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Challenge

Research projects often require development of custom scientific software, or research
software, to address novel research questions and advance state-of-the-art methods. Scientific
software is often written for a very specific purpose. Itis commonly used to prototype ideas and
generate results quickly. Generally, the software is not intended for use outside of the main research
group. Consequently, software development best practices, like writing documentation and testing the
software, are often not prioritized. This focus on quick results can be driven by many factors, such as an
immediate deadline, limited budget, and team dynamics. This can be great for short-term success, but
there are often long-term costs.

This can present several challenges, including verification, validation, reproducibility, and
software maintenance [1,2,3]. With a growing number of software options available for research, it is
important that software not be trusted blindly. Both scientific and open source software packages
should be vetted before use. In the early stages of a project, the research team must decide how the
custom software will be developed and maintained and which software dependencies will be included.
Too often, software development starts without fully considering how these software architecture
decisions will affect short-term results and long-term impact.

What starts as a software prototype can become the basis of a multi-year research project and
eventually evolve into an open source software package. Research teams can quickly grow and evolve,
and software can easily grow from a thousand to millions of lines of code. When speed is prioritized
over best practices, the result is often unreadable code, undocumented features, possible errors in the
software, and single-developer knowledge of features. Many times, these challenges are only identified
once the project is over and key developers have moved on. These factors make long-term development
and support of application-based scientific software very challenging.

Opportunity

Similar to the impact FAIR (Findable, Accessible, Interoperable and Reusable) data principles
have had on data management, software development best practices can drastically change the long-
term impact of a project [4]. Software development best practices include version control,
documentation, quality assurance, source code management, and a software development plan. These
aspects of software development can seem burdensome, especially for scientific software developed for
an immediate research need. However, writing clean code, documenting features, generating tests, and
completing rigorous review by team members enables long-term success. In addition to producing a
more cohesive software product, they will enable higher quality research and ensure reproducibility by
the research team and by external members of the scientific community. This initial investment can save
time and budget in the long-term, resources that can then be used to advance future research.
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The increased use of open source software within research projects has improved adoption of
software development best practices. This applies to both scientific software that is intended for open
source distribution and to software that is never intended to be publicly distributed. Adoption of best
practices can be attributed to software development tools like GitHub and GitLab that support version
control, continuous integration testing, and documentation. Well established style guides, like PEP 8,
also contribute to more uniformity in the software development approach. Integrating best practices
into scientific software development requires allocating resources to make critical software design
decisions and maintaining this focus throughout the project lifecycle. While it can be challenging to
reserve funding for this purpose, the long-term benefits can far outweigh the initial cost. Once best
practices become part of the research culture, they can be leveraged to benefit multiple projects, and
used to establish a research community with a common software development style.

While standards for highly regarded open source software packages are not always appropriate
or realistic for scientific software development projects, there is much to be learned from those
examples. Open source software often prioritizes best practices over speed and efficiency. This relates
to both the software development timeline, and the way the software is written. Developers might
choose to write clean and readable code over a computationally faster implementation because the
highest priority is the software’s usability. This disproportionate focus on usability is part of what makes
open source software unique. However, open source software faces its own challenges, like funding.
While open source software projects have the potential for broader application and long-term impact,
they have limited appeal in the short-term. Funding agencies are less inclined to commit to the long-
term investment required to support an open source software package’s continued maintenance and
support. Application-based scientific software driven by a desire for quick results can be a more
palatable investment for funding agencies. In short, decisions that are well suited for open source
software may not be appropriate for scientific software, but a balance must be established to ensure
high quality research.

Timeliness/Maturity

Source control, testing platforms, and style guides have been available for a long time, but the
current abundance and transparency of open source software provides the scientific research
community countless high-quality examples to guide their development. Adopting well established
norms and integrating with highly regarded open source software packages enables research teams to
focus on custom features for their scientific software. Leveraging existing styles and packages can also
free time and budget to create documentation and tests. In the long run, this adds credibility to the
research by ensuring reproducibility and building a user community.
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