times and create a 
histogram of the effect sizes. Perform this for every clinical trial published 
in the year 2003 and list the trial name and histogram side by side.

Courtesy of Donoho and Gavish 2012



Government Mandates

• OSTP 2013 Open Data and Open Access Executive 
Memorandum; Executive Order. 

• “Public Access to Results of NSF-Funded Research” 

• NOAA Data Management Plan, Data Sharing Plan 

• NIST “Common Access Platform” 

• …

http://www.nsf.gov/news/special_reports/public_access/


Federal Agencies



Journal Requirements
• Science: code data sharing since 2011. 

• Nature: data sharing. 

• … 

See also Stodden V, Guo P, Ma Z (2013) “Toward 
Reproducible Computational Research: An Empirical 
Analysis of Data and Code Policy Adoption by 
Journals.” PLoS ONE 8(6): e67111. doi:10.1371/
journal.pone.0067111



Three Principles for CI
1. Supporting scientific norms—not only should CI enable new discoveries, 

but it should also permit others to reproduce the computational findings, 
reuse and combine digital outputs such as datasets and code, and 
facilitate validation and comparisons to previous findings. 

2. Supporting best practices in science—CI in support of science should 
embed and encourage best practices in scientific research and discovery. 

3. Taking a holistic approach to CI—the complete end-to-end research 
pipeline should be considered to ensure interoperability and the effective 
implementation of 1 and 2. 

Social and Political environment.. 

See Stodden, Miguez, Seiler, “ResearchCompendia.org: Cyberinfrastructure for 
Reproducibility and Collaboration in Computational Science” CiSE 2015 


