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$2,000,000 per project (2). For academic
scientists, an inability to trust research
findings means an erosion of confidence
from the scientific community, decisionmakers, and the general public, as well as
the waste of scarce resources.
BARRIERS TO SHARING
Efforts to promote reproducible research
have varied. One widely supported strategy is to increase the availability of data
produced in studies, along with computer
code written to clean and analyze data.
Publishers and funders have instituted
policies mandating data deposition or data
management plans; however, success has
not been uniform.
There are disincentives to open sharing
of information. For academic research, rewards come from public presentations and
publications that lead to recognition within
the community, grants, and tenure. The
emphasis on publications to reap academic
rewards means that academic researchers
can be reluctant to release information or
even to fully describe their work. In industry, publishing is typically not a high priority; the goals are the provision of a product
(whether goods or services) that will outstrip competitors and provide monetary
rewards to investors. The need to obtain
patents or maintain trade secrets to protect intellectual property (IP) can provide
a strong financial incentive to not disclose
or share information. Corporations see relatively little advantage to releasing data for
research purposes, so any nonzero risk of
consequences (even if only hypothetical)
can be sufficient to shut down such efforts.
Certain barriers to data access and

BUILDING BETTER PARTNERSHIPS
Despite resources available to help guide
formation of industry-academia partnerships (5, 6), most such agreements lack
uniform approaches. We identify key issues
to be addressed by all parties in these partnerships (see the table). Some of the issues
apply to any collaboration whether with
industry, government, nongovernmental
organizations, or academics, but the points
bear repeating as problems continue to
emerge. All partners should identify any IP
concerns before engaging, and outline the
boundaries of the work (what should be
done in-house and what can be shared) before entering into any external agreement.
Industry representatives must engage university representatives (i.e., dedicated staff
in corporate relations, sponsored projects,
and/or technology transfer offices) directly.
Drafting contracts or even memoranda of
understanding with individual researchers
will likely be problematic because individuals may or may not have legal authority to
grant licenses or make promises about IP
rights arising from work performed by university personnel.
Early-career researchers will typically
have incentives to publicize their findings
in talks and publications, although some
might want to have exposure to industry research projects for which publication is not
an option. Industry-academia partnerships
involving students and postdocs will there-
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any companies have proprietary
resources and/or data that are indispensable for research, and academics provide the creative fuel
for much early-stage research that
leads to industrial innovation. It
is essential to the health of the research
enterprise that collaborations between industrial and university researchers flourish. This system of collaboration is under
strain. Financial motivations driving product development have led to concerns that
industry-sponsored research comes at the
expense of transparency (1). Yet many industry researchers distrust quality control in academia (2) and question whether academics
value reproducibility as much as rapid publication. Cultural differences between industry and academia can create or increase
difficulties in reproducing research findings.
We discuss key aspects of this problem that
industry-academia collaborations must address and for which other stakeholders,
from funding agencies to journals, can provide leadership and support.
Here we are not talking about irreproducibility caused by fundamental gaps in
knowledge, which are intrinsic to the nature of scientific research, but situations
in which incomplete communication and
sharing of techniques, data, or materials
interferes with independent validation or
future investigations. Irreproducibility has
serious economic consequences. Representatives of venture firms and industries
such as biopharma argue that they must
replicate findings from academic research
before investing. For preclinical research,
this can involve, on average, two to six researchers, 1 to 2 years, and $500,000 to

sharing confront both industry and academia, e.g., protecting privacy (3). There
are legitimate concerns about privacy of
research participants, or those whose data
is collected and used for research. This includes not only health-related data used in
preclinical and clinical investigations, but
also data used in studies of complex social
systems where, for example, the pooling of
massive data sets of cell phone use with
credit card information might conceivably
reveal confidential information. Use of
proprietary data obtained via researchercompany agreements that restrict data
access by others is being debated in the
social science community (4).
Sharing also has transactional costs,
such as time and resources required to
prepare data and materials for sharing, determining how and where to share, storing
and curating the data, and following up to
ensure that shared information is being
correctly understood.

INSIGHTS | P O L I C Y F O RU M

searchers, and regular meetings must occur
with all teams involved to ensure that expectations are being met and that there are no
misunderstandings. For larger-scale collaborations, such as consortia of universities,
government entities, and/or companies,
this becomes even more important. The
University of Michigan, for example, hosts
a consortium of over 65 companies working
together in a precompetitive environment
around automated and Internet-connected
vehicles (mcity.umich.edu). Regular meetings with groups representing many industries, combined with identical terms and
conditions for disclosure and data-sharing,
have helped ease concerns of releasing proprietary data and/or trade secrets. Likewise,
the Structural Genomics Consortium has
worked with firms and academics to determine structures of macromolecules and in
precompetitive demonstration of promising
clinical applications (8).

the incentive structures, lessons learned,
and quality assurance practices of industry
into academic education need to be more
fully explored.
University administrators could take
a more active role by randomly auditing
faculty research (performing quality assurance checks) to assess best practices
for reproducibility. Faculty and administrators would have to view such programs
as constructive, not punitive, with an eye
toward minimizing faculty burden. Alternatively, universities receiving corporate
sponsorship for research could be required
to return funding if the results prove to be
irreproducible—or research agreements
could incorporate bonuses to universities
for demonstrably reproducible work (9).
The way the tenure system is operationalized in many universities is antagonistic
to reproducible research. Universities need
to adopt better metrics for assessing quality
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ROLES FOR OTHER STAKEHOLDERS
Universities. Students and faculty in academia, and practicing scientists in industry, have not been adequately trained in
long-established best practices for experimental design, data science, and statistical analysis. Opportunities to incorporate

of research and a variety of contributions
for hiring and promotion in each school or
department, rather than relying solely on
quantity of publications or citation indicators. Robust partnerships with industry
should also be considered. Where appropriate, universities should recognize contributions of a range of researchers, including
data providers, method developers, technology innovators, and entrepreneurs.
Funding agencies. Major funding agencies (such as the U.S. National Institutes of
Health and National Science Foundation)
have begun to require that prospective
grantees provide information regarding reproducibility. If all funding agencies were to
require adherence to uniform standards, including a section in every proposal for how
the research team plans to test the reproducibility of its findings, universities would
have a strong incentive to comply quickly.
Follow-up monitoring after the receipt of
grants and during the course of the funded
research to ensure adherence to standards
for data-sharing and reproducibility is recommended. Funding agencies could recognize and reward principal investigators or
universities to incentivize data-sharing.
Funding agencies can do more in support of data and material repositories (10);
these are key resources in enabling tests of
reproducibility. To this end, as well, funders
can and should provide ongoing support
for software, open notebooks, data management systems, and other infrastructure.
Finally, although standard setting is not
a trivial endeavor, funding agencies should
support community-endorsed, disciplinespecific standards to define what constitutes useful and necessary metadata as part
of data deposition.
Journals. As more journals strive for transparency and mandate that data upon which
conclusions are based be shared, it is important that all collaborators on a project, both
academic and industry-based, understand
the ramifications of these requirements
in their dissemination plans. The consequences of ignoring that can be severe.
Journals have rejected submissions in late
stages of revision when it became apparent
that binding agreements between academic
authors and industry partners prevented
adequate sharing of data and methodologies, or the disclosure of funding sources.
Although some journals remain more
noncommittal about data sharing (12), a
growing number of journals and research
organizations have successfully adopted
policies that require data sharing upon
publication (see, for example, information
for contributors/authors at Science, Nature,
sciencemag.org SCIENCE
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Another impediment that would require
open communication between academic
and industry researchers is concern that
the joint research might expose some unintentional failing in industry processes or
products that will harm the organization’s
reputation. One possible approach to this
would be to suggest that industry be given
time to devise and implement corrections
to the problem that are published along
with the exposition of the problem, in the
same way that software patches are rolled
out with notifications of the vulnerabilities.
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fore likely be more successful with exploratory research projects instead of targeted
or trade-secret research.
If publication is a desired end result, it
will be important for academic participants
to understand whether or not their industry partner has the right to review (and potentially delay or veto) manuscripts before
publication. A recent study of archived research protocols and journal publications of
randomized clinical trials revealed that for
more than 80% of trials, the industry partner had such rights (7). In the interest of
integrity, transparency, and reproducibility,
researchers and academic medical centers
should be careful to retain academic freedom and fully declare any potential conflicts in papers or presentations.
Once the collaborative research agreement is executed, the terms need to be
explicitly communicated among the re-

Partnership issues
Both sides of industry-academia
partnerships need to explicitly
address key issues in writing before
the partnership begins, including:
• Has a research plan, including
agreed-on deliverables and
milestones, been included, and do the
academic researchers agree with all
its provisions?
• What data and/or materials are
needed to accomplish the goals of
the project? What material transfer
agreements (MTAs) will be needed?
• Who will be generating data?
• What will be proprietary? Industry
partners must make clear what
data are proprietary before they are
even collected and analyzed, and if
de-identification (e.g., of research
participants or origins of the data) will
obviate concerns.
• Even for proprietary data, to what
extent can industry agree to make
data available for replication purposes
in restricted-access data enclaves?
• Can results of the research be
presented at public meetings?
What approvals are needed? What
is protected by nondisclosure
agreements and what can be public?
• Will data be released, and what form
can the data take if made publicly
available (e.g., raw data, de-identified
data, aggregated data)? Data release
needs to be timely, intentional, and
done in compliance with agreements.
• Can released data be used to
extend research findings or only
to reproduce them?
• Can results be published? What
approvals are needed for publication?
Are there any restrictions on
publication?
• What happens to follow-up research
by the academic partner that is
based on the results of the
collaboration and/or has been
done with industry funding?
• Are patents expected as a result of
the research?
• What other institutional partners are
performing similar work that is related
to this agreement and could conflict
with a nascent partnership?
• What happens in the case of a dispute
around the terms of the agreement?

material transfer agreements (MTAs) and
other restrictions on presentation and sharing of research results be given to journal
editors at the time of submission. Editors
must enforce guidelines and policies by
rejecting manuscripts that do not comply.
Like funding agencies, journals and professional societies should acknowledge and reward good behavior (18).
The Creative Commons license CC0
(which waives all rights of data authors) is
attractive as it does not require data sets to
have a “provenance” trail and can thus ease
automated mining of data. However, lack of
provenance tracking in CC0 creates challenges for data evaluation, interpretation of
analyses, and accreditation of data generators, thus making CC-BY (in which author
attribution is required) attractive. Both continue to be discussed as aspirational goals.
Irreproducible research wastes time,
money, and resources. Academic researchers, universities, and other institutions,
industry, funding agencies, and editors all
have a role to play in raising research standards and creating an environment of trust
between communities. j
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and PLOS). In political science, prominent
journals such as the American Journal of
Political Science are requiring that once a
paper is accepted, the authors submit a replication data set or archive that will be reviewed and made available at the site upon
publication (13).
When it is not possible to de-identify protected participant-level data, journals have
insisted on other approaches, such as public
sharing of aggregated data or a statement of
how qualified researchers can gain access to
the full data set. For example, Science magazine has, after consultation with its board
and reviewers, allowed authors, on a caseby-case basis to provide aggregated data or
provide a randomly sampled subset of data
for replication to protect privacy of research
subjects (14, 15).
A step toward consensus among journals
was the development of Transparency and
Openness Promotion (TOP) guidelines for
journals (11). These guidelines identified different levels of transparency and disclosure
that could be mandated by journals, with
the highest level requiring that data, code,
and materials be submitted to a repository
and also that the analysis be verified by independent replication before publication.
Implementation of the TOP guidelines, however, is still a work in progress and cannot
by itself be a complete solution. Industry
and academic researchers are wary of more
administrative burdens, and journal editors
have been reluctant to impose norms in the
absence of community consensus.
Progress toward achieving consensus
within particular communities has occurred as well. The International Council of Medical Journal Editors recently
announced that, as of July 2018, submitted
reports of clinical trials must at a minimum
include a data-sharing plan, and reports of
clinical trials beginning after January 2019
will not be considered unless a data-sharing
plan is provided in a public registry prior
to enrollment of the first patient (16). The
Coalition on Publishing Data in the Earth
and Space Sciences is developing a site for
best practices as they evolve (17). Continued
dialogue within the publishing community
will help provide leadership in promoting
best practices.
Journals should continue to clarify guidelines about their data availability requirements and legitimate exceptions to those
requirements. The goal is for guidelines to
reflect modern standards and expectations
on reproducibility and to strive toward
higher levels of compliance in the TOP
guidelines. Journals should explicitly state
that funding sources, including in-kind contributions, and industry relations must be
disclosed and that information regarding
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