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Best practice is HARD

• It’s not easy to understand how 
to produce good software

• One size doesn’t always fit all
• Best practice requires more 

than just one person ”buying 
in” to become widely adopted
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Software Sustainability Institute

A national facility for cultivating better, more 
sustainable, research software to enable 
world-class research
• Software reaches boundaries in its 

development cycle that prevent 
improvement, growth and adoption 

• Providing the expertise and services 
needed to negotiate to the next stage

• Developing the policy and tools to
support the community developing and
using research software Supported by EPSRC Grant EP/H043160/1 

+ EPSRC/ESRC/BBSRC grant EP/N006410/1 
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Software

Policy

Training

Community

Outreach

Delivering essential software 
skills to researchers via CDTs, 
institutions & doctoral schools

Helping the community to 
develop software that meets the 
needs of reliable, reproducible, 

and reusable research

Collecting evidence 
on the community’s 

software use & sharing 
with stakeholders

Bringing together 
the right people to 
understand and 

address topical issues 

Exploiting our platform 
to enable engagement, 

delivery & uptake
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About this talk
• Software is ubiquitous, fundamental and diverse
• Consequences of “incorrect” software can be 

large
• Is the issue a cultural one?
• How can we get adoption of best practices at 

scale?
• It’s impossible to do this on your own
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No-one intentionally 
writes unsustainable 
software
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“Sustainable” software

• What is the definition of software 
sustainability?
 “will continue to be available in the future, on new 

platforms, meeting new needs” - Katz
 “fulfils its intent over time” – Lago

• Tension between fulfilling authors purpose vs 
others’ potential needs

https://danielskatzblog.wordpress.com/2016/09/13/defining-software-sustainability/
http://wssspe.researchcomputing.org.uk/wp-content/uploads/2016/06/Lago_keynote.pdf
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Use of software in 
research is ubiquitous, 
fundamental + diverse
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UK software survey 2014
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Software in research papers
65%

2017

Searched Eprints repositories 
from 31 UK institutions ~ 600k 
papers

Displayed the percentage of 
papers found to have software-
related terms against all papers 
in the repository.
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Software in nature

Nangia and Katz: https://arxiv.org/pdf/1706.06527.pdf

https://arxiv.org/pdf/1706.06527.pdf
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Long, long, long tail

http://doi.org/10.5281/zenodo.60276

“What software do you use in your research?”

2958 responses (2014–16, 1261 participants)
>10: 35 packages
>1: 304 packages
1: 2654 packages

Python, Matlab, R
SPSS, Excel top packages 

Slide courtesy of Simon Hettrick
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Software is important 
but often overlooked
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Consequences of 
“incorrect” software 
can be large
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Growth in
a time of
debt

Can you spot 
the mistake?

• Reinhart, Carmen M.; Rogoff, Kenneth S. (2010).  "Growth in a Time of 
Debt". American Economic Review. 100 (2): 573–
78. doi:10.1257/aer.100.2.573 

• https://qz.com/75035/fixing-this-excel-error-transforms-high-debt-
countries-from-recession-to-growth/

• http://www.nytimes.com/2013/04/26/opinion/debt-growth-and-the-
austerity-debate.html

• https://www.bloomberg.com/news/articles/2013-04-18/faq-reinhart-
rogoff-and-the-excel-error-that-changed-history

“All I can hope is that future historians note that 
one of the core empirical points providing the 
intellectual foundation for the global move to 
austerity in the early 2010s was based on 
someone accidentally not updating a row 
formula in Excel” – Mike Konczal
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Llorente et al. Science, 350, 6262
doi:10.1126/science.aad2879

The results presented in the Report “Ancient Ethiopian genome reveals 
extensive Eurasian admixture throughout the African continent“ were 
affected by a bioinformatics error https://www.nature.com/news/error-found-in-study-of-first-ancient-african-genome-1.19258
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http://science.sciencem
ag.org/

content/314/5807/1856.full

“Chang’s data are good…
but the faulty software 
threw everything off”

“a homemade data-
analysis program had 
flipped two columns”
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Mistakes in software 
erode trust in research 
and researchers
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Is the issue a cultural 
one?
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Sharing is key to reproducibility
• Improves transparency
• Improves understanding
• Elimination of errors
• Encourages collaboration
• Easier on-ramping

• Improves trust

“Deep intellectual 
contributions now encoded 
only in software" – Stodden

“Scholarship is the full 
software environment, code 
and data, that produced the 
result” – Claerbout

FAIR Software?
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Of 601 papers in ACM Computer Science journals and proceedings, 
only 85 provided a link to software.
For 176 the software could not be obtained. 

Collberg, Proebsting, Warren, University of Arizona TR 14-04, 2015  
http://reproducibility.cs.arizona.edu/v2/RepeatabilityTR.pdf
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Culture change is hard

Stodden, Seiler, Ma. An empirical analysis of journal policy 
effectiveness for computational reproducibility
https://doi.org/10.1073/pnas.1708290115

“We require that all computer code used for modeling and/or 
data analysis that is not commercially available be deposited 
in a publicly accessible repository upon publication.” 

“After publication, all reasonable requests for data, code, or 
materials must be fulfilled.”

In 2011 Science changed its editorial policies:

https://doi.org/10.1073/pnas.1708290115
http://www.sciencemag.org/authors/science-journals-editorial-policies
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Culture change is hard

Stodden, Seiler, Ma. An empirical analysis of journal policy 
effectiveness for computational reproducibility
https://doi.org/10.1073/pnas.1708290115

https://doi.org/10.1073/pnas.1708290115
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“There appeared to be some confusion among authors, some of 
whom seemed to be unaware of Science’s data and code sharing 
requirement. We can most easily demonstrate this with some 
anonymized author responses that highlight some of the barriers 
to sharing they perceived:”

Culture change is hard

Stodden, Seiler, Ma. An empirical analysis of journal policy 
effectiveness for computational reproducibility
https://doi.org/10.1073/pnas.1708290115

https://doi.org/10.1073/pnas.1708290115
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“When you approach a PI for the source codes and raw data, you better explain who you are, 
whom you work for, why you need the data and what you are going to do with it.”

Culture change is hard

Stodden, Seiler, Ma. An empirical analysis of journal policy 
effectiveness for computational reproducibility
https://doi.org/10.1073/pnas.1708290115

“I have to say that this is a very unusual request without any explanation! Please ask your 
supervisor to send me an email with a detailed, and I mean detailed, explanation.”

“Thank you for your interest in our paper. For the [redacted] calculations I used my own 
code, and there is no public version of this code, which could be downloaded. Since this code 
is not very user-friendly and is under constant development I prefer not to share this code.”

“Normally we do not provide this kind of information to people we do not know. 
It might be that you want to check the data analysis, and that might be of some 
use to us, but only if you publish your findings while properly referring to us.”

https://doi.org/10.1073/pnas.1708290115
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“Perceived” importance
• “It has been said … that writing a large piece of software is akin to building 

infrastructure such as a telescope rather than a creditable scientific contribution…”
• “software development [is] often discounted in the scientific community, and 

programming is treated as something to spend as little time on as possible”
• “Serious scientists are not expected to carefully test code, let alone document it, in 

the same way they are trained to properly use other tools or document their 
experiments”
 Stodden, V., Bailey, D. H., Borwein, J., LeVeque, R.J., Rider, W., Stein, W. “Setting the 

Default to Reproducible Reproducibility in Computational and Experimental 
Mathematics”, ICERM 2013, February 2013.
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Victoria Stodden, AM
P 2011  http://w

w
w

.stodden.net/AM
P2011/,

Special Issue Reproducible Research Com
puting in Science and Engineering

July/August 2012, 14(4)
How

ison
and Herbsleb

(2013) "Incentives and Integration In Scientific 
Softw

are Production" CSCW
 2013. 

http://www.stodden.net/AMP2011/
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It’s still all about reputation
“This particular project was something I wrote a couple years 
ago to help me out with a workflow… I’d put it up on Github, 
so that others could potentially use it or use the code. So I 
went to see what people were saying about this project. It 
seemed liked I’d done something fundamentally wrong, so 
stupid that it flabbergasts someone... So of course I start 
sobbing. Then I see these people’s follower count, and I sob 
harder. I can’t help but think of potential future employers 
that are no longer potential.” http://www.software.ac.uk/blog/2013-01-25-haters-gonna-

hate-why-you-shouldnt-be-ashamed-releasing-your-code

http://www.software.ac.uk/blog/2013-01-25-haters-gonna-hate-why-you-shouldnt-be-ashamed-releasing-your-code
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One of the biggest 
challenges is 
educating our peers
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How can we get 
adoption of best 
practices at scale?



Software Sustainability Institute

www.software.ac.uk

Best Practices for Scientific Computing: https://doi.org/10.1371/journal.pbio.1001745

https://doi.org/10.1371/journal.pbio.1001745
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Good Enough Practices in Scientific Computing: https://doi.org/10.1371/journal.pcbi.1005510

https://doi.org/10.1371/journal.pcbi.1005510
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Foundational skills for researchers

Basic lab skills for 
scientific computing;
researchers can do 
more in less time and 
with less pain.

Basic concepts, 
skills and tools 
for working 
more effectively 
with data. 

Open source learning, “Train the trainers”
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Growth of RSE Community

Slide courtesy of Simon Hettrick
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RSEs are worldwide

• Wants to work in a 
research environment

• Wants to advance 
research

• Wants to develop 
software github.com/softwaresaved/international-survey/tree/master/analysis

Slide courtesy of Simon Hettrick
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Guides are popular
• Software Evaluation Guide (over 

65k unique visits)
• Choosing a repository for your 

software project (over 50k 
unique visits)

• How to cite and describe 
software (over 25k unique visits)

• Developing maintainable 
software (over 25k unique visits)

• In which journals should I 
publish my software (over 22k 
unique visits)

But on their own, they don’t ensure 
adoption of good practice
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DLR Initiative
https://doi.org/10.6084/m9.figshare.5331703.v2

Carina Haupt and Tobias Schlauch

https://doi.org/10.6084/m9.figshare.5331703.v2
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https://doi.org/10.6084/m9.figshare.5331703.v2
Carina Haupt and Tobias Schlauch

https://doi.org/10.6084/m9.figshare.5331703.v2
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https://doi.org/10.6084/m9.figshare.5331703.v2
Carina Haupt and Tobias Schlauch

https://doi.org/10.6084/m9.figshare.5331703.v2
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Community standards
• ESIP (Earth Sciences): 

https://esipfed.github.io/Software-Assessment-Guidelines/
• CLARIAH (Arts and Humanities): 

https://github.com/CLARIAH/software-quality-guidelines
• IPOL (Image Processing): 

https://tools.ipol.im/wiki/ref/software_guidelines/
• ELIXIR (Life Sciences): 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5490478/

https://esipfed.github.io/Software-Assessment-Guidelines/
https://github.com/CLARIAH/software-quality-guidelines
https://tools.ipol.im/wiki/ref/software_guidelines/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5490478/
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Software Development Best 
Practices for Life Sciences

• Goal: 
 Define procedures to improve quality and sustainability of software 

development that could be adopted by ELIXIR and other biomedical 
Research Infrastructures

• Series of workshops (lightning talks, facilitated sessions)
 Agree practices
 Build community
 Create policy
 Develop guidance

• Outputs
 “Four simple recommendations” paper
 “Top 10 Metrics” paper
 Training course (in development)
 Endorsement by community
 Repo: https://github.com/SoftDev4Research/

1. Develop publicly accessible open 
source code from day one
2. Make software easy to discover by 
providing software metadata via a 
popular community registry
3. Adopt a license and comply with the 
licence of third-party dependencies
4. Have a clear and transparent 
contribution, governance and 
communication processes

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5490478/
https://www.ncbi.nlm.nih.gov/pubmed/27635232
https://github.com/SoftDev4Research/4OSS-lesson
https://softdev4research.github.io/recommendations/supporters/
https://github.com/SoftDev4Research/
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Research Software Workflow

develop  share  preserve
Developed and 
versioned using 
code repository

Published via 
code repository
or website

Deposited in digital 
repository with paper 
/ for preservation
Made citable

describe
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• LIGO Paper:
 http://journals.aps.org/prl/abstract/10.1103/Phys

RevLett.116.061102

• LIGO Notebook:
 https://losc.ligo.org/s/events/GW150914/GW1509

14_tutorial.ipynb

LIGO Example

http://journals.aps.org/prl/abstract/10.1103/PhysRevLett.116.061102
https://losc.ligo.org/s/events/GW150914/GW150914_tutorial.ipynb
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www.software.ac.ukAdoption of best 
practice comes from 
making it easy and 
useful for everyone
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It’s impossible to 
do this on your 
own
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Communities of Practice
• Domain: A domain of knowledge creates common ground, 

inspires members to participate, guides their learning and 
gives meaning to their actions

• Community: The notion of a community creates the social 
fabric for that learning. A strong community fosters 
interactions and encourages a willingness to share ideas.

• Practice: While the domain provides the general area of 
interest for the community, the practice is the specific focus 
around which the community develops, shares and 
maintains its core of knowledge.

Wenger, Etienne; McDermott, Richard; Snyder, William M. (2002). Cultivating Communities of Practice (Hardcover). 
Harvard Business Press; 1 edition. ISBN 978-1-57851-330-7.
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Cultivating successful CoPs
• Design the community to evolve naturally
• Create opportunities for open dialog within and with 

outside perspectives
• Welcome and allow different levels of participation
• Develop both public and private community spaces
• Focus on the value of the community 
• Combine familiarity and excitement
• Find and nurture a regular rhythm for the community

Wenger, Etienne; McDermott, Richard; Snyder, William M. (2002). Cultivating Communities of Practice (Hardcover). 
Harvard Business Press; 1 edition. ISBN 978-1-57851-330-7.
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Examples of CoPs

http://melbourne.resbaz.edu.au/HackyHour

https://ourcodingclub.github.io/

Sheffield Astrophysics Code Review Club
https://www.software.ac.uk/index.php/blog/
2018-05-18-code-review-academia

https://cookbook.carpentries.org/

http://collections.plos.org/
ten-simple-rules
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This is still going to be painful
Piled H

igher and D
eeper" by Jorge Cham

w
w

w
.phdcom

ics.com

http://phdcomics.com/comics.php?f=1689 – used with permission from author

http://phdcomics.com/comics.php?f=1689
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Summary
• Unsustainable code isn’t intentional, it comes 

from the tension between solving a task quickly 
for yourself versus solving it well for others

• Challenge is that research does not incentivize 
good practice, even when the stakes are high
 Though many are changing this

• Success has come from supporting formation of 
communities of practice, and sharing materials
 But this takes effort and goodwill

https://doi.org/10.6084/m9.figshare.6935840
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Find out more about the SSI
• Community Engagement (Lead: Shoaib Sufi)

 Fellowship Programme & Events and Workshops
• Consultancy (Lead: Steve Crouch)

 Open Call for Projects / Collaborations
 Online Software Evaluation & Software Management Planning

• Policy and Publicity (Lead: Simon Hettrick)
 Case Studies / Policy Campaigns
 Software and Research Blog

• Training (Lead: Aleksandra Nenadic)
 Software Carpentry and Data Carpentry
 Guides and Top Tips

• Journal of Open Research Software (Editor: Neil Chue Hong)
Collaboration between universities of Edinburgh, Manchester, Oxford and Southampton
Supported by EPSRC Grant EP/H043160/1 + EPSRC/ESRC/BBSRC grant EP/N006410/1 

http://www.software.ac.uk/fellowship-programme
http://www.software.ac.uk/community/workshops
http://www.software.ac.uk/open-call
http://www.software.ac.uk/who-do-we-work
http://www.software.ac.uk/software-evaluation-guide
https://www.software.ac.uk/software-management-plans
http://www.software.ac.uk/resources/case-studies
http://www.software.ac.uk/policy
http://www.software.ac.uk/blog
http://www.software.ac.uk/software-carpentry
http://datacarpentry.org/
http://www.software.ac.uk/resources/guides-everything
http://www.software.ac.uk/resources/top-tips
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Software Sustainability Institute

A national facility for cultivating better, more 
sustainable, research software to enable 
world-class research
• Software reaches boundaries in its 

development cycle that prevent 
improvement, growth and adoption 

• Providing the expertise and services 
needed to negotiate to the next stage

• Developing the policy and tools to
support the community developing and
using research software Supported by EPSRC Grant EP/H043160/1 

+ EPSRC/ESRC/BBSRC grant EP/N006410/1 
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Software

Policy

Training

Community

Outreach

Delivering essential software 
skills to researchers via CDTs, 
institutions & doctoral schools

Helping the community to 
develop software that meets the 
needs of reliable, reproducible, 

and reusable research

Collecting evidence 
on the community’s 

software use & sharing 
with stakeholders

Bringing together 
the right people to 
understand and 

address topical issues 

Exploiting our platform 
to enable engagement, 

delivery & uptake
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Website & blog

Campaigns

Advice

Guides

Courses

Workshops

Fellowship

Research

Software

Policy

Training

Community

Consultancy
50+ projects 130+ evaluations

4 surgeries

35+ UK SWC 
workshops

1000+ learners

80+ guides
50,000 readers

61 domain
ambassadors

20+ workshops organised

740 researchers
50,000 grants

analysed

150+ contributed articles
20,000 unique visitors per month

3,000 Twitter followers

300+ RSEs engaged 2100 signatures 13 issues highlighted

Outreach
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