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What is Reproducibility?



Reproducible

Allard, Tania (2018): 
https://doi.org/10.6084/m9.figshare.6222554.v2
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Replicable

Allard, Tania (2018): 
https://doi.org/10.6084/m9.figshare.6222554.v2
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Robust

Allard, Tania (2018): 
https://doi.org/10.6084/m9.figshare.6222554.v2
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Peng, 2011 https://doi.org/10.1126/science.1213847

R Ainsworth – @rachaelevelyn

https://doi.org/10.1126/science.1213847


https://www.nature.com/news/sluggish-data-sharing-hampers-reproducibility-effort-1.17694
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What is Open Science?



Open Science is the practice of science in 

such a way that others can collaborate 
and contribute, where research data, lab 
notes and other research processes are 

freely available, under terms that enable 
reuse, redistribution and reproduction of 
the research and its underlying data and 

methods. 

[FOSTER, Open Science Definition: 

https://www.fosteropenscience.eu/foster-taxonomy/open-

science-definition]

… but isn’t this just science?

What is Open Science?
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Barriers to Open Science



Barriers to Open Science

John R. McKiernan http://whyopenresearch.org

● Lack of awareness and training

● Cultural inertia and 
misinformation

● Challenging the establishment

● Follow the status quo to 
succeed

● Perceived lack of reward

● Not considered for promotion
● Requires additional skills
● Takes time

● Publication bias towards novel 
findings
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Barriers to Open Science

https://doi.org/10.6084/m9.figshare.5558653

Fear of

● Scooping or ideas being stolen

● Not being credited for ideas
● Errors and public humiliation

● Risk to reputation

● Reduced scientific quality
● Information overload
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Why research openly?
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Gentil-Beccot, Mele, Brooks (2009), https://arxiv.org/abs/0906.5418
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Your primary 
collaborator is 
yourself 6 months 
from now, and your 
past self doesn’t 
answer emails.
https://dynamicecology.wordpress.com/2015/02/18/the-biggest-
benefit-of-my-shift-to-r-reproducibility/
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How-to open up your 

research workflow
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Jeroen Bosman and Bianca Kramer - https://101innovations.wordpress.com/workflows/
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Make your articles Open Access via Gold route by publishing OA or 

Green route  by self-archiving in repositories such as:
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Share research outputs such as data, posters, & slides in 

Open Repositories such as figshare & Zenodo

Catch-all repositories that enable 

researchers, scientists, projects & 

institutions to:

● Share research results in a wide 

variety of formats including text, 
datasets, audio, video & images 

across all fields of science
● Display their research results & get 

credited by making the 
research results citable  & 

integrating them into existing 

reporting lines to funding agencies 
like the EU

● Easily access & reuse shared 
research results

https://zenodo.org/,; https://figshare.com/R Ainsworth – @rachaelevelyn
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https://xkcd.com/1597/

● Git is an open source program for 

tracking changes in text files 

(version control)
● GitHub is a code hosting platform 

for version control & collaboration. 
It lets you & others work together 

on projects from anywhere
● Open & reproducible 

science/code/research!
● Online portfolio & webpage for your 

research

● Archive your repo & make citable 
with Zenodo

Share code & maintain version control using platforms such   

as Bitbucket & GitHub

https://github.com/; https://bitbucket.orgR Ainsworth – @rachaelevelyn
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Choose a license for your code, data or other output that allows 
others to use, modify & share your work, subject to conditions such 

as attribution.

https://choosealicense.com/
R Ainsworth – @rachaelevelyn
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Open Notebooks are documents that contain 

equations, visualisations, narrative text and live 

code that can be executed independently and 
interactively, with output visible immediately 

beneath the input.

They bring together analysis descriptions and 

results, which can be executed to perform the data 
analysis in real time.

Added value:

● Transparency in the analysis of the data

● Reproducibility

● Documentation of the entire workflow

Share analyses using Open Notebooks such as Jupyter & RStudio

http://jupyter.org/; https://www.rstudio.com/R Ainsworth – @rachaelevelyn
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A container image is a lightweight, standalone, executable package of software 

that includes everything needed to run an application: code, runtime, system 
tools, system libraries and settings.

Containers can be used to package entire scientific workflows, software and 

libraries, and even data. This means that you don’t have to ask your cluster 
admin to install anything for you - you can put it in a container and run. 

Need to share your code? Put it in a container and your collaborator won’t have 

to go through the pain of installing missing dependencies.

(https://www.docker.com/; https://www.sylabs.io/) 

Package data, code & analyses using Containers such as
Docker & Singularity
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● Makes it simple to generate 

reproducible computing environments 
from a Git repository. 

● Generates a Docker image from this 

repository which will have all the 
components that you specify along 
with the Jupyter Notebooks inside. 

● You will be able to share a URL with 
users that can immediately begin 
interacting with this environment via 

the cloud. 
● Binder’s goal is to enable as many 

analytic workflows as possible.

Don’t have time to build your own container?
Test out Binder!

https://mybinder.org/
R Ainsworth – @rachaelevelyn
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All the Tools!

For a list of tools to help you open 

up your research workflow, see 
http://bit.ly/innoscholcomm-list
and for examples on how to 

connect some of these open 
science science tools into 
workflows, see 

https://101innovations.wordpress.
com/workflows/
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Open Science in Astronomy



Open Data:

● Raw data via instrument archives
● Surveys through VizieR
● Meta-data through Simbad

Open Source:

● Projects and tools such as Astropy

Open Access:

● arXiv! Started in August 1991 and 
provides open access to 
1,445,302+ e-prints in 

(Astro)Physics and many other 
fields

http://ileo.de/2017/11/13/astronomy-as-an-example-for-an-open-science/ 
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https://arxiv.org/abs/1804.01548
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https://zenodo.org/record/1211089 https://github.com/mbcxqcw2/EEModel/tree/v1.03
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https://mybinder.org/v2/gh/mbcxqcw2/EEModel/master
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https://ui.adsabs.harvard.edu/#abs/2018arXiv180401548W/citations

• 4 April – submitted to journal
• 6 April – deposited to arXiv
• 9 April – received referee report 
• 3 citations in 6 months – not even officially published yet!
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Overwhelmed? Start small.



Erin McKiernan, My pledge to be open (Yeah, how’s that going?), 2015 
https://www.slideshare.net/RightToResearch/keynote-erin-mckiernan-my-pledge-to-be-open-yeah-hows-that-going?
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Summary
Open Science is about making research outputs freely available and accessible for others to use in order to 

increase efficiency, maximize impact, encourage collaboration, and promote inclusion, equity and diversity in 

science. Also to get more citations ;)

Further reading on evidence-based benefits of Open Science:

● McKiernan EC, et al. Point of View: How open science helps researchers succeed. eLife 2016;5:e16800 

(doi: 10.7554/eLife.16800)

● Tennant JP, Waldner F, Jacques DC et al. The academic, economic and societal impacts of Open Access: 

an evidence-based review. F1000Research 2016, 5:632 (doi: 10.12688/f1000research.8460.3) 

Contact me:

● Twitter: @rachaelevelyn

● Github: @rainsworth

● Email: rachael.ainsworth@manchester.ac.uk

https://elifesciences.org/articles/16800
https://f1000research.com/articles/5-632/v3

