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This white paper was written as a contribution to the “Imagining
Tomorrow’s University: Rethinking scholarship, education, and institu-
tions for an open, networked era” workshop, a joint NIH/NSF-funded
event held 8-9 March 2017 in Rosemont, IL. In this paper, I present an
overview of what I consider open science, its importance, and how it
plays a role in my research agenda. I also discuss challenges faced in
pursuing research openness, and recommend changes to university
leaders to address these barriers.

Introduction

Working openly should be the default mode of science—after all,
how can we advance knowledge “by standing on the shoulders of
giants”3 if we cannot access or see those shoulders? This paper oper-
ates on the following definition of open science:

Open science, or more broadly open research, describes the activity of
performing scientific research in a manner that makes products and
findings accessible to anyone. This includes sharing data openly (open
data), publicly releasing the source code for research software (open-
source software), and making the written products of research openly
accessible (open access).

In this paper, I describe my views on why open science practices

are important (supported by relevant studies), and discuss the po-
tential societal impact of increased openness. I also summarize my
policy towards open science in my research agenda. Finally, I call out
pressing challenges to increased openness in research, and lay out
four recommended changes for university leaders that could help
encourage faculty to adopt better open practices in their research.

Importance of open science

Transforming research communities from traditional, closed environ-
ments to open ones is important for a number of reasons, including
(but not necessarily limited to) the following six. McKiernan et al.4
discuss these and additional benefits for researchers working openly.
Tennant et al.> review in detail the benefits of open-access publica-
tions to academics and society.

Accessibility: Openness in research ensures that research products,
particularly written output, remain accessible to all. This includes the
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research community, funders, policy makers, and the general pub-
lic. Accessibility of research products is particularly important for
publicly funded research—since the public paid for the research, the
public should have access to, and be able to benefit from, it. (This
does not prevent innovators or other parties from developing com-
mercial intellectual property based on the findings, but ensures that
the original discovery, when funded by the public, remains accessible
to all.)

Reproducibility: Releasing products of research, including software
and data, helps enable reproducibility. This is particularly true for
computational science, where a written description of methods can
never describe an approach as completely as source code. In general,
access to research software used to perform a computational study,
or the data from an experimental study, should enable others to
reproduce the findings of the original researchers. However, open
science is a necessary but not sufficient aspect of reproducibility,

as it can be challenging to reproduce or replicate results even with
available research software and data.®

Impact:  As a selfish motivation, performing research openly helps
increase the impact of work. Studies have shown that open-access
papers are cited more in most research fields. In engineering, open-
access papers are cited around 1.5 times more often than non-open-
access papers. Similarly, papers with associated open data were cited
9-50% more than those without.” Vandewalle? showed papers in

the image-processing field receive up to three times the number of
citations when source code is made available.

Establish priority: Some researchers hesitate to embrace open science
out of a fear of being “scooped,” where competitors will use some
findings, software tools, or data made available and then publish
first. However, contrary to this belief, practicing open science can
actually prevent being scooped: releasing preprints can establish
priority of discoveries or techniques prior to the publication of a
traditional peer-reviewed journal article.9

The peer-review and editorial process of such papers can take
many months or years, but journal articles are still necessary for re-
search findings to be considered valid (and for researchers to receive
credit). Publishing a preprint of an article publicly time-stamps the
work, even as it undergoes peer review and possible revision.

Encourages trust: Embracing openness in scientific research can help
encourage other researchers to trust published results, by giving
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the ability to inspect data or software. Soergel estimated that 5—
100% of computational results given by software may be incorrect
or inaccurate.'® While simply releasing source code openly will not
solve this problem, this is a necessary step towards verification and
reproducibility.

It’s nice: In addition to the above benefits, sharing products of re-
search openly is kind to colleagues and the greater research com-
munity, as it prevents people from wasting time by unnecessarily
repeating work. Like many graduate students, I began working

on my dissertation research by attempting to reimplement another
group’s method and reproduce some of their results in a paper. How-
ever, this group did not share any source code openly. As a result,

I wasted significant time guessing about minor implementation de-
tails or inputs not discussed in their papers. This could have been
avoided by sharing the source code, which would have allowed me
to more quickly move on to new work. Graduate students and other
researchers constantly face similar challenges that could be avoided
by greater openness in research.

Openness increases societal impact of research

Many published journal articles go unread, even in their topical
domains. One study of citation rates found that 27% of papers pub-
lished in the natural sciences and engineering go uncited’”-*> Those
who do read most papers likely come from research institutions sim-
ilar to those of the authors, even if the findings could be impactful
beyond these confines, for example by leading to policy changes or
technological solutions for humanitarian purposes. In part this is due
to the challenging technical content, jargon, and niche topics—but

it is also due to a lack of access to the journals where most research
findings reside. (Making the content of these papers actually under-
standable or digestible by most is another challenge.)

Considering the high and ever-increasing cost of scholarly journal
subscriptions, research results should not be limited to those with the
means to purchase access. By self-archiving (i.e., green open access)
or publishing articles in open-access journals, researchers can ensure
access for all members of society, including policymakers, funders,
members of the media, entrepreneurs, and the general public—or
scientists and engineers in the Global South.

Furthermore, being more open with all outputs of research (e.g.,
papers, software, data) could help improve the general public’s per-
ception and trust in scientific research. Simply making research prod-
ucts available will not solve all of these problems—for one, it will
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not sway those who strongly believe ideas contrary to fact. However,
ensuring everyone has access to the data researchers generate and
analyze, and the software tools on which we rely, could eliminate one
major barrier to trust in our findings."3

Open science and my research agenda

Over the past year and a half (September 2015-February 2017), as I
initiated and built my research group, I worked to crystallize my vi-
sion and plan for performing research openly. The guiding principles
I formed were heavily inspired by Lorena Barba’s Reproducibility PI
Manifesto,# the Peer Reviewers” Openness Initiative,'> and others.
However, in addition to these exemplars, my goals are also motivated
by the desire to work more openly than the norm in my field.

My research field includes computational modeling of combustion
and fluid dynamics, chemical kinetics, and associated numerical
methods, and lacks reputable open-access journals. As a gradu-
ate student, I began submitting preprints of my publications to the
arXiv'®, and later archived my (otherwise non-accessible) conference
papers on Figshare'7.

Since then, I have adopted the following policy for my group’s
research:

* All written research products are made openly accessible, either
through green or gold open-access avenues. Since my field gen-
erally lacks recognized, fully open-access journals, this objective
is typically met by submitting preprints to services such as arXiv,
engrXiv, Peer] Preprints, or Figshare, depending on the topic. Con-
ference papers, when not submitted to an open venue, are also
made openly available. Where possible, all preprints will be re-
leased under the Creative Commons Attribution (CC BY) license.™

(I choose, in general, to not follow the hybrid gold open-access

model by paying a non-fully open journal to make a paper accessi-

ble.)

¢ All new research software developed by my group will be done so
openly (e.g., on GitHub) and released publicly under a permissive
license, such as the BSD 3-clause license. The Git version-control
system is used to track the history of software projects, and re-
leases associated with publications or data are archived (with
DOIs) using Zenodo. In addition, we attempt to describe as
many implementation details as necessary to reproduce our work.

¢ All data generated through research, when serving as the basis
for a publication, is archived publicly and cited appropriately in
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our work. Figures and plotting scripts are shared via the CC BY
license and cited in our papers.

This policy will be implemented in part by incorporating its content
into funding proposals, for example in Data Management Plans.

In addition to these standards I established for my group’s re-
search, I have also gotten involved with and helped initiate some
community efforts to encourage and reward open science practices.

First, after participating in the working group on software credit
at the Third Workshop on Sustainable Software for Science: Prac-
tice and Experiences (WSSSPE3),%° I joined the FORCE11 Software
Citation Working Group as a cochair, and helped coauthor the re-
sulting Software Citation Principles.>® One purpose of standardizing
software citation is to help ensure authors/developers receive aca-
demic credit for their work in releasing open research software. I also
serve on the editorial boards of the Journal of Open Research Software>>
and Journal of Open Source Software®3, which offer publication venues
focused solely on open-source research software.

I have also collaborated with colleagues in engineering fields to
improve venues for open-access publications. I serve on the editorial
board of The Journal of Open Engineering, and published an editorial
discussing the importance of open publishing in engineering.>* With
some of the same collaborators, I helped initiate engrXiv®>, an open
archive for engineering publications, inspired by the arXiv.

Challenges to performing open science

In my view, the challenges impeding greater adoption of open-
science practices are mainly institutional and cultural, rather than
technical. General venues for sharing and developing the products of
research openly abound these days, with the availability of services
like arXiv, engrXiv, and Peer] Preprints for ensuring open access of
publications; repositories like GitHub for developing (and version-
controlling) research software openly; and data and software archives
like Zenodo and Figshare, which practically have no file size limi-
tations.?® Of course, some technical problems remain: How do we
make results of computational science, particularly when it involves
demanding high-performance computing resources, truly repro-
ducible? How can we cite software and data consistently, when the
version might change regularly?

Instead, cultural inertia and lack of institutional recognition/
rewards pose the most significant challenges to increased openness in
science.

In my opinion, the biggest barrier to greater openness in research
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is ambivalence or outright hostility in many research communities.
Many academic researchers either disagree on or are unaware of the
importance (and benefits) of working openly. Since they were not
trained in doing this, e.g., during graduate school or during postdoc-
toral training, they also may simply be unaware of how to research
openly, or the resources that are available to do so. Furthermore,
since most of their colleagues, collaborators, and competitors do not
practice open science, no pressure comes from the research commu-
nity to change. In addition, some communities do not support or
actively oppose activities such as submitting preprints.

This lack of pressure is related to the other major issue: lack of
institutional recognition and reward for open practices. In general,
academic researchers will work on what gets them credit for promo-
tion and tenure—anything beyond that requires strong intrinsic moti-
vation, or external motivators from the research community. At most
institutions, promotion and tenure review includes some judgement
(whether explicit or implicit) of where faculty publish their work, but

7

many, “high-impact”’ traditional publication venues—particularly

domain journals—may not support, e.g., the posting of preprints.

Recommendations for university leaders

The following list of recommendations are mostly targeted at chang-
ing criteria for promotion and tenure, and performance reviews, to
encourage faculty to practice more open science:

e Consider accessibility /openness of research products along with
quantity and “quality” in promotion and tenure review. Mandate
self-archiving of publications (i.e., green open access).

® Recognize research products such as software and data, and their
associated impacts (e.g., citations), as equal to traditional publica-
tions in scholarly impact.

* Reduce the importance of publishing in traditional venues for pro-
motion and tenure, recognizing these may be barriers to openness.

® Support efforts to teach undergraduate and graduate students
about open science skills, and those necessary to work with soft-
ware and data, with the same enthusiasm that traditional lab
courses receive.

Research communities that impede openness cannot be forced to
change from the outside. Instead, by making changes to institutional
award systems, researchers will be encouraged to improve their open
practices, and thus evolve communities from the inside.

6
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