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Abstract

Funding agencies and institutions are creating initiatives to encourage interdisciplinary research that can be more easily translated into
community initiatives to enhance health. Therefore, the current research environment calls for interdisciplinary education and skills to
create sustained partnerships with community institutions. However, formalized opportunities in both of these areas are limited for
students embarking on research careers. The purpose of this paper is to underscore the historical and current importance of providing
interdisciplinary training and community dissemination for research students. We also suggest an approach to begin to address the exist-
ing gap. Specifically, we suggest embedding a 10-week summer rotation into existing research curricula with the goals of: (1) providing
students with a hands-on interdisciplinary research experience, (2) facilitating dialogue between research students and community
settings to disseminate science to the public, and (3) sparking collaborations among researchers who seek to create a way to sustain
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Although the need for interdisciplinary research appears to be
contemporary, its importance is not new.! Many researchers
whose discoveries are the foundation of the basic sciences
were interdisciplinary in a Renaissance sense; they embodied
interdisciplinary research by making significant contributions
across multiple disciplines. Sir Isaac Newton, physicist and
mathematician, was largely responsible for the 17th century
scientific revolution and the creation of calculus. Rene Descartes,
mathematician and philosopher, invented the Cartesian
system and the philosophy of mind-body dualism. Similarly,
physician, surgeon, and philosopher Claudius Galen contributed
foundational texts on human anatomy and the circulatory system,
but espoused the idea that the perfect physician should also be a
philosopher.? The purposes of this paper are to: (1) underscore
the historical and current importance of interdisciplinary training
and community dissemination for research students and (2)
suggest an approach to address the current gap in interdisciplinary
education.

Interdisciplinary Research and Education

Origins

Influential scientists understood the importance of educating
future researchers using an interdisciplinary approach. One of
the founding fathers of neuroanatomy, Santiago Ramon y Cajal,
stressed the need for breadth of knowledge in educating future
scientists: “the biologist does not limit his studies to anatomy
and physiology, but also grasps the fundamentals of psychology,
physics, and chemistry”> Likewise, Pierre-Simon Laplace,
mathematician and astronomer, conferred that “to discover
is to bring together two ideas that were previously unlinked.”>
Modern thinkers such as E. O. Wilson,’ Linus Pauling,* and Anne
Fausto-Sterling® have cultivated scientific schools of thought that
emerged from interdisciplinary research. Therefore, the spirit of
interdisciplinary research lies at the core of basic science, and
particularly its translation to widespread use.®

The current need for interdisciplinary education and research
Research trainees currently receive specialized training in a
particular discipline and seldom interact with students from other
disciplines.” Discipline-specific training is critical for ensuring
research excellence within fields.® However, training that is solely
discipline-specific can affect students’ ability to be competitive for
successful research careers.” In fact, students are encouraged to be
specialized early on in their education (i.e., undergraduate school)
with course requirements that are very focused.” With little
exposure to an interdisciplinary educational approach, students
may lack the ability to incorporate an interdisciplinary approach
later on in their research careers. At some level, interdisciplinary
training is occurring. Examples include problem-based learning
in medical schools such as the Cleveland Clinic Lerner College of
Medicine," interprofessional programs sponsored by the Macy’s
Foundation, and Clinical and Translational Science programs.
However, these opportunities are still limited. The lack of such
training teaches students to treat scientific disciplines as separate
entities. Thus, unless students are enrolled in programs that
cut across disciplines, they may receive little to no training in
conducting interdisciplinary research.

This problem is escalated in graduate education where
subspecialization forces students to learn a single discipline in
depth and further separates professionals in different disciplines.
This often occurs in the field of medicine where surgeons and
internists, at times, have trouble communicating about a patient
because they are no longer speaking the same language that
they learned in medical school. Cross-disciplinary training
has decreased because early subspecialization has become the
new paradigm in medical training with students going directly
into specialties such as cardiothoracic surgery. In the past,
these residents were required to train in general surgery prior
to specializing. Medicine has changed in that midlevel medical
providers and nurses now work alongside physicians more than
they did before. However, most of these providers are still highly
trained in a specific field. We must be careful in the medical field
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not to lose the great benefits of interdisciplinary training both for
clinical effectiveness for patients but also for creating innovative
and effective research programs.

Recommended solutions

Incorporating an interdisciplinary component to existing
academic-year curricula can be challenging because of already
packed schedules. Therefore, we suggest starting the formal aspect
of interdisciplinary research education with a structured, ten-
week summer program. The first goal of the summer program
could be to provide students with a hands-on interdisciplinary
research experience paired with interdisciplinary discussions
among the students. A team of four or five researchers from two
disciplines would lead the program and be available to mentor
students. Ideally, this team could consist of two of three pairs of
researchers from different disciplines who already collaborate
on research projects. At the start of the summer, the team of
researchers would each give a 15- to 20-minute talk about their
research to the incoming group of summer students. After the
talks, students would be asked to select a primary mentor from
one discipline and a secondary mentor from a different discipline.
Students would then participate in research training in the
primary mentor’s lab based on a research question formulated
with the mentor. The secondary mentor would help students to
examine their question from an interdisciplinary perspective
via meetings and focused readings. Students would regularly
be brought together throughout the summer to discuss their
research and to receive insight into overcoming hurdles related
to using an interdisciplinary approach. During these meetings,
mentors would assist the students in explaining their research
to one another in layman’s terms. At the end of the summer,
students would give 15- to 20-minute talks to the team of
researchers and to their fellow students about the findings from
their research projects. Below, we present two sample settings (i.e.,
a medical setting and a university setting) to illustrate examples
of interdisciplinary teams.

Setting 1: At Massachusetts General Hospital, the Center for
Transplantation Sciences conducts research on immunologic
mechanisms to facilitate patients’ tolerance to organ transplants.
Their work requires researchers from multiple disciplines
including medical doctors who specialize in infectious disease,
surgeons, and cardiologists as well as PhD-trained researchers
who are immunologists to work together. The center consists
of multiple labs with a different principal investigator leading
each lab. In our suggested summer rotation, in this setting, a
student would choose a primary mentor from one lab (e.g., genetic
engineering) and a secondary mentor from another lab (e.g.,
transplantation biology).

Setting 2: At Boston University, PhD-trained researchers
from two labs have been examining the relationship between the
structure of the foot arch and walking across the lifespan.'"* The
goal of this research is to understand the association between form
(i.e., arch structure) and function (i.e., walking). The researchers
are an occupational therapist and a biological anthropologist.
The occupational therapist brings expertise in quantifying and
rehabilitating human movement and walking in children and
adults. The biological anthropologist is an expert in reconstructing
the locomotor habits of early humans via an examination of the
human foot. Many of the students that these researchers have
mentored in their labs are undergraduates who go on to medical
school. In our suggested summer rotation, in this setting, a student
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would choose one of the researchers as a primary mentor and the
other as a secondary mentor.

Disseminating Science to the Public

History
Similar to the origins of interdisciplinary research, there is
also historical precedence to public science dissemination. The
Christmas lectures held at the Royal Institution in London began
with alecture by the scientist Michael Faraday in 1825 to introduce
science to young children even before formal science education
was provided.” Today the lectures are an important forum for
scientists to discuss the relevance of their research findings to
those outside of the research community. A recent longitudinal
study showed that children demonstrated a change in their
understanding of the brain after attending a Christmas lecture,'
speaking to the impact of the Christmas lectures. Exposure
to science also occurs via programs designed to disseminate
findings to the public such as Neil deGrasse Tyson’s Cosmos:
A Spacetime Odyssey or the televised moon landing in 1969.
A more modern version of the Christmas lectures are the TED
talks: a yearly conference series that began in 1990 with the goal
of disseminating world-changing ideas of experts to the public.'¢
The World Science Festival in New York city, which showcases
the work of scientists to the public over a week every spring also
demonstrates how this can be accomplished.

Dissemination of science to the public can also serve to further
our current research culture where senior research students (e.g.,
graduate students) often mentor junior research students (e.g.,
undergraduates) who show interest in pursuing research careers.
Senior research students could use public science dissemination
as a tool to motivate and recruit young people to science.
Introducing research in community forums may be impactful
for youth particularly from underrepresented minority groups
who often decide prior to graduate school whether to pursue
careers in science.'” This can then serve to increase diversity in
science, which can make science even more relevant to solving
complex problems of society. Therefore, integrating public science
dissemination into research education could have far-reaching
effects for the scientific community and for society.

Public science dissemination as a necessity

Two aspects of what is now a difficult funding climate make public
science dissemination a necessity.'® First, the challenge of obtaining
federal funding for research has led more scientists to explore
funding opportunities from other sources such as community
organizations, foundations, corporate sponsors, or philanthropists
(e.g., crowd funding). These organizations are often interested in
the broader impact of research at the community level making
it imperative that scientists communicate the public relevance
of their work. Second, funding agencies such as the National
Institutes of Health (NIH) have called for health-related research
to be translational: from bench to bedside.”” Collaborating
with community organizations increases the potential to
conduct translational research by partnering with those whose
lives researchers hope to improve. In particular, community
organizations may provide access to relevant consumer groups.
Public science dissemination can also positively influence policy.
It is critical to educate the public and policymakers about the
important contributions of science to society to ensure that funds
are dedicated for scientific research and education. However, few
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students of science are instructed on how to communicate their
findings effectively to the public.”’

Recommended solutions

A second component to the proposed 10-week summer
program would facilitate dialogue between research students
and community settings to foster better communication between
scientists and nonscientists and enhance the relevance of scientific
work to everyday life. In addition to choosing a primary and a
secondary research mentor, at the start of the summer, students
would also be asked to choose a community organization to which
their scientific work would be relevant. For this component, the
students would need to build partnerships with their selected
organization and write a “TED-style” talk on their research to
present to the community organization. The talk could be a
lay person’s version of the talk that they would present to the
mentoring team at the end of the summer.

Setting 1: Within a medical setting, students could partner
with hospital communications managers who sponsor community
events for patients (e.g., community health forums) or with local
community organizations who would be open to sponsoring a
forum for community members (e.g., local YMCA).

Setting 2: PhD-trained researchers can partner with one or
more community organizations relevant to their work. For example,
the researchers in Setting 2 from the first example, partnered with
the Museum of Science in Boston where both the researchers and
their students had informal opportunities to disseminate science to
the public. The suggested 10-week summer program would allow
for a formalized presentation format to the public.

Institutional Mechanisms for Interdisciplinary Research

Federal and educational
Interdisciplinary research is clearly an important aspect of our
current research environment. Two major US funding agencies,
the NIH and the National Science Foundation (NSF), have
mechanisms that encourage interdisciplinary collaborative
research among scientists.

Educational institutions have also created mechanisms to
encourage interdisciplinary research within universities. Major
universities offer grants to facilitate interdisciplinary research
collaborations. These internal grant mechanisms aim to bring
together researchers from multiple disciplines that will lead to
large working groups.

It is this climate that students of science will enter after leaving
doctoral programs and postdoctoral fellowships. Yet, limited
opportunities exist for research students to obtain formalized
training in establishing sustainable interdisciplinary research
programs that are the basis of the new grant mechanisms available.

Contribution of grant funding rates

Traditionally, research students have been trained to establish
large, individual research programs that they pursue over the
majority of their careers. Such research programs require high-
levels of funding to be operational: to have a thriving laboratory
with state-of-the-art equipment and well-trained staft. However,
falling funding rates threaten the sustainability of large, individual
research programs. At the NIH, overall funding rates for individual
researcher grants (i.e., R01s) have dropped by 10% from 27.6% of
applicants receiving funding in 2005 to 17.5% of the applicants
being funded in 2013.2* Last year alone, over 60% of the NSF
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Social, Behavioral, & Economic Sciences budget has been cut from
$256 to $150 million.” Therefore, it is advantageous for talented
researchers from multiple disciplines to pool their resources by
working collectively. It is even more critical for future researchers
to be engaged in this process from the very beginning of their
training. Hence, providing interdisciplinary training for research
scientists is central to the sustainability of science.

Recommended solutions

To be practical and sustainable, the proposed interdisciplinary
summer program would require funding from federal or
institutional resources. From the federal perspective, both
NIH and NSF advertise program announcements (e.g., BIRT:
Building Interdisciplinary Research Team Revision Awards) or
solicitations (e.g., INSPIRE: Integrated NSF Support Promoting
Interdisciplinary Research and Education) for interdisciplinary
research. Examples of internal grant mechanisms at universities
include Harvard (e.g., Harvard Catalyst Grant), Boston University
(e.g., Coulter Translational Partnership), and Stanford (e.g.,
Interdisciplinary Research Award). Grants sponsored by the
Patient-Centered Outcomes Research Institute, which mandate
stakeholder involvement, could also be used to link researchers
with consumer groups and organizations. The research mentoring
team that we propose to lead the 10-week summer program could
target grant solicitations to: (1) provide summer funding for the
student program (e.g., stipends for students, summer salary for
researchers on 9-month appointments) and (2) initiate long-term
relationships with community organizations.

Limitations

We acknowledge several limitations. First, we recognize that the
suggested program cannot entirely fill the gap in interdisciplinary
training. Therefore, future directions may require partnering
with organizations that could support the suggested program on
a national scale (e.g., the Association of American Physiatrists
who sponsors the Rehabilitation Research Experience for
Medical Students program). Second, there are practical barriers
to interdisciplinary collaboration that may not be addressed by
an interdisciplinary summer research program. For example,
competitive funding environments, authorship standards,
and promotion criteria at times may not recognize the equal
intellectual contributions of multiple investigators.

Conclusion

We suggest a practical approach to educating future researchers
about performing interdisciplinary research and creating
partnerships with community organizations. We not minimize
the importance of excellence within disciplines nor the difficulties
inherent in creating interdisciplinary collaborations.* However,
training students to incorporate interdisciplinary thinking into
their research repertoires is important for creating sustainable
solutions for the future of science.
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