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Betterincentives are needed to reward
academic software development

M Check for updates

oftwareinnovationis critical for inte-

grating, synthesizing and modelling

big data in ecology and evolution'?,

and increasingly underlies analyses

in high-profile research. However,
underappreciation of the support needed to
create and maintain the software that under-
pins scientific advances could cause stagna-
tion, lead to insufficient maintenance and
stifleinnovation.

Software development in ecology and
evolution, and perhaps across other fields
as well, is at an important junction. Open
software underpins most research today,
increasing accessibility for scientists to per-
form state-of-the-art analyses. Positions that
require programming skills have correspond-
ingly doubled over the past decade’. The accu-
racy and reproducibility of scientific results
isincreasingly dependent on updating and
maintaining software. However, the incentive
structure in academia for software develop-
ment — and especially maintenance — is insuf-
ficient. It is time that appropriate incentives
are embraced to reflect theirimportance.

When releasing new software, developers
often follow the standard academic credit
model and publish a ‘software note’. But after
publishing, the work of the developers has
only just begun. Maintenance often neces-
sitates more effort than the original devel-
opment*, requiring bug fixes, user feedback,
security upgrades, and maintaining system
standards and compatibility with changing
dependencies. Although this work is essential
to the ongoing life of the software, it lacks
a formal academic credit model. Software
notes that describe upgrades are often not
considered publishable by journals, which
means that developers are expected to pro-
vide free maintenance without professional
incentive.

How canwe best reward academic software
development and maintenance? Without the
novelty required for higher-profile journals,
most publication opportunities are limited
tolower-profile journals with more restricted
audiences. Similarly, larger grants are availa-
ble tosupport new software rather than main-
tenance. Citations and grants for software are
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Fig.1| Currentincentive structures do not reward academic software maintenance. Academic software
developers do very time-consuming work that is not fully recognized (in the ‘software development
basement’) — particularly regarding the maintenance of existing software — with few incentives to help in
their career progress (‘the wheel of postdoc contracts’). Software developers provide valuable tools
(represented by the code-filled pipes) that other researchers use for state-of-the-art analyses in their own
publications (paper weight scale). After a typical initial publication presenting version 1.0 of the software,
there are no career-advancing incentives to reward the considerable time and expertise that are needed

to maintain and further develop the software. Ironically, this can make the CVs of software developers less
competitive than those of users who depend on their work, unless we advance a new credit model that

rewards software maintenance.

tangible credits for first versions of software,
but may not be sufficient incentive for con-
tinuing maintenance.

This lack of credit poses a tough decision,
especially for early-career scientists. Hiring,
promotion and tenure opportunities are
based on standard academic credit such as
publications’. Investing time in updating and
maintaining software may limit the career
opportunities of developers relative to non-
developers, asthese activitiesdonotaddtoa
CV —although, ironically, nondeveloper sci-
entists rely on maintained software (Fig. 1).
Despite calls to expand the professional evalu-
ation criteria beyond traditional CV items®,
adoption of these changesis slow and diffuse.

We mustimplement new policies to alignaca-
demic career goals with scientific goals.
Academia may lose its most brilliant devel-
operswithout credit models to advance their
careers. Alternative, well-paid careersinindus-
tryare compelling for developers whobecome
disillusioned in academia’. Concurrently, a
resignation wave s hitting academia®and the
recruitment of graduate students, postdocs
and pre-tenure-track personnel has become
increasingly difficult’, so academic positions
withtransferable, in-demand skills are at risk.
Existing approaches in response to these
creditissues are unsustainable or undesirable.
Some projects outsource programming to
consultants, which is problematic because:
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(1) development often requires domain knowl-
edge to make user-friendly code; (2) financial
costs are prohibitive for most laboratories;
and (3) retaining developers for maintenance
is difficult because higher-paying jobs await
elsewhere. This leaves us constantly training
nonbiologists at a high expense. Other pro-
jectshirea professional developer whois will-
ingtowork atbelow market value through the
luck of a personal connection to the research
or researchers, which is unfair for the under-
valued workers. A final option — commonin
industry —is for software developers to keep
their code proprietary, requiring payment
(financial or collaboration on papers) to share
their work.

How can the academic credit problem for
software maintenance be addressed? We
propose the creation of a new class of article
for software updates to provide an outlet for
developers to receive academic credit for
these updates. The logic is simple — major
software updates that are impactful for sci-
entific conclusions and reproducibility are
as important as the original version release.
Publications describing updates also acknowl-
edge and incentivize new contributors, thus
advancing collaboration. Journals should pub-
lish noteworthy update articles for the soft-
ware that they originally featured in software
notes to ensure that the impact scales with
theoriginal publication. A precedent already
exists for brief updates — journals regularly
publish corrigendato existing articles to cor-
recterrors. Extending this concept to feature
updates (and omitting the error connotation)
would result in new citable and indexed arti-
cles that reward developers using the exist-
ing academic credit model. Importantly for
journals, such updates could only increase
their impact factor (like reviews or editorials
that only contribute to the numerator of this
index). Software developers caninclude these
articlesin their CVtoincreaserecognition dur-
ing professional evaluation.

An alternative, more-challenging solution
would be to establish a specialized software
journal (or subsection of an existing journal)

thatincludes update articles. Similar to ‘data’
articles, such ajournal would define standards
onmetadata, quality controland sufficiency of
updates. In addition to incentivizing mainte-
nance, software update articles could option-
ally be used to advance training by mirroring
the format of current package vignettes, while
also benefiting vignettes by encouraging peer
review. The details of a dedicated software
journal would need to be further developed
with extensive community input.

We must urgently come together toremove
career-based constraints on our science-based
software needs. We must support academics
with both domain training and expertise in
software development. These individuals are
the key tomaintaining openscience infrastruc-
ture. They are also central hubs in facilitating
collaborations that link scientists with tradi-
tional skill sets to cutting-edge data analysis
that truly leverages the power of big data.
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