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About me

• Research Software Community 
Manager for the UK’s Software 
Sustainability Institute 

• SKA Regional Centre Steering 
Committee - Science Archive Working 
Group member 

• Research background in radio 
Astrophysics (youtu.be/
914KncrM6PM)  

• Passionate about openness, 
transparency, reproducibility, wellbeing 
and inclusion in STEM/research 

• TEDx speaker (youtu.be/c-bemNZ-IqA)

https://doi.org/10.6084/m9.figshare.14710110
https://youtu.be/914KncrM6PM
https://youtu.be/914KncrM6PM
https://youtu.be/914KncrM6PM
https://youtu.be/c-bemNZ-IqA


Dr. Rachael Ainsworth @rachaelevelyn @ESCAPE_EU #ESCAPESchool21 https://doi.org/10.6084/m9.figshare.14710110

About the Software Sustainability 
Institute

• The UK’s national facility for promoting the 
advancement of software in research by 
cultivating better, more sustainable, research 
software to enable world-class research:  
“Better software, better research”  

• Fellowship Programme to engage with and 
support natural ambassadors of better software 
practice in their research domains 

• Collaborations Workshop is our annual 
unconference which brings together researchers, 
developers, innovators, managers, funders, 
publishers, leaders and educators to explore 
best practices and the future of research 
software 

• https://www.software.ac.uk 

https://doi.org/10.6084/m9.figshare.14710110
https://www.software.ac.uk
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Reproducibility and research culture
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Whitaker (2018) https://doi.org/10.6084/m9.figshare.7140050.v2  
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Baker (2016) https://doi.org/10.1038/533452a
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– Marcus Munafo, University of Bristol, UK 
(Baker 2016 https://doi.org/10.1038/533452a)

“Failing to reproduce results is a rite of passage. When I was a 
student, I tried to replicate what looked simple from the 

literature, and wasn't able to. Then I had a crisis of confidence, 
and then I learned that my experience wasn't uncommon.”

https://doi.org/10.6084/m9.figshare.14710110
https://doi.org/10.1038/533452a
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Van Noorden (2015) https://doi.org/10.1038/nature.2015.17694

https://doi.org/10.6084/m9.figshare.14710110
https://doi.org/10.1038/nature.2015.17694
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“Computational science has led to exciting new developments, but the nature of 
the work has exposed limitations in our ability to evaluate published findings. 
Reproducibility has the potential to serve as a minimum standard for judging 
scientific claims when full independent replication of a study is not possible.” 

Roger D. Peng (2011) https://doi.org/10.1126/science.1213847 

https://doi.org/10.6084/m9.figshare.14710110
https://doi.org/10.1126/science.1213847
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Research Culture

• Royal Society policy project on research 
culture: https://royalsociety.org/topics-policy/
projects/research-culture/  

• Encompasses the behaviours, values, 
expectations, attitudes, and norms of 
research communities. 

• It affects who does research, what research 
is done, how it is done and how it is 
disseminated.  

• There are ongoing concerns around issues 
such as: research integrity, career paths, 
permeability between sectors, recognition 
and reward, diversity, and support for 
collaboration and interdisciplinarity.

https://doi.org/10.6084/m9.figshare.14710110
https://royalsociety.org/topics-policy/projects/research-culture/
https://royalsociety.org/topics-policy/projects/research-culture/
https://royalsociety.org/topics-policy/projects/research-culture/
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Research Culture

• Royal Society policy project on research 
culture: https://royalsociety.org/topics-policy/
projects/research-culture/  

• Encompasses the behaviours, values, 
expectations, attitudes, and norms of 
research communities. 

• It affects who does research, what research 
is done, how it is done and how it is 
disseminated.  

• There are ongoing concerns around issues 
such as: research integrity, career paths, 
permeability between sectors, recognition 
and reward, diversity, and support for 
collaboration and interdisciplinarity.

All of the issues have the same underlying 
causes: 

Highly competitive environment  

+  

Narrow definitions for success

https://doi.org/10.6084/m9.figshare.14710110
https://royalsociety.org/topics-policy/projects/research-culture/
https://royalsociety.org/topics-policy/projects/research-culture/
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Research Culture

• Wellcome key issue and report on research culture: 
https://wellcome.ac.uk/what-we-do/our-work/research-
culture   

• Poor research culture is leading to unhealthy 
competition, bullying and harassment, and mental 
health issues 

- 78% of researchers think that high levels of 
competition have created unkind and aggressive 
conditions. 

- Nearly two-thirds of researchers (61%) have 
witnessed bullying or harassment, and 43% have 
experienced it themselves. Just one in three (37%) 
feel comfortable speaking up, with many 
doubting appropriate action will be taken.  

- Just over half of researchers (53%) have sought, or 
have wanted to seek, professional help for 
depression or anxiety.

Words that researchers would use to describe research culture. 
(Wellcome, https://wellcome.ac.uk/reports/what-researchers-think-

about-research-culture) 

https://doi.org/10.6084/m9.figshare.14710110
https://wellcome.ac.uk/what-we-do/our-work/research-culture
https://wellcome.ac.uk/what-we-do/our-work/research-culture
https://wellcome.ac.uk/reports/what-researchers-think-about-research-culture
https://wellcome.ac.uk/reports/what-researchers-think-about-research-culture
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This image was created by Scriberia for The Turing Way community and is used under a CC-BY licence. https://doi.org/10.5281/zenodo.3332807   

https://doi.org/10.6084/m9.figshare.14710110
http://www.scriberia.co.uk/
https://doi.org/10.5281/zenodo.3332807
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Open Science
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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.  

Open Science is about increased rigour, 
accountability, and reproducibility for research. It is 
based on the principles of inclusion, fairness, 
equity, and sharing, and ultimately seeks to change 
the way research is done, who is involved and how 
it is valued. It aims to make research more open to 
participation, review/refutation, improvement and 
(re)use for the world to benefit. 

(FOSTER Open Science Training Handbook https://
book.fosteropenscience.eu)

https://doi.org/10.6084/m9.figshare.14710110
https://book.fosteropenscience.eu
https://book.fosteropenscience.eu
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Barriers to Open Science
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Barriers to Open Science

• Publication bias towards novel findings 

• Challenging the establishment 

• Follow the status quo to succeed 

• Cultural inertia and misinformation 

• Perceived lack of reward 

• Not considered for promotion 

• Lack of awareness and training 

• Requires additional skills 

• Takes time
Fig: McKiernan http://whyopenresearch.org 

Whitaker (2018) https://doi.org/10.6084/m9.figshare.7140050.v2  

https://doi.org/10.6084/m9.figshare.14710110
http://whyopenresearch.org
https://doi.org/10.6084/m9.figshare.7140050.v2
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Barriers to Open Science

Fear of 

• Scooping or ideas being stolen 

• Not being credited for ideas 

• Errors and public humiliation 

• Risk to reputation 

• Reduced scientific quality 

• Information overload

https://doi.org/10.6084/m9.figshare.5558653 Tennant (2017) https://doi.org/10.6084/m9.figshare.5383711.v1 

https://doi.org/10.6084/m9.figshare.14710110
https://doi.org/10.6084/m9.figshare.5558653
https://doi.org/10.6084/m9.figshare.5383711.v1
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Benefits of Open Science

https://doi.org/10.6084/m9.figshare.14710110
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go.nature.com/opendata

https://doi.org/10.6084/m9.figshare.14710110
http://go.nature.com/opendata
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– Julia Stewart Lowndes, Open Software Means Kinder Science 
https://blogs.scientificamerican.com/observations/open-software-means-kinder-science 

“It is about mind-sets and culture: An unsung part of open 
software are its communities that promote and enable a more 

inclusive, kinder culture.”

https://doi.org/10.6084/m9.figshare.14710110
https://blogs.scientificamerican.com/observations/open-software-means-kinder-science
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– Software Carpentry

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/ 

https://doi.org/10.6084/m9.figshare.14710110
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

https://doi.org/10.6084/m9.figshare.14710110
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This image was created by Scriberia for The Turing Way community and is used under a CC-BY licence. https://doi.org/10.5281/zenodo.3332807   

https://doi.org/10.6084/m9.figshare.14710110
http://www.scriberia.co.uk/
https://doi.org/10.5281/zenodo.3332807
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Publish your research articles 
Open Access

• Gold Open Access 

• Publish in an Open Access journal 

• Can incur high article processing charges 
(APCs) 

• Green Open Access 

• Self-archive a version of the manuscript in a 
repository (such as arXiv) 

• Share a “pre-print” of your manuscript 
before peer review 

• Share a “post-print” of your manuscript 
after peer review

https://doi.org/10.6084/m9.figshare.14710110
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Publish your research articles 
Open Access

• Gold Open Access 

• Publish in an Open Access journal 

• Can incur high article processing charges 
(APCs) 

• Green Open Access 

• Self-archive a version of the manuscript in a 
repository (such as arXiv) 

• Share a “pre-print” of your manuscript 
before peer review 

• Share a “post-print” of your manuscript 
after peer review

Gentil-Beccot, Mele, Brooks (2009), https://arxiv.org/abs/0906.5418

https://doi.org/10.6084/m9.figshare.14710110
https://arxiv.org/abs/0906.5418
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Open source and version  
control your methods

• Version control is the practice of managing and 
tracking changes in source code and text files (such 
as through using Git - see talks by Maximilian Nöthe) 

• It stores a history of changes and who made 
them, allowing you to revert or go back to earlier 
versions of those files, and understand how 
contributions by different contributors have 
changed the project over time (like having a time 
machine for your project’s history!) 

• Services such as GitHub, GitLab and Bitbucket add 
a web-based social and user interface to version 
control, which facilitates open and collaborative 
research by enabling you and others to work 
together on projects from anywhere 

• Added benefit: Can also be an online portfolio 
and webpage for your work This image was created by Scriberia for The Turing Way community and is 

used under a CC-BY licence. https://doi.org/10.5281/zenodo.3332807   

https://doi.org/10.6084/m9.figshare.14710110
http://www.scriberia.co.uk/
https://doi.org/10.5281/zenodo.3332807
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Make your data open and FAIR

• Findable: Data should be described with rich 
metadata, assigned a globally unique and 
persistent identifier (such as a DOI), and 
registered in a searchable resource 

• Accessible: Provide information on how to 
access the data (such as via a DOI link) 

• Interoperable: The data usually need to be 
integrated with other data and/or interoperate 
with applications or workflows for analysis, 
storage, and processing 

• Reusable: Share data with a clear and 
accessible data usage license and detailed 
provenance so that results can be 
reproduced and built upon This image was created by Scriberia for The Turing Way community and is 

used under a CC-BY licence. https://doi.org/10.5281/zenodo.3332807   

https://doi.org/10.6084/m9.figshare.14710110
http://www.scriberia.co.uk/
https://doi.org/10.5281/zenodo.3332807
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Make your data open and FAIR

Catch-all repositories such as Zenodo and 
Figshare enable you to: 

• Share research outputs in a wide variety of 
formats including text, datasets, audio, 
video & images across all fields of science 

• Display your research outputs & get credited 
by making the research results citable and 
integrating them into existing reporting lines 
to funding agencies like the EU 

• Easily access and reuse shared research 
outputs 

• Archive your GitHub repository and make 
citable with Zenodo!

https://doi.org/10.6084/m9.figshare.14710110


Dr. Rachael Ainsworth @rachaelevelyn @ESCAPE_EU #ESCAPESchool21 https://doi.org/10.6084/m9.figshare.14710110

Make your data open and FAIR

• arXiv now supports sharing code and data 
associated with your articles

https://doi.org/10.6084/m9.figshare.14710110
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Document methods and share 
analyses using Open Notebooks 

• Open Notebooks (such as Jupyter) 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 (see talk by Enrique Garcia) 

• Notebooks 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 https://jupyter.org/ 

https://doi.org/10.6084/m9.figshare.14710110
https://jupyter.org/
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“But it worked on my computer...”

https://doi.org/10.6084/m9.figshare.14710110


Dr. Rachael Ainsworth @rachaelevelyn @ESCAPE_EU #ESCAPESchool21 https://doi.org/10.6084/m9.figshare.14710110

Capture and share your 
computational environment

•Containerisation (such as through 
Docker or Singularity) allows you to 
package up your entire research 
workflow - including data, software, 
analyses and computational 
environment - so that it can run 
uniformly and consistently on any 
infrastructure 

•Containers are much more lightweight 
than virtual machines 

• Advantages: bundled dependencies, 
easy to distribute/share, and stackable

https://doi.org/10.6084/m9.figshare.14710110
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Make it as easy as possible for  
others to reproduce your work

• Binder (mybinder.org) 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 
who can immediately begin interacting with 
this environment via the cloud

Juliette Taka, Logilab and the OpenDreamKit project

https://doi.org/10.6084/m9.figshare.14710110
http://mybinder.org
https://opendreamkit.org/2017/11/02/use-case-publishing-reproducible-notebooks/
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You can make your workflow more open by…

https://doi.org/10.6084/m9.figshare.14710110
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Jeroen Bosman and Bianca Kramer - https://101innovations.wordpress.com/workflows/ 

https://doi.org/10.6084/m9.figshare.14710110
https://101innovations.wordpress.com/workflows/
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Open Science examples in Astronomy

https://doi.org/10.6084/m9.figshare.14710110
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Open Science in Astronomy 
Examples

Open Access: 
• arXiv! Started in August 1991 and provides 

open access to 1,891,879+ e-prints in 
(Astro)Physics and many other fields 

Open Data:  
• SAO/NASA Astrophysics Data System 

(ADS) 
• Raw data via instrument archives 
• Surveys through VizieR 
• Meta-data through Simbad 

Open Source: 
• Projects and tools such as Astropy 
• The CASA pipeline for e-MERLIN data

http://ileo.de/2017/11/13/astronomy-as-an-example-for-an-open-science/ 

https://doi.org/10.6084/m9.figshare.14710110
http://ileo.de/2017/11/13/astronomy-as-an-example-for-an-open-science/
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Open Science in Astronomy 
Examples

Citizen Science: 
• Pulsar Hunters 
• Galaxy Zoo 

Open Educational Resources:  
• ESCAPE Summer School 
• astroEDU 

Equity, Diversity and Inclusion: 
• AstroBetter Diversity wiki 
• European Astronomical Society 

(EAS) Annual Meeting (formerly known as 
EWASS) sessions dedicate to EDI 

• Development in Africa with Radio 
Astronomy (DARA) Nature Astronomy focus on Diversity, Equity and Inclusion best practices and 

solutions. 2019. https://www.nature.com/collections/cagjjdfjaa/ 

https://doi.org/10.6084/m9.figshare.14710110
https://www.astrobetter.com/wiki/Diversity
https://www.nature.com/collections/cagjjdfjaa/
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Case Study 1: 
Open Access publication

Walker, Ma & Breton, https://arxiv.org/abs/1804.01548

https://doi.org/10.6084/m9.figshare.14710110
https://arxiv.org/abs/1804.01548
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Case Study 1: 
Open Source code & Open Data

https://doi.org/10.5281/zenodo.1209920 https://github.com/mbcxqcw2/EEModel/tree/v1.03

https://doi.org/10.6084/m9.figshare.14710110
https://doi.org/10.5281/zenodo.1209920
https://github.com/mbcxqcw2/EEModel/tree/v1.03
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Case Study 1: Reproducible 
Computational Environment

https://doi.org/10.6084/m9.figshare.14710110
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Case Study 1: 
Impact

• 4 April 2018:  

• Submitted manuscript to journal 

• Deposited pre-print to arXiv 

• 9 April 2018: Received referee report! 

• 9 June 2020: Officially published by the 
journal https://doi.org/
10.1051/0004-6361/201833157  

• 14 citations before officially published by 
the journal 

• 21 citations to date
https://ui.adsabs.harvard.edu/abs/2020A%26A...638A..37W/citations 

https://doi.org/10.6084/m9.figshare.14710110
https://doi.org/10.1051/0004-6361/201833157
https://doi.org/10.1051/0004-6361/201833157
https://ui.adsabs.harvard.edu/abs/2020A&A...638A..37W/citations
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Case Study 2: 
Open Access publication

Event Horizon Telescope (EHT) Collaboration, https://iopscience.iop.org/journal/2041-8205/page/Focus_on_EHT 

https://doi.org/10.6084/m9.figshare.14710110
https://iopscience.iop.org/journal/2041-8205/page/Focus_on_EHT
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Case Study 2: 
Open Source code

https://eventhorizontelescope.org/for-astronomers/data https://github.com/eventhorizontelescope/2019-D01-02 

https://doi.org/10.6084/m9.figshare.14710110
https://eventhorizontelescope.org/for-astronomers/data
https://github.com/eventhorizontelescope/2019-D01-02
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Case Study 2: 
Open Data

https://eventhorizontelescope.org/for-astronomers/data https://doi.org/10.25739/g85n-f134 

https://doi.org/10.6084/m9.figshare.14710110
https://eventhorizontelescope.org/for-astronomers/data
https://doi.org/10.25739/g85n-f134
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Case Study 2: Reproducible 
Computational Environment

https://github.com/eventhorizontelescope https://github.com/eventhorizontelescope/docker-recipes 

https://doi.org/10.6084/m9.figshare.14710110
https://github.com/eventhorizontelescope
https://github.com/eventhorizontelescope/docker-recipes
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Case Study 2: 
Impact

Paper I 

• 1 March 2019:  

• Submitted manuscript to journal 

• 12 March 2019: Accepted by journal 

• 10 April 2019: Officially published by the 
journal   

• 1001 citations to date 

• 26 June 2019: 

• Deposited post-print to arXiv
https://ui.adsabs.harvard.edu/abs/2019ApJ...875L...1E/citations

https://doi.org/10.6084/m9.figshare.14710110
https://ui.adsabs.harvard.edu/abs/2019ApJ...875L...1E/citations
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Case Study 2: 
Impact

Paper I 

• 1 March 2019:  

• Submitted manuscript to journal 

• 12 March 2019: Accepted by journal 

• 10 April 2019: Officially published by the 
journal   

• 1001 citations to date 

• 26 June 2019: 

• Deposited post-print to arXiv
https://eventhorizontelescope.org/

https://doi.org/10.6084/m9.figshare.14710110
https://eventhorizontelescope.org/
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More information, resources and takeaways 

https://doi.org/10.6084/m9.figshare.14710110
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The Turing Way

• Project led by Kirstie Whitaker at The Alan 
Turing Institute to make reproducible research 
“too easy not to do” 

• In short: The Turing Way encompasses a 
handbook, community, collaboration, 
workshops and training 

• Team of researchers, research software 
engineers, librarians and YOU! 

• Demonstrates open and transparent project 
management and communication with future 
users, as it is openly developed at our GitHub 
repository: https://github.com/alan-turing-
institute/the-turing-way This image was created by Scriberia for The Turing Way community and is 

used under a CC-BY licence. https://doi.org/10.5281/zenodo.3332807   

https://doi.org/10.6084/m9.figshare.14710110
https://github.com/alan-turing-institute/the-turing-way
https://github.com/alan-turing-institute/the-turing-way
https://github.com/alan-turing-institute/the-turing-way
http://www.scriberia.co.uk/
https://doi.org/10.5281/zenodo.3332807
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More information and resources

• See talks on Reproducible Science in practice by 
Arturo Sánchez Pineda 

• Introduction to using GitHub: https://github.com/
rainsworth/intro-to-github   

• Reproducible Research through Containerisation: 
Docker and Singularity: https://github.com/
rainsworth/osip2019-containerisation-workshop   

• Software and Data Carpentry workshops: https://
carpentries.org/ 

https://doi.org/10.6084/m9.figshare.14710110
https://github.com/rainsworth/intro-to-github
https://github.com/rainsworth/intro-to-github
https://github.com/rainsworth/osip2019-containerisation-workshop
https://github.com/rainsworth/osip2019-containerisation-workshop
https://carpentries.org/
https://carpentries.org/
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Takeaways

• “Reproducibility is like brushing your teeth. It is good 
for you, but it takes time and effort. Once you learn it, 
it becomes a habit.”  
- Irakli Loladze (Baker 2016 https://doi.org/
10.1038/533452a)  

• Start small! Test out one platform or open up one 
stage of your research workflow, such as sharing data 
via Zenodo and linking to the DOI in your publications. 

• Help us build a kinder and more inclusive research 
culture!

https://doi.org/10.6084/m9.figshare.14710110
https://doi.org/10.1038/533452a
https://doi.org/10.1038/533452a

