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Abstract
The NCI invests heavily in research resources to serve the
research community, including datasets, biospecimen banks,
and networks of institutions in which clinical trials and other
human subjects research are conducted. These resources often
begin as grant-funded infrastructure initiated by scientists
based on their own scientiﬁc interests, with a subsequent
recognition of additional scientiﬁc uses. Although converting
existing project-speciﬁc research activities into research
resources may appear efﬁcient in terms of time and ﬁnancial
investment, challenges can arise that undermine this efﬁciency
and jeopardize future use. Here, we describe three challenges
in the conversion process: (i) project-based infrastructure

Introduction
Over the past two decades, the NCI has funded many large
research networks charged with addressing complex scientiﬁc
questions, including the Early Detection Research Network, the
Breast Cancer Surveillance Consortium, and the Cancer Research
Network (CRN). The overarching aim of such projects is to answer
speciﬁc research questions, but the institutional infrastructure,
scientist partnerships, data, biospecimens, and other potentially
reusable research products that develop during the projects may
be useful in answering additional questions. In theory, this reuse
should accelerate the pace of scientiﬁc discovery and create
efﬁciencies by avoiding duplication of costly infrastructurebuilding efforts. For example, a group of scientists who have
been working together in a partnership around one topic can be
tapped to explore a related topic, taking advantage of the existing
relationships and coordination mechanisms, with lower start-up
costs than a new network. While a project-speciﬁc research
resource may morph organically into a reusable research resource,
others are explicitly targeted for a more intentional, deliberate
conversion process.
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versus a research resource for a broader research community;
(ii) complexity versus ease of use; and (iii) individual professional goals versus research resource priorities. We use our
experience with the NCI-funded Cancer Research Network,
particularly the Virtual Data Warehouse, to illustrate each
challenge, concluding with strategies to mitigate each one. As
studies grow in size and complexity, an ever-increasing volume
of data, biospecimens, and human subjects research networks
will be available for conversion to resources for scientiﬁc
questions beyond those originally proposed. Addressing likely
challenges thoughtfully can result in a more efﬁcient conversion process and ultimately greater scientiﬁc impact.

The key steps involved in converting research infrastructure
created to answer speciﬁc questions into a resource with multiple
potential uses are straightforward. First, scientists and their staff
build the infrastructure necessary to accomplish the scientiﬁc
goals of their grant. Second, the infrastructure grows and matures
to the point where others see it as a potential resource for
answering other scientiﬁc questions. Finally, standardized
approaches and policies for use of the infrastructure are developed
and shared with the scientiﬁc community, who can now access a
new research resource. The required involvement and cooperation of numerous scientists in this process can create tensions with
the potential to undermine the availability and beneﬁts of the
resource. For example, delays may result in data sets that are
outdated or in staff departures that diminish network capacity.
In this article, we identify three common tensions that can
jeopardize the intentional conversion of grant-funded infrastructures to research resources. We illustrate these tensions with
examples from our experience working with the CRN and then
suggest strategies to mitigate these tensions. Thoughtful planning
for these tensions is essential to timely creation of widely accessible, readily usable, and highly impactful research resources from
grant-funded activities.

Example of the CRN
The CRN is a collaboration of integrated delivery systems with
formal research programs funded through federal and nonfederal
grants and contracts. The CRN received three cycles of NCI
funding that focused on the development of research infrastructure to support scientist-initiated, large-scale research projects on
par with the NIH R01 mechanism (1, 2). After an external
evaluation called for increased involvement of scientists outside
the CRN to ensure the infrastructure be used for maximum
scientiﬁc impact, NCI funded a fourth cycle focused primarily
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on the goal of converting the existing infrastructure to a research
resource for the broader cancer research community, eliminating
funding for speciﬁc research projects. A speciﬁc requirement was
that the network-wide data infrastructure, the Virtual Data Warehouse (VDW), be more accessible to qualiﬁed scientists seeking to
answer potentially high-impact scientiﬁc questions (3).
Several challenges emerged as the CRN moved away from its
original research focus to serving as a data resource. Many of these
challenges stemmed from the lack of data interoperability across
the participating delivery systems or from within delivery systems
themselves as information technology platforms changed over
time. The quality of available administrative and clinical data also
varied depending upon the research question, delivery system,
data source, and time frame, requiring a substantial investment of
time and programming resources to generate research-quality
data for each new study. Scientists working within the CRN were
aware of these challenges and able to navigate the systems
productively throughout earlier iterations of the Network; however, non-CRN scientists struggled to understand that it was not
possible to request and receive a self-contained dataset within a
period of days or weeks, as they could with other, more standard
available datasets. Instead, non-CRN scientists needed to work
closely with a CRN scientist, often one at each participating CRN
system, to explore the availability and quality of data pertinent to
their research question, requiring a large commitment of time and
resources to accomplish their goals. Furthermore, CRN scientists
found that providing support to non-CRN scientists did not
typically align with their own research interests and professional
goals, plus required a time investment that limited CRN scientists'
ability to produce publications and grant applications using the
data resource they had created. Because involvement of non-CRN
scientists in the design of the system was limited, these issues did
not surface until after the system had already been developed,
making ﬁxing the issues more difﬁcult.

Challenges in the Conversion Process
The challenges encountered are not unique to the CRN and are
common barriers to the conversion of infrastructure created for
speciﬁc research projects into a widely available research resource
with many potential uses. Drawing upon our experience designing, developing, and evaluating research resources, here we
describe three major challenges inherent to the conversion process: (i) project-based infrastructure versus a research resource for
a broader research community; (ii) complexity versus ease of use;
and (iii) individual professional goals versus research resource
priorities. While the speciﬁc details of each challenge may look
different in every network, there are common challenges across
networks and conversions that we highlight here.
Project-based research infrastructure versus a research resource
for a broader research community
Project-based research infrastructure is designed and developed
with an overarching goal, a targeted end user, and a speciﬁc set of
research questions to address (4). However, designing a functional, usable, and accessible resource to serve the future needs of
a dynamic, diverse scientiﬁc community requires careful consideration of the potential topics and scope of future studies. This
design process beneﬁts from the engagement of scientists outside
the original team. In the CRN, we observed that the process of
thinking about future research questions primarily involved
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members of the CRN themselves, which hindered the identiﬁcation of innovative future uses and narrowed the breadth of data
incorporated into the VDW. This then limited the usefulness of
the data resource for projects led by scientists outside the CRN.
Whereas speciﬁc research projects are usually conducted by a
small group of scientists with shared interests, creating a maximally useful resource requires the involvement of a broad array of
stakeholders. This includes scientists from diverse domains and
interests who may use the resource in the future; nonscientists
who may have responsibility for data, biospecimens, or other
components of a potential research resource; funding agencies
that may wish to encourage projects using or extending the
resource; and community members who could potentially beneﬁt
from the research enabled by the resource. We recommend an
experienced, neutral facilitator to lead this process, someone with
the skills to elicit and draw together disparate perspectives and
priorities. We further encourage funding agencies to provide
support for all stakeholders involved in these efforts and to fund
in-person meetings to facilitate productive interactions and timely progress.
Complexity versus ease of use
Research infrastructures that grow out of networked science
bring together data, biospecimens, research staff, and other components from multiple sources. The heterogeneous nature of
these sources is often one of the most valuable aspects of a
research resource, yet the resulting complexity can be a substantial
barrier for scientists posing new questions. Seeking to make the
data as useful as possible, CRN scientists and staff pooled an
enormous volume of data from numerous administrative and
clinical systems. Each speciﬁc research project then had to convert
data collected for nonresearch purposes into research-ready data,
a months-long process in which staff at each site documented
the exact meaning of each data element and how it was coded,
identiﬁed and resolved outliers and missing data, and assessed
temporal changes in data availability and quality. The resulting
expense and delays hindered use of data from multiple CRN sites
and thus reduced the beneﬁt of the research resource.
Although it is difﬁcult to make data, biospecimen, networks,
and other research resources simple, there are ways to make these
resources, including the accompanying documentation and processes, less complex and more accessible to a broader audience.
While collaborating with network scientists on using the data can
help, it can also lead to additional challenges, detailed in the next
section. The research scientists involved in creating research
resources can beneﬁt from the knowledge and skills of other
ﬁelds in adapting a resource for expanded use. For example, in
creating data resources, clinical informaticists could provide
expertise during the data conversion process and information
scientists could develop tools to support data curation and
documentation. Experts in the ﬁeld of human-centered design
can build user-friendly interfaces and tools designed to make
exploring and accessing resources less burdensome. We suggest
that domain scientists and funders identify and support experts
who can facilitate the creation of useful and usable research
resources.
Individual professional goals versus research resource
priorities
While scientiﬁc networks are often treated as entities in and of
themselves, they are composed of individuals with their own
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professional goals, which may conﬂict with the priorities of
developing a research resource. In the example of the CRN, we
observed that the network goal of increasing data access for
external scientists had little direct beneﬁt for individual CRN
scientists charged with supporting others seeking to use the data.
Similarly, whereas external scientists, funders, and other stakeholders may wish to prioritize rapid conversion of a projectspeciﬁc infrastructure into a research resource, project scientists
may want to share data, biospecimens, and access to participants
only after completing their work. These two examples reﬂect a
fundamental tension between providing a service that meets user
needs with the desire to do scientiﬁcally engaging work that
advances a ﬁeld of inquiry and provides an opportunity for career
growth (i.e., promotion and tenure). Both viewpoints have merits
yet are intrinsically in conﬂict.
The rise of team science has begun to shift universities and
other research organizations toward promotion and other
recognition activities that consider contributions beyond
authorship order and strongly encourage scientists to list the
creation of research resources on their biosketches and curriculum vitae. However, adoption has been slow, and peer review
continues to value more traditional accomplishments. We
believe the scientiﬁc community, including funding agencies,
must do more to move beyond a "class system," in which the
ultimate accomplishment is grants and publications in a
focused topical area, to an approach that similarly values the
contribution of scientists with the desire and skills to create
research resources that inﬂuence science more broadly. A critical ﬁrst step is funding support for research resource creation,
which will compensate scientists for this work and relieve
pressure to support themselves with project-speciﬁc work.
Another possibility is awarding formal, nonauthorship credit
to scientists responsible for creating a research resource on
which a publication is based, although this might inadvertently
reinforce the devaluation of the contribution of scientists who
developed the resource. Funding agencies could encourage, or
even require, that grant applications include information about
plans for making proposed research resources broadly available
at the end of the project, potentially also requiring sustainability plans and usage data in grantee progress reports. Creation
of an online database of research resources could make identiﬁcation of resources easier and provide recognition for the
scientists who created those resources but could also contribute
to a tiered system of valuing scientiﬁc contributions. We assert
that adequate reward and recognition is both the most important and most difﬁcult challenge in incentivizing scientists to
engage in the creation of research resources.

Conclusions
The NCI-funded CRN faced several challenges as it sought to
transform itself from a project-speciﬁc infrastructure to a research
resource available to the broader scientiﬁc community. In the
speciﬁc case of data, creation of widely useful resources was
hampered by limited input from scientists outside the Network;
unavoidably complicated data of variable quality within
and across sites, and over time; and prioritization of CRN scientist-driven work over resource creation activities. These challenges
are consistent with what we have seen in other networks
and can be categorized as three challenges inherent in the development of research resources: (i) project-based infrastructure
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versus a research resource for a broader research community, (ii)
complexity versus ease of use, and (iii) individual professional
goals versus research resource priorities.
The potential solutions to these challenges are not straightforward. Although acknowledging that they exist can help ease the
process of converting project-based infrastructures to research
resources, implementing real solutions will require expanded
engagement of scientists and other stakeholders, involvement of
experts with cross-cutting skills such as informatics, and increased
recognition of research resource creation as a legitimate and
meaningful contribution to science. Peer reviewers and funders
must consider resource creation a natural extension of research
projects that beneﬁts from thoughtful planning, inclusion in
study timelines, and adequate funding. Institutions and human
subjects could further encourage research resource creation by
recognizing that their contributions can be maximized through
appropriate use of their information to answer questions beyond
those of the original study in which they participated. Finally, the
challenges described here are not unique to NCI-funded networks
or cancer-related projects, so we encourage a broader conversation
across the scientiﬁc community to develop solutions.
Opportunities to convert project-based infrastructure to
research resources for the broader scientiﬁc community will
continue to increase as the prevalence of large projects and
research networks continues to grow. For example, numerous
NCI-funded Cancer MoonshotSM initiatives involve investment
in new networks and the infrastructure to support them
(https://www.cancer.gov/research/key-initiatives/moonshotcancer-initiative/funding). It is probable that these networks
will generate massive amounts of data, biospecimens, and
institutional collaborations that could be used for decades to
come in ways we have yet to imagine. Ongoing limitations in
research funding will likely increase the need to create broadly
usable research resources rather than build new infrastructure
for speciﬁc projects. Overcoming the challenges in converting
project-speciﬁc infrastructures to research resources will ultimately require scientists and funders to shift from viewing projects as
self-contained and time-delimited activities to recognizing that
many projects have potential uses far beyond those originally
envisioned.
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