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PREFACE vii

Preface

As never before, behavioral and neurological diseases are moving to the
forefront of public health concerns; witness the Surgeon General's Report on
Mental Health. Many of the leading causes of morbidity and mortality in the
United States are recognized as having major social and behavioral determinants.
Psychological stress has been linked to many health outcomes; researchers and
public health officials are becoming increasingly interested in unraveling the
mechanisms behind this relationship. Sociologists have identified changes in the
age, ethnic, racial, and cultural makeup of the American population, changes that
have an impact on biological, psychological, and social processes. As scientists
and health care providers examine the intricate interplay among genes,
environments, behaviors, and diseases, health problems newly emerging, as well
as those that have plagued us over time, present complex challenges for research.
The biomedical advances of the past decades have dramatically increased our
understanding of the links between behavioral and neural processes and disease.
These advances make it clear that fuller understanding demands the integration of
knowledge and concepts from multiple disciplines.

To make that understanding possible, we must create an environment to
promote interdisciplinary research and training. Although its importance has been
stressed many times in the past decades, there is now a groundswell of support
for interdisciplinary research. Universities, funding agencies, and groups of
investigators are looking for ways to make it occur. New research centers are
being created with the specific goal of promoting interactions among the
disciplines.
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PREFACE viii

Peer review at NIH has been recently revamped, in part to facilitate
interdisciplinary research. Nonetheless, obstacles persist.

This Committee was charged with examining the need for interdisciplinary
research and training, identifying the obstacles that stand in the way, and defining
the components of training necessary to create scientists able to bridge disciplines
in the brain, behavioral, and clinical sciences. The committee includes members
with expertise ranging from sociology to neurophysiology, from basic science to
the clinic, from investigators with a single discipline to leaders of broad
interdisciplinary programs. We met four times. At our first meeting, we heard
from the Directors of the National Institute of Mental Health and the Office of
Behavior and Social Science Research. They described their goal of developing
scientists able to bring an integrated approach to the health problems facing
today's society. NIH and NSF program officers described the mechanisms
currently available to fund training programs.

At the workshop we convened, university and industry program directors
described their existing training programs and the obstacles they encounter. We
discussed potential solutions with an invited panel of scientists and university
administrators. The directors of several NIH institutes were invited to comment
on whether and why they felt interdisciplinary research and training were
necessary. There was a clear consensus that such is an appropriate direction for
today's science, but the evidence on the best way to proceed is limited. IOM staff
read through dozens of funded grant proposals, reviewed program descriptions
and brochures, and talked with program directors to learn the scope of the
mechanisms currently in use. They reviewed hundreds of requests for
applications to identify the interests and opportunities of the funding agencies.

Early in our deliberations we agreed that that interdisciplinary research itself
is not the goal; rather the need for it emerges from research questions. Some
problems are best tackled with the methods and concepts of a single discipline;
others require integration across disciplines. It is important to define the issues
appropriate for interdisciplinary techniques and to carefully consider the
disciplines that should be involved in developing the solutions.

Examples of interdisciplinary efforts are diverse. They include the
collaboration of investigators working together on a difficult problem, the
stimulation of thought and direction that occurs with facilitated interactions, the
translation of clinical and basic science findings through exchanges between
clinicians and researchers. Because definitions of interdisciplinary research are so
varied, identifying interdisciplinary publications, grants, training, and research
proved to be extremely challenging. Furthermore, data on the successes (or
failures) of existing funding mechanisms are limited. Without outcome data, we
cannot assert definitively what are the “best” or the “necessary” approaches to
encourage interdisciplinary training. For future evaluations, this gap needs to be
filled. It will not be easy to develop mechanisms to track training outcomes, but
to do so is essential and merits a major investment of effort.
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PREFACE ix

Training in existing single disciplines should be broadened so that all
graduates become aware of the ideas and methods at the borderlines of their own
fields. On the one hand, basic scientists should be introduced to the scope of
clinical problems; clinical investigators should be kept abreast of laboratory
research. The aim is to create “informed consumers,” able to understand other
disciplines and to recognize ideas applicable to their own work.

The many obstacles that discourage interdisciplinary efforts are summarized
in our report. The point we emphasize here is that they can be surmounted with
the support of universities and funding agencies. With appropriate incentives,
trainees can be encouraged to broaden their horizons. Not all those trained with
an interdisciplinary perspective will do interdisciplinary research, but the
education they receive should provide the capacity to integrate information from
other disciplines when, and as, it becomes appropriate over a lifetime in research.
Funding agencies can deploy the large variety of mechanisms available to them to
promote interdisciplinary training in order to overcome obstacles and enhance
research.

Because interdisciplinary research is flourishing at many universities, some
might feel that additional attention is unnecessary. We believe that despite this
activity, there is a need to set directions, facilitate training, and evaluate the
programs. We view our recommendations as guidelines to enhance training
opportunities for all scientists and allow them to participate in interdisciplinary
efforts to solve today's complex health problems.

Leon Eisenberg

Chair
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EXECUTIVE SUMMARY 1

Executive Summary

Never before have there been such opportunities to understand the human
brain and behavior. The advances in biomedical science of the last 50 years have
provided the foundation for addressing the complex health problems of today's
society. Building on those advances, science is now poised for substantial
progress as investigators are ready to bridge disciplines. To achieve the health
goals of the 21st century, scientific training and research must bring together
many scientific fields that offer different insights and technologies.
Interdisciplinary efforts need to be facilitated at all levels of teaching and
research. This report offers recommendations to delineate, enhance, and
accelerate a process that is already reflected in many training and research
programs. Although this report focuses on examples from brain and behavioral
science, the principles presented should be broadly applicable in scientific
research.

Newly emerging health problems, as well as those that have plagued us over
time, are proving to be surprisingly complex as scientists and health care
providers begin to recognize and appreciate the intricate interplay among
environment, behavior, and disease. Within broad fields, such as mental health
research, the need to understand the entire human organism, not just one part of
it, is driving disciplines toward each other as scientists seek better ways to
prevent, diagnose, treat, and control such illnesses as schizophrenia and bipolar
affective disorders, and learning disabilities. Solutions to existing and future
health problems will likely require drawing on a variety of disciplines and on
approaches in which interdisciplinary efforts characterize not only the cutting
edge of research,
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EXECUTIVE SUMMARY 2

but also the utilization of knowledge. The next generation of scientists must be
prepared to integrate the advances of rapidly progressing disciplines.

The history of science and technology demonstrates that many important
advances have come from an interdisciplinary approach. For instance, laser
surgery, which involved ophthalmologists, anatomists, and physicists, and has
saved thousands of people from severe vision impairment or blindness;
“designer” seeds, which were developed by geneticists, bioengineers, and
botanists to create crops that resist damage from insects and herbicides. Examples
in neuroscience and behavior include cloning the gene associated with
Huntington's disease and understanding the contribution of stress to disease.

CHARGE TO THE COMMITTEE

In recognition of the need to train scientists who can address the highly
complex problems that challenge us today and fully use new knowledge and
technology, the National Institute of Mental Health (NIMH), the National
Institutes of Health (NIH) Office of Behavioral and Social Sciences Research
(OBSSR), the National Institute on Nursing Research (NINR), and the National
Institute on Aging (NIA) asked that an Institute of Medicine (IOM) Committee:

* Examine the needs and strategies for interdisciplinary training in the brain,
behavioral, social, and clinical sciences to enhance the translation of brain/
behavior to clinical settings and vice versa.

* Define necessary components of true interdisciplinary training in these areas.

» Examine the barriers and obstacles to interdisciplinary training and research.

* Review current educational and training programs to identify elements of
model programs that best facilitate interdisciplinary training.

The task of the committee is based on the premise that interdisciplinary
research and training are important. Because input from nine NIH institute
directors indicated full agreement with the premise, the committee focused on
how, rather than if, interdisciplinary research and training should be pursued. The
committee broadly interpreted its charge as a request to provide guidance on how
to bring together scientists from different fields to explore new frontiers and to
train new scientists so they would be prepared to interact with multiple
disciplines.

Because evaluations of the success of interdisciplinary training programs are
scarce, the committee could not specify the “necessary components” or identify
the elements that “best facilitate” interdisciplinary training. Instead, after
reviewing existing programs and consulting with experts, the committee
identified approaches likely to be successful in providing direction for
interdisciplinary
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EXECUTIVE SUMMARY 3

endeavors at various career stages. The committee is aware of the costs that

might be incurred in implementing its recommendations. In many instances, it

will be a matter of shifting resources; in others, new resources will be needed.

Until program plans are established, detailed accounting cannot be developed.
For the purposes of this report, the following definitions were adopted:

* Interdisciplinary research is a cooperative effort by a team of investigators,
each expert in the use of different methods and concepts, who have joined in
an organized program to attack a challenging problem. Ongoing
communication and reexamination of postulates among team members
promote broadening of concepts and enrichment of understanding. Although
each member is primarily responsible for the efforts in his or her own
discipline, all share responsibility for the final product.

» Translational research is a subset of interdisciplinary research that integrates
information from clinical settings and basic research laboratories.

* The aim of interdisciplinary training should be to produce researchers who
are capable of participating in or directing interdisciplinary research. These
researchers are critical to an interdisciplinary team. It is analogous to an
orchestra, whose leader (the conductor or the director of an interdisciplinary
team) coordinates highly specialized individuals to produce harmonious
outcomes. The leader would be expected to be able to converse freely with
persons in disparate fields and to facilitate the interactions among team
members. The team members would be responsible for issues involving their
expertise and would develop a working knowledge of each others' fields. The
composition of the “orchestra” would not be fixed, but, rather, would change
depending on the particular problem at hand. With time, participants would
expand their understanding of other fields while continuing to contribute
their own expertise.

THE POTENTIAL OF INTERDISCIPLINARY RESEARCH

Both single disciplinary research and interdisciplinary research are needed to
develop methods for prevention, diagnosis, and treatment of disease and to
understand the basic mechanisms of brain and behavior. Many problems are best
approached within a single discipline. Investigators in single disciplinary work
have contributed enormously to our understanding of basic biology and human
health—B. F. Skinner in operant conditioning, von Bekesey in audition, and
Hodgkin and Huxley in nerve conduction are examples. Interdisciplinary
approaches often build on single disciplinary discoveries. Disciplines evolve from
interdisciplinary efforts as exemplified by neuroscience. This relatively new
discipline developed as scientists from different fields came together to solve
common scientific problems about the nervous system. Neuroscience is a
dynamic discipline in which new fields continue to be integrated.
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EXECUTIVE SUMMARY 4

Many research problems facing today's society require coordinated efforts
from multiple disciplines. Cross-fertilization between clinical and basic scientists
can stimulate research and enhance understanding of pathologies. For example,
genetic analyses and imaging techniques have significantly advanced our
understanding of the pathophysiology of schizophrenia. Clinical observations of
patients with memory loss, in conjunction with basic research on memory,
provided insights into the numerous types of memory that exist. Funding of
Alzheimer's Disease Research Centers brought together clinical and basic
scientists from multiple disciplines and produced striking progress in the
development of promising interventions. A great many interdisciplinary programs
currently exist. Whether developed through the encouragement of a funding
agency or the leadership of an individual, these programs illustrate the breadth of
what can be achieved when disciplines come together to solve a problem. To
ensure the future of interdisciplinary research for solutions to complex problems,
training is essential to prepare the next generation of investigators to tackle these
interdisciplinary tasks.

Interdisciplinary research is an approach, not an end. It should arise out of a
challenge; that is, it should develop in response to a problem that cannot be
embraced by a single discipline. Interdisciplinary research should not be
conducted for its own sake, but, rather, as a deliberate response to specific
research needs. It is important to identify the scientific problems for which an
interdisciplinary focus is important and to avoid indiscriminate support of
anything interdisciplinary. To assist funding agencies in this identification
process, the scientific community should be consulted.

RECOMMENDATION 1

Federal and private research sponsors should seek to identify
areas that can be most effectively investigated with interdisciplinary
approaches. This should be done by engaging the scientific
community through symposia, working groups, or ad hoc
committees. Funding mechanisms, such as Requests for Applications or
Proposals, should be developed to address the identified areas.

BARRIERS TO INTERDISCIPLINARY RESEARCH AND
TRAINING

The literature is replete with descriptions of the traditional and persistent
barriers to interdisciplinary research. Disciplinary jargon and cultural differences
among disciplines are serious problems. Surveys show concerns among
researchers about perceptions of interdisciplinary science as second-rate. A
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EXECUTIVE SUMMARY 5

sense of superiority within each discipline and the view that other disciplines are
less rigorous or important also present barriers. Good communication skills help
to alleviate such problems, but scientists often lack the appropriate training and
proficiency. Interactions among investigators (both planned and unplanned) can
promote communication and encourage interdisciplinary collaboration; the
creation of central facilities or common areas can increase the probability of such
interactions.

There are concerns that training in interdisciplinary fields will not prepare
graduates for a career. The explosion of information within each scientific
discipline raises concerns about how long it would take to attain expertise in one,
let alone two or more, fields. The duration and cost of education are increasing,
and added interdisciplinary requirements could be discouraging. Debt is an issue,
especially for medical students, among whom the mean debt of graduates was
over $80,000 in 1997. To encourage clinicians to engage in research, NIH's loan
repayment programs can repay educational loans up to $35,000 per year for
eligible researchers employed at NIH. Extending these debt repayment programs
could provide an increased incentive to pursue interdisciplinary research training.

Because publications and successful grants are essential for promotion and
tenure, the concern that interdisciplinary research will reduce the likelihood of
first-authorship and of funding presents an additional obstacle. New journal
policies that call for defining the contribution of each author of multiauthor
papers can offer a means to provide appropriate credit for a collaborative effort.
NIH recently developed a new peer review system intended to eliminate any
disadvantage for translational and interdisciplinary science. It will be important to
monitor the new system for the success of interdisciplinary proposals relative to
single disciplinary proposals. Despite the abundance of requests for
interdisciplinary proposals from funding agencies and interagency collaborations
that bring together multiple perspectives, scientists express concerns about
obtaining support for interdisciplinary research. Partnerships among NIH
institutes, among government agencies, or between government and the private
sector often provide a broad base of support for interdisciplinary research and
training.

Interdisciplinary programs are growing at academic institutions. Institutions
vary, however, in their policies on distribution of credit for interdisciplinary
efforts. Some allocate resources among the investigators and their units, but
others credit only the person listed as the principal investigator. University
leadership can promote collaboration by crediting participating faculty fairly.
Some funding programs call for evidence of institutional commitment to an
interdisciplinary effort, which can range from an annual meeting with
investigators and university administrators to substantiation of a supportive
infrastructure.
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RECOMMENDATION 2

Funding agencies and universities should remove the barriers to

interdisciplinary research and training.

To that end, funding agencies should:

Require commitments from university administration to qualify for funding

for interdisciplinary efforts. These should include supportive promotion
policies, allocation of appropriate overhead, and allocation of shared
facilities.

Facilitate interactions among investigators in different disciplines by
funding shared and core facilities.

Encourage legislation to expand loan repayment programs to include
investigators outside NIH who are engaged in funded interdisciplinary
and translational research.

Support peer review that facilitates interdisciplinary research. In reviewing
interdisciplinary research proposals, they should use peer review groups
that include scientists in multiple disciplines who are themselves actively
engaged in interdisciplinary research. The system recently has been
modified at NIH with encouragement of interdisciplinary and
translational efforts in mind. Resulting changes should be tracked to
determine their impact on funding of interdisciplinary grants.

Continue and expand partnerships among funding agencies to provide
the broadest base for interdisciplinary efforts. These can be inside an
agency through the formation of new alliances among institutes or
divisions; they can also be among agencies—such as NIH, NSF, the
Department of Defense, and Department of Energy—or between the
private and public sectors.

Indicate in funding announcements that training is an integral component
of the interdisciplinary research project.

Universities should:

Allocate appropriate credit for interdisciplinary efforts. They should include
a fair allocation of research overhead costs to the home departments of
all investigators and a fair crediting for faculty contributions to
interdisciplinary research and teaching.

Review and revise appointment, promotion, and tenure policies to ensure
that they do not impede interdisciplinary research and teaching.

Facilitate interaction among investigators through support for shared
facilities. Universities can provide common gathering areas and ensure
that new facilities are designed to promote interaction.

Encourage development, maintenance, and evolution of interdisciplinary
institutes, centers, and programs for appropriate problems.
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EXECUTIVE SUMMARY 7

PREDOCTORAL AND POSTDOCTORAL TRAINING
PROGRAMS

There is currently a multitude of interdisciplinary predoctoral and
postdoctoral training programs. The committee examined over 100 of these
training programs and the variety of mechanisms they use to promote
interdisciplinary research. Most predoctoral and postdoctoral training programs
try to provide trainees with grounding in a particular discipline while encouraging
interdisciplinary interactions. Often they focus on a particular problem, such as
emotion, sleep, aging, or affective disorders. In addition, the programs aim to
provide the skills necessary to understand other disciplines and to communicate
with those in other fields. Training mechanisms include coursework, seminar
series, journal clubs (to promote critical thinking about the scientific literature),
laboratory rotations (to expose students to a range of faculty, techniques, and
experimental approaches), and research presentations (to improve communication
skills). Interdisciplinary programs often encourage mentorships from more than
one sponsor to ensure multiple perspectives. Many provide students with a forum
(e.g., summer courses, symposia, and off-site meetings) in which to interact with
experts in relevant fields. These gatherings are generally intended to encourage
bonding of students with each other and the faculty and to provide students with a
network of experts that includes both their contemporaries and more senior
scientists, creating a resource for interaction and collaboration throughout the
career.

Support for predoctoral and postdoctoral fellows can be provided by an
investigator's grant, individual fellowships, and institutional training grants.
Under an investigator's award, the postdoctoral fellow is an employee who
provides a vector for interaction between two or more laboratories. Fellowships
award a stipend directly to the person, who can elect to participate in ancillary
training opportunities. Institutional training grants (for example, the T32 National
Research Service Award from NIH, the Integrative Graduate Education and
Research Training Program from NSF, and some support mechanisms from
private foundations) provide coordinated training activities for a cohort of
students. The T32 grants do not cover completely the direct costs associated with
the administration of the programs. The financial burdens resulting from the
administrative costs of training programs can limit the motivation of universities,
departments, and faculties to participate. That is especially true of
interdisciplinary programs, which are more expensive because they require more
coordination.

TRANSLATIONAL RESEARCH TRAINING

In recognition of the need to bridge the bench-to-bedside gap, many
federally and privately funded programs support the training of physician-
scientists. Foundations have played a key role in encouraging translational
research and
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EXECUTIVE SUMMARY 8

training through funding efforts such as the Markey Charitable Trust grants and
the Robert Wood Johnson Clinical Scholars Program. Programs leading to MD/
PhD degrees, such as the Medical Scientist Training Program (MSTP) of the
National Institute of General Medical Sciences, can be effective in producing
clinical researchers. To support nonphysician clinicians as contributors to
translational research, NIH offers training programs for dentists and nurses that
are similar to those tailored to MDs. (e.g., the Dental Scientist Training Program
and NINR's Career Transition Award).

Although the doctoral training of the MSTP is primarily in the biological,
chemical, and physical sciences, the program also will support degrees in social
and behavioral sciences, computer sciences, economics, epidemiology, public
health, bioengineering, biostatistics, and bioethics. However, it is unusual for
universities to implement the provision for degrees outside the traditional
biomedical disciplines despite evidence that MD/PhD graduates with a PhD in the
humanities are strong contributors to academic medicine. In recognition of the
need for MDs to understand the behavioral and sociological aspects of disease, to
address the important issues of behavior change and adherence, and to think
globally about population and environmental factors in disease, training in these
nontraditional fields should be strongly encouraged.

Exposing basic scientists to clinical problems also can enhance translational
research. Several university programs now provide clinical experience for
trainees that allow students to see patients, handle pathology, and become
informed about major diagnostic and therapeutic facilities, as well as to learn
about the mechanisms of disease. In addition, to train doctoral fellows in clinical
research and drug development, some pharmaceutical companies have developed
fellowships in partnership with universities.

CAREER-LONG TRAINING OPPORTUNITIES

Training opportunities need to be available at all stages of a career. Granting
mechanisms specifically aimed at junior faculty and new investigators can
provide an incentive to move toward interdisciplinary research questions.
Training for those established in their careers can encourage scientists to acquire
new approaches or to obtain a different perspective in their research efforts. Such
opportunities do exist, some geared toward developing an interdisciplinary
perspective, but others could easily be adapted to that purpose.

Federal funding agencies and private foundations have several programs
that support junior faculty, providing opportunities to broaden their scope. One
innovative mechanism available through NIH is the Supplement to Promote
Reentry into Biomedical and Behavioral Research Careers (NIH Program
Announcement 99-105). It provides up to 3 years of support to people who have
been out of research for several years but are ready for an independent research
position. Principal Investigators on eligible NIH awards can submit an
administrative
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supplement to support the reentering researcher on an effort directly related to the
funded parent grant. The decision to fund a supplement takes about 8 weeks.
Administrative supplements are also available for Underrepresented Minorities
and Individuals with Disabilities (NIH Program Announcements 99-104 and
99-106). The committee recognizes the potential for this type of mechanism to
promote interdisciplinary research.

Foundations have been at the forefront of the effort to support
interdisciplinary efforts among faculty. Examples include the Bridging Brain,
Mind, and Behavior initiative from the McDonnell Foundation and The William
T. Grant Foundation Faculty Scholars Program, which strongly encourage
interdisciplinary efforts that otherwise might not be funded by traditional
sources. The MacArthur Fellows Program uses an alternative approach, investing
in the individual rather than a particular project and allowing the fellows to work
in multiple disciplines, to train in a new field, or to change direction in their
careers.

Although midcareer training often occurs informally, several funding
approaches provide additional opportunities. Career development awards are
available through NIH and various foundations for established scientists to
expand their scope. Sabbaticals often allow an opportunity for researchers to learn
new techniques and explore new ideas. Faculty development programs, including
departmental seminars or formalized courses at a person's home institution, can
present interdisciplinary perspectives. Meetings and workshops provide informal
training to senior investigators. Federal and private programs supporting these
approaches are available and should be encouraged.

Consortia and multi-institutional programs also provide opportunities for
continued learning and far-reaching integration of research efforts in multiple
disciplines. An example of a successful consortium is MacArthur Foundation's
Program on Human and Community Development that encompasses several
research networks to address economic opportunities, community capacity, child
development, and mental health. Each network individually has a broad scope.
The full program further integrates the networks in an effort to obtain real
solutions for community problems.

Interdisciplinary research is not intended to supplant disciplinary efforts;
rather, such training should be available to provide opportunities to explore new
areas outside a single discipline. Broad training early in a career and continued
training throughout a career can provide the tools to integrate multiple disciplines
when required by the research question.
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RECOMMENDATION 3

Scientific education at early career stages should be sufficiently
broad to produce graduates who can understand essential
components of other disciplines while receiving a solid grounding in
one or more fields. Criteria for NIH-supported research training should
include both breadth and depth of education. Funding mechanisms to
support interdisciplinary training in appropriate fields (as identified in
Recommendation 1) should provide additional incentives to the universities
and the trainees along the following lines:

e Through the NIH Medical Scientist Training Program, encourage
participating universities to support MD/PhD programs in the
social and behavioral, as well as biomedical, sciences. Although
existing program language permits such graduate study, training in
social and behavioral science (e.g., anthropology, economics,
psychology, and sociology) is undertaken infrequently. NIH can highlight
the need for such graduates and encourage grantees to recruit them.

e Promote translational research, an important aspect of
interdisciplinary training by (1) Providing clinical experience in PhD
programs. This can range from support for single courses that expose
students to human pathophysiology to training programs that require
both basic research and clinical experience; (2) Supporting PhD
programs and postdoctoral mentored career development awards
for physicians, nurses, dentists, social workers, and other
clinicians.

* Create partnerships with the private sector to develop and support
interdisciplinary training. Many of today's students will enter private
industry to do translational research. Others will go on to careers in
teaching, publishing, science policy, science administration, or law.
Interdisciplinary perspectives are as important to success in these
careers as they are in research.

e Expand the T32 training grant awards to cover the full direct costs
of implementation. This change will provide the resources necessary to
support the greater expenses encountered in an interdisciplinary training
program.

RECOMMENDATION 4

Funding agencies should establish a grant supplement program
to foster interdisciplinary training and research. This would be
administratively modeled after the supplements that exist for minorities and
people with disabilities, and for people reentering research after a hiatus.
Investigators with research grants who have interdisciplinary training
opportunities should be able to obtain supplemental funds for qualified
candidates through a relatively short application form with expedited
review. Successful pilot efforts will provide data to support further
applications for career development and research.
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RECOMMENDATION 5

Funding opportunities for interdisciplinary training should be
provided for scientists at all stages of their careers.

* Implement career development programs that encourage junior
faculty to engage in interdisciplinary research. Junior faculty need to
be successful in the early phases of their research, so they are less likely
than senior faculty to pursue interdisciplinary research.

* Support midcareer investigators in developing expertise needed for
interdisciplinary research. These programs should include
sabbaticals, career development awards, and university-based, formal
courses for faculty development to enhance interdisciplinary and/or
translational research.

e Continue funding for workshops, symposia, and meetings to bring
together diverse fields to focus on a particular scientific question.
In such an environment, cross training of the investigators and
encouragement of collaboration would develop naturally.

e Support consortia and multi-institutional programs that provide
integration of research efforts from multiple disciplines.

EVALUATION—HOW DO YOU KNOW WHICH PROGRAMS
WORK TO ENCOURAGE INTERDISCIPLINARY EFFORTS?

Despite decades of discussion about interdisciplinary needs, data to support
the requirement for and effectiveness of the available mechanisms are scanty.
Why is there a lack of data when there is so much interest? The committee faced
this obstacle in its review of interdisciplinary programs and determined that a
process for evaluation of programs is needed. The collection and evaluation of
interdisciplinary training outcomes, however, are tremendously complex and
difficult. To know whether interdisciplinary training promotes interdisciplinary
research, it is necessary to have a method of identification for interdisciplinary
research and training programs. To measure the outcome of the programs, it is
necessary to have methods that will accurately reflect their success in promoting
interdisciplinary research.

The challenges of deciding what is classified as “interdisciplinary,” defining
the markers of “success,” and providing mechanisms to identify and track the
efforts are daunting. Universal and meaningful definitions of interdisciplinary
and translational are needed to begin developing evaluation methods. Once these
definitions are agreed on, an appropriate labeling mechanism would allow the
funding agencies to define which training programs are to be tracked as
interdisciplinary and to define which projects are interdisciplinary for outcome
analysis.
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Defining success is complex. The general measures of success for those who
conduct interdisciplinary research are the same as for those who conduct single
disciplinary research—grants awarded, publications, tenure and rank, and
laboratory size. To address the effectiveness of interdisciplinary training
programs, however, requires additional measures, such as whether graduates
maintain an interdisciplinary approach in their work, as reflected by the nature of
their collaborations, joint appointments in multiple departments, publishing of
interdisciplinary papers, or obtaining grants with interdisciplinary themes. Most
funding agencies require training programs to report on the achievements of
previous trainees. Reporting provides data for the evaluation of each individual
program; but because data are not collated across programs, reporting does not
allow assessment of the granting mechanism. Furthermore, it does not answer the
question, Did the training produce more interdisciplinary research? The success
of interdisciplinary initiatives can also be evaluated through the resulting changes
in universities and in funding agencies. Opportunities for interdisciplinary
research and training might encourage academic institutions to revise promotion
policies, actively encourage collaborations across departments, or promote
training programs with interdisciplinary perspectives. Funding agencies might
alter the peer review system, improve profiles for funding of interdisciplinary
proposals, or introduce new mechanisms to support interdisciplinary efforts.
Devising an approach to track and evaluate interdisciplinary training and research
programs will be extraordinarily challenging and should be the subject of
extensive analysis by people with appropriate expertise.

RECOMMENDATION 6

NIH should develop and implement mechanisms to evaluate the
outcomes of interdisciplinary training and research programs.

* Identify interdisciplinary research and training as such in all federal
grants to facilitate future analyses. The committee suggests a box on
the cover sheet of grant applications indicating whether the applicant
considers the work to be interdisciplinary. If so, the applicant should list
on a continuation sheet the participating disciplines represented among
the investigators and mentors and the interdisciplinary aspects of the
research or training.

* Establish a task force to develop a plan to track outcomes of
interdisciplinary training and research programs. Outcomes should
encompass, but not be limited to, career patterns and interdisciplinary
efforts of trainees (for example, research focus, findings, and
publications), changes in universities (for example, in administrative
structure, in interdisciplinary research, and in interdisciplinary training
opportunities), and changes in funding agencies (for example, funding
profiles for interdisciplinary proposals).
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The committee encourages interdisciplinary training and research, not from a
philosophic belief in “interdisciplinarity,” but from the knowledge that many
scientific problems are refractory to solution by the methods of a single discipline
and require the incorporation of concepts and methods from several disciplines
simultaneously. Interdisciplinary research is flourishing in our institutions—
despite the barriers. The question is how best to facilitate, direct, and evaluate its
growth.

RECOMMENDATION 1

Federal and private research sponsors should seek to identify areas
that can be most effectively investigated with interdisciplinary approaches.

RECOMMENDATION 2

Funding agencies and universities should remove the barriers to
interdisciplinary research and training identified in this report. To that end,
funding agencies should:

* Require commitments from university administration to qualify for funding
for Interdisciplinary efforts.

* Facilitate interactions among investigators in different disciplines by
funding shared and core facilities.

* Encourage legislation to expand loan repayment programs to include
investigators outside NIH who are engaged in funded interdisciplinary
and translational research.

* Support peer review that facilitates interdisciplinary research.

* Continue and expand partnerships among funding agencies to provide
the broadest base for interdisciplinary efforts.

* Indicate in funding announcements that training is an integral component
of the interdisciplinary research project.

Universities should:

» Allocate appropriate credit for interdisciplinary efforts.

* Review and revise appointment, promotion, and tenure policies to ensure
that they do not impede interdisciplinary research and teaching.

* Facilitate interaction among investigators through support for shared
facilities.

* Encourage development, maintenance, and evolution of interdisciplinary
institutes, centers, and programs for appropriate problems.
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RECOMMENDATION 3

Scientific education at early career stages should be sufficiently broad
to produce graduates who can understand essential components of other
disciplines while receiving a solid grounding in one or more fields. Criteria
for NIH-supported research training should include both breadth and depth
of education.

e Through the NIH Medical Scientist Training Program, encourage
participating universities to support MD/PhD programs in the social and
behavioral, as well as biomedical, sciences.

* Promote translational research, an important aspect of interdisciplinary
training by (1) Providing clinical experience in PhD programs; (2)
Supporting PhD programs and postdoctoral mentored career
development awards for physicians, nurses, dentists, social workers, and
other clinicians.

* Create partnerships with the private sector to develop and support
interdisciplinary training.

e Expand the T32 training grant awards to cover the full direct costs of
implementation.

RECOMMENDATION 4

Funding agencies should establish a grant supplement program to
foster interdisciplinary training and research.

RECOMMENDATION 5

Funding opportunities for interdisciplinary training should be provided
for scientists at all stages of their careers.

* Implement career development programs that encourage junior faculty to
engage in interdisciplinary research.

e Support midcareer investigators in developing expertise needed for
interdisciplinary research.

e Continue funding for workshops, symposia, and meetings to bring
together diverse fields to focus on a particular scientific question.

* Support consortia and multi-institutional programs that provide integration
of research efforts in multiple disciplines.

RECOMMENDATION 6

NIH should develop and implement mechanisms to evaluate the
outcomes of interdisciplinary training and research programs.

* |dentify interdisciplinary research and training as such in all federal
grants to facilitate future analyses.

e Establish a task force to develop a plan to track outcomes of
interdisciplinary training and research programs.
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1

Introduction

We are not students of some subject matter but students of problems. And
problems may cut right across the borders of any subject or discipline.
— Karl Popper

Biomedical and behavioral research scientists, among others, have long
recognized the value of interdisciplinary research and collaboration. Many public
and private reports over the last 25 years have detailed the need for and
recommended development of interdisciplinary training activities to produce
scientists capable of working on complex problems, but cooperative efforts
remain difficult to achieve.

The history of science and technology demonstrates that many important
advances have come from an interdisciplinary approach. Examples abound: plate
tectonics, which brought together geologists, oceanographers, paleomagnetists,
seismologists, and geophysicists to advance the ability to forecast earthquakes
and volcanic eruptions; laser surgery, which involved ophthalmologists,
anatomists, and physicists, and has saved thousands of people from severe vision
impairment or blindness; “designer” seeds, which were developed by geneticists,
bioengineers, and botanists to create crops that resist damage from insects and
herbicides; and transistors, with which chemists and physicists revolutionized the
technology of electronic devices. Examples in neuroscience include the cloning
of the gene associated with Huntington's disease, which required the work of
neurologists, psychologists, sociologists, and geneticists; elucidation of important
aspects of the pathophysiology underlying Alzheimer's disease, which required
the expertise of neuropathologists, molecular biologists, neurologists, geneticists,
and protein chemists; development of medical and surgical treatments for
Parkinson's disease, which stemmed from the efforts of neurologists,
neuropharmacologists, neuropathologists, neurophysiologists, and
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INTRODUCTION 16

neurosurgeons; and development of medical and surgical treatments for temporal
lobe epilepsy, which resulted from the efforts of neurologists,
electroencephalographers, neurophysiologists, neuropharmacologists, and
Neurosurgeons.

The need for interdisciplinary research appears to be increasing. Newly
emerging health problems, as well as those that have plagued us over time, are
proving to be surprisingly complex as scientists and healthcare providers begin to
recognize and appreciate the intricate interplay among environment, behavior,
and disease. One need only point to HIV infection, heart disease, and drug abuse
(including tobacco use) as three prime examples of the intersection of behavior
and health. Within broad fields, such as mental health research, the need to
understand the entire human organism—not just one part of it—is driving
disciplines toward each other as scientists seek better ways to prevent, diagnose,
treat, and control such conditions as schizophrenia, bipolar affective disorders,
and learning disabilities. Many of the chronic conditions that challenge us today
do not respond well to the single investigator, single discipline model that worked
well in the past, as in the paradigm of infectious disease.® Solutions to current and
future health problems will likely require drawing on a variety of disciplines and
on approaches in which interdisciplinary efforts characterize not only the cutting
edge of research, but also the utilization of knowledge. The next generation of
scientists must be prepared to integrate the advances of rapidly progressing
disciplines.

The basis of many health problems is not well understood, and it is
increasingly recognized that many disorders have a wide array of causes.
Defining the causes of disorders is itself an important emerging field, and fuller
understanding will require input from many disciplines. Furthermore, addressing
the burden of illness requires understanding of both the biology of the disorder
and the cultural and psychosocial aspects of living with it. The problems are
complicated, and the solutions are not easy to come by; this might explain why,
despite the good intentions and fine recommendations of numerous previously
convened groups, change has been slow to come. Long-held biases, beliefs,
educational practices, and research funding mechanisms have created a system in
which it is easier to conduct unidisciplinary than multidisciplinary work. Creation
of environments in which interdisciplinary research and training occur will
probably require many changes and multiple integrated approaches. Although it
might be difficult, it is well worth the effort because many of today's disciplines
(e.g., neuroscience, biochemistry, and bioinformatics) started as interdisciplinary
efforts and many of today's interdisciplinary efforts will become tomorrow's
disciplines.

INTERDISCIPLINARY RESEARCH

Over the last 10 years, as interdisciplinary research has been discussed with
increasing frequency, several authors have offered definitions of interdisciplinary
research as a first step to developing a common understanding of its challenges.
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The dictionary defines it as involving two or more academic, scientific, or artistic
disciplines. Some have made distinctions among the terms interdisciplinary,
multidisciplinary, and transdisciplinary.” For the purposes of this report, the
following definition (modified from Luszki, 1958) of interdisciplinary research
was adopted:

Interdisciplinary research is a cooperative effort by a team of investigators,
each expert in the use of different methods and concepts, who have joined in an
organized program to attack a challenging problem. Ongoing communication and
reexamination of postulates among team members promote broadening of
concepts and enrichment of understanding. Although each member is primarily
responsible for the efforts in his or her own discipline, all share responsibility for
the final product.

INTERDISCIPLINARY TRAINING

Interdisciplinary training encompasses many approaches, from broadening
the graduate and postgraduate education of students so that they can understand
more than one discipline to exposing a midcareer single discipline trained
investigator to a second discipline to broaden her or his research capabilities.
Regardless of the method, the outcome is to produce individuals who are capable
of research focused on complex problems that require interdisciplinary solutions
—in short, interdisciplinary research.

Training in a single discipline is most likely to lead to future research with
the tools of that discipline. Interdisciplinary training broadens the possibilities by
providing additional tools. Training does not necessarily predict a researcher's
approach throughout a career. Some scientists trained in traditional disciplines go
on to conduct interdisciplinary research, and some trained in interdisciplinary
programs go on to conduct focused research in a single discipline. The human
factors involved in making these decisions are complex and unpredictable, as are
the situations that trigger them. However, it is generally expected that
interdisciplinary training will lead to more interdisciplinary research than will
single discipline training and that providing a broad-based interdisciplinary
background will facilitate the integration of disciplines by making concepts more
accessible.

TRANSLATIONAL RESEARCH

One of the important aspects of interdisciplinary research is translating
findings from the laboratory to the clinic or from the clinic back to the
laboratory. One historic example is the discovery of the gene mutation in sickle
cell anemia: a clinical investigator communicated his findings to a physical
chemist; the chemist then tested his hypothesis in the laboratory and provided an
explanation for the clinical findings (see chapter 2). This type of research requires
both clinical
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and basic science input—sometimes difficult to achieve. Basic scientists and
clinical investigators not only speak different languages, but often are not fully
aware of the scientific problems that activate disciplines outside their own. Can
we continue to interest a subset of basic scientists in focusing their technologies
and perspectives on problems that ultimately will help us to understand specific
illnesses? Can we enhance the exchange of information between basic and
clinical scientists and encourage their application of each other's findings?

INTERDISCIPLINARY RESEARCH IN THE BRAIN,
BEHAVIORAL, AND CLINICAL SCIENCES

Information emerging from the behavioral sciences, genetics, molecular
biology, and neuroscience is revealing the interconnectedness of the questions
being asked. Who poses the questions is likely to determine how the questions are
answered and what tools are used. Collective framing of the questions could lead
to better answers. At the very least, some scientists are recognizing that the tools
of other disciplines might be useful in their own work. For example,
psychologists increasingly are using artificial intelligence, brain imaging, and
molecular biology to map behaviors. Cognitive scientists are using imaging to
measure brain blood flow and metabolism in efforts to examine memory and
attention. Psychiatric researchers are turning to epidemiologists to help them to
identify risk factors, which in turn will lead to appropriate treatments or
preventive interventions.

Interest in promoting interdisciplinary research in the brain and behavioral
sciences is not new. As far back as 1951, a committee on research methodology
in mental health research reported to the Research Study Section of the National
Institute of Mental Health (NIMH) suggesting a series of interdisciplinary work
conferences to explore the “problem of interdisciplinary team efforts.”® The
Mental Health Study Act of 1955 put forward the policy of solving “the complex
and interrelated problems posed by mental illness by encouraging the undertaking
of nongovernmental, multidisciplinary research” into all aspects of mental illness
(see Joint Commission on Mental Illness and Health, 1961°).

In 1961, the Joint Commission on Mental Illness and Health reported
findings and recommendations for the national mental health program.’ One
recommendation stated, “efforts should be made to increase contacts between
researchers and practitioners so as to increase mutual understanding of each
other's problems and approaches.” In 1961, the predecessor of the National
Institute of Neurological Disorders and Stroke funded the first program projects
and clinical centers, which provided environments for interdisciplinary research.
Shortly after, Schermerhorn® published a psychiatric index for interdisciplinary
research to facilitate literature searches for investigators interested in
collaborating outside their own fields.
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Despite nearly 50 years of reporting on the need to do more, in 2000 the
necessity of interdisciplinary efforts to integrate the brain, behavior, and clinical
sciences is even more pronounced. Norman B. Anderson, director of the NIH
Office of Behavioral and Social Sciences Research (OBSSR) has stated that “we
simply will not have a complete understanding of behavioral or biological
processes by studying [biology and behavior] separately” (as quoted in Azar
1998,2 see also Anderson, 19981).

The Public Health Service has documented that many of the leading causes
of illness and death in the United States have social, behavioral, and lifestyle
components, such as tobacco use, lack of exercise, poor diet, and alcohol abuse.
Numerous studies have also documented that psychological stress is linked to a
variety of health outcomes, and researchers and public health officials are
increasingly interested in understanding the nature of this relationship. In
addition, sociologists have recognized the changing age, ethnic, racial, and
cultural composition of America's population;* the increasing diversity of the
population generates a need for interdisciplinary collaborations among
researchers to understand the multifaceted biological, psychological, and social
issues that are generated.

The breadth of expertise needed in many fields of research—such as mental
illness, drug abuse and addiction, and aging—spans many disciplines, including
behavioral science, neuroscience, pharmacology, genetics, epidemiology,
computer science, engineering, medicine, social structures, law enforcement, and
the mass media. Through interdisciplinary investigations, behavior and responses
to environmental conditions can be usefully linked to neurobiological processes
and brain structures. Many fields of inquiry require approaches and methods that
can be linked to a more complete understanding of complex relationships among
brain mechanisms, behavior, and pathology. Current advances in clinical and
behavioral research—if better integrated with research in molecular biology,
neurochemistry, and other neuroscience research—might have a substantial
effect on numerous health-related problems.

COMMITTEE PROCESS

The present study was requested by the directors of the NIMH, OBSSR, the
National Institute on Nursing Research, and the National Institute on Aging in
response to the need for interdisciplinary research to bridge the gaps among the
brain, behavioral, and clinical sciences. The NIH institutes are interested in
developing interdisciplinary training programs to increase the number of
scientists capable of studying brain/behavior problems. Creating this new breed
of scientists might require rethinking of the training process, including
redesigning research training programs and funding mechanisms to support
interdisciplinary training, research, and practice.
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In remarks to the committee on Building Bridges in the Brain, Behavioral,
and Clinical Sciences at its inaugural meeting, OBSSR Director Anderson
indicated that this study is directly related to one of the major goals of his office:
to integrate a biobehavioral or interdisciplinary perspective across NIH. He
expressed the need for behavioral health researchers who integrate the science in a
multilevel approach. At the same meeting, NIMH Director Steven Hyman cited
numerous examples where limited interaction among scientists in different
disciplines is hindering progress (e.g., mapping behavior onto the brain,
understanding the genetic basis of behavior, or relating functional imaging of the
brain to clinical phenomena). Hyman indicated that the “old models of training
are not providing what we need, and will need, to make the best of new
knowledge and technology.”

In requesting this study, the sponsors asked the committee to:

» Examine the needs and strategies for interdisciplinary training in the brain,
behavioral, social, and clinical sciences to enhance the translation of brain/
behavior to clinical settings and vice versa.

* Define necessary components of true interdisciplinary training in these areas.

» Examine the barriers and obstacles to interdisciplinary training and research.

* Review current educational and training programs to identify elements of
model programs that best facilitate interdisciplinary training.

The committee had to consider some complex questions. For example,
assuming that interdisciplinary health and behavioral research contributes to
scientific knowledge, there is still no consensus about the most appropriate
strategies for strengthening the capacity of the scientific community to conduct
such research. Is it more productive to address the weakness of the knowledge
base by strengthening individual disciplines or by encouraging interdisciplinary
research? Is there a benefit to be gained by forcing integration, that is, causing
fields to work together, or must this occur naturally?

To address its charge, the committee began by defining interdisciplinary
research as that described in the Interdisciplinary Research section in this
chapter. It identified translational research as a subset of interdisciplinary
research that translates information between clinical settings and basic research
laboratories. Within the context of translational research, clinician-scientists'
training was considered as a possible method for producing scientists that can
bridge the gap between clinical and basic sciences.

The committee gathered information through a workshop, interviews, a
review of selected training grants, and a survey of the literature. During the
workshop, Opportunities for Interdisciplinary Training (Appendix A), 11
directors of current interdisciplinary educational programs were selected to
present their
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training methods and describe barriers they had to overcome. Speakers were
invited to two of the four committee meetings to provide additional insight
(Appendix A). Interviews and consultations were conducted with representatives
of pharmaceutical companies, foundations, government agencies, and academic
institutions (Appendix B) and with the directors of 10 NIH institutes
(Appendix B). The committee reviewed 137 training programs (Appendix C)
identified as interdisciplinary by IOM staff, committee members, or funding
agencies; and it analyzed over 250 Requests for Applications (RFAs) or Program
Announcements (PAs). It also reviewed such written materials as commentaries,
editorials, training program descriptions, and reports from professional
organizations.

The task of the committee is based on the premise that interdisciplinary
research and training are important. The committee obtained the opinion of nine
NIH institute directors on the requirement for this approach. The responses
unanimously supported the need, although many acknowledged an absence of
data to support this belief. With this input, the committee focused on how, rather
than if, interdisciplinary research and training should be pursued.

The committee broadly interpreted its charge as a request to provide
guidance on how to bring together scientists from different fields to explore new
frontiers and to train new scientists so they would be prepared to interact with
multiple disciplines. While the report focuses on examples from brain and
behavioral sciences, the principles that developed from the deliberations should
be widely applicable in scientific research. Much of the committee effort was
focused on interdisciplinary research and training programs generally and on
review of a representative sample of specific programs. In reviewing programs,
the committee examined the role of university structures and the availability of
training and mentors in influencing change. Changing academic structures and
practices to support interdisciplinary research is a long and painstaking process
that requires involving and educating academic decision makers, rewarding
outstanding interdisciplinary scientists, and attracting excellent behavioral and
biological scientists to explore interdisciplinary approaches. To that end, the
committee examined means of encouraging interdisciplinary activities and
overcoming obstacles.

Because evaluations of interdisciplinary training programs are scarce, the
committee could not specify the “necessary components” or identify the elements
that “best facilitate” interdisciplinary training. Instead, after reviewing existing
programs and consulting with experts, the committee identified approaches that
were likely to be successful in providing direction for interdisciplinary endeavors
at various career stages. The committee is aware of costs that might be incurred in
implementing its recommendations. In many instances, it will be a matter of
shifting resources; in others, new resources will be needed. Until program plans
are established, detailed accounting cannot be developed.
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SCOPE AND STRUCTURE OF THIS REPORT

This report presents recommendations regarding the overall need for
interdisciplinary scientists in behavioral science and neuroscience, the type and
extent of training and funding mechanisms that might be needed to support
interdisciplinary training programs and research, and the overcoming of barriers
to the development and support of interdisciplinary education, programs, and
research.

Chapter 2 begins by providing concrete examples of health problems that
require an interdisciplinary approach. It provides the context of the rest of the
report.

Chapter 3 describes the obstacles to interdisciplinary research and training,
ranging from personal obstacles to institutional barriers. It recommends
approaches to overcome these obstacles.

Chapter 4 describes several approaches to interdisciplinary training. It
reflects on the programs reviewed by the committee and the lessons learned. It
recommends approaches to improving the number and quality of such programs.

Chapter 5 brings together the committee's vision of interdisciplinary
training and defines the need for future assessments of training programs.
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2

The Potential of Interdisciplinary Research
to Solve Problems in the Brain, Behavioral,
and Clinical Sciences

All knowledge begins with a question.

— Neil Postman

To address the health needs of the new millennium, both single disciplinary
research and interdisciplinary—including translational—approaches will be
needed. This chapter focuses specifically on the contributions, past and expected,
of some fields of interdisciplinary science. The research questions described in
this chapter will call for integrated efforts to develop methods for prevention,
diagnosis, and treatment of disease and to understand the basic mechanisms of
brain and behavior. Approaches to interdisciplinary research are diverse. The
examples in this chapter illustrate translational research that applied clinical
findings to basic science and vice versa, collaborations across disciplines,
integration of past disciplinary efforts to create a new perspective, and the
synergy created by central facilities that bring people together. The committee
emphasizes that interdisciplinary research is an approach, not an end. It should
arise out of a challenge; that is, it should develop in response to a problem that
cannot be embraced by a single discipline.

Many problems require single disciplinary scientific approaches.
Historically, single disciplines grew out of bodies of knowledge in efforts to
promote a coherent and ordered focus of investigation and study. Single
disciplines enable in-depth and technically adroit approaches to complex
problems. As described in chapter 3, the constraints of training and getting started
in a career make single disciplinary research the preferred route for many young
investigators. The disciplinary approach to research is intellectually rewarding
and leads to important findings. Investigators in single disciplinary work have
contributed enormously to our understanding of basic biology and human health
—B. F. Skinner
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in operant conditioning, von Bekesey in audition, and Hodgkin and Huxley in
nerve conduction are examples. Furthermore, single disciplinary efforts often feed
into interdisciplinary and translational efforts.

NEUROSCIENCE: EVOLUTION OF A DISCIPLINE

The brain has been studied for millennia. As early as the fourth century BC
Hippocrates recognized the involvement of the brain with sensation and with
epilepsy. In the mid-1600s, Thomas Willis, an English anatomist, provided a
detailed description of the structures of the brain. Two hundred years later
scientists began to correlate structures with functions. For example, Paul Broca
related a clinical pathology to a structural defect noted on autopsy and Eduard
Hitzig and Gustav Fritsch found that electrical stimulation of specific cortical
areas produced movement. By the mid-1800s many histologists were describing
the cellular components of the nervous system. (For example, see the section on
Ramon y Cajal that follows.) Early in the nineteenth century, neurophysiology
was gaining momentum with the efforts of scientists such as Charles Sherrington
and Edgar Adrian, and neurochemistry was developing, with Henry Dale's
isolation of acetylcholine.?>>>3

Up until a few decades ago scientists engaged in these endeavors identified
themselves as anatomists, physiologists, psychologists, biochemists, and so on. In
1960 the International Brain Research Organization was founded to promote
cooperation among the world's scientific resources for research on the brain.*! In
1969, the Society for Neuroscience was founded to bring together those studying
brain and behavior into a single organization; its membership has grown from
1000 in 1970 to over 25,000 in 2000.8¢ Within the new discipline, neuroscientists
are integrating a variety of perspectives to gain insights into fundamental
questions about the nervous system in health and disease. Neuroscience is a clear
example of a discipline of today arising from interdisciplinary approaches of the
past. The discipline of neuroscience arose by combining the efforts of scientists in
different fields to solve common scientific problems. It is a dynamic discipline in
which new fields continue to be integrated (for example, informatics and
molecular biology). The growth of this discipline has been so prodigious, the
territories it covers so broad, and the methods it employs so varied that
neuroscience itself is beginning to fragment into subdisciplines. One such
subdiscipline is cognitive neuroscience, which is itself evolving as a new
discipline.

DISCIPLINARY WORK PROVIDES A FOUNDATION

Disciplinary research has an important place in the scientific enterprise. As
the examples here illustrate, the efforts of scientists in their own fields can create
the tools or provide the basis for many future efforts. Interdisciplinary approaches
often build on single disciplinary discoveries.
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Human Genome Project

The Human Genome Project was established in 1988.%% Before it could
become a reality, however, decades of disciplinary efforts were necessary to lay
the foundations. In 1944, Avery et al.> discovered that DNA carried the genetic
message. The structure of DNA was first unraveled by Watson and Crick” in
1953, and the genetic code was worked out in the middle 1960s.?? In the early
1970s, the methodology of recombinant DNA was published.!® Years of basic
research on enzymes such as restriction endonucleases, polymerases, ligases, and
reverse transcriptases, provided the tools that are the basics of the methodology
for the Human Genome Project. For example, when Temin and Mizutani®® and
Baltimore’ first described reverse transcriptase in 1970, they were focused on how
some viruses copy their genetic messages from RNA to DNA in host cells. The
enzyme became the focus of biochemists and virologists trying to understand its
characteristics. On the basis of their findings, the enzyme was recognized as
important for the analysis of the genome.

Having evolved from independent, single disciplinary efforts, the Human
Genome Project has expanded into a prime example of interdisciplinary research,
involving scientists in a variety of disciplines, such as biology, chemistry,
genetics, physics, mathematics, and computer science. The enormous data
management problems arising from the wealth of information generated in
genomic analyses require new and more powerful computational methods. In
addition, important contributions to the analysis of the ethical and legal
implications come from philosophy, jurisprudence, and ethics. The developing
knowledge base is expected to serve as the foundation for new interdisciplinary
efforts to understand the function of genes and the contribution of genetic
diversity to both health and disease. The implications go beyond medicine and
human health to applications in energy, environmental protection, agriculture, and
industrial processes.0364,70,93

Neuroanatomy of Ramon y Cajal

Santiago Ramon y Cajal won the Nobel Prize in 1906 for his work on the
histology of the nervous system. Because Ramon y Cajal used the newest stains,
optical microscopy, and anatomical approaches, one could argue that this
innovator's research reflects the coalescence of multiple disciplines into a single
discipline. His methods became the standard tools of the neuroanatomist. He
shared the Nobel Prize with Camillo Golgi, whose principal contribution was a
stain with a unique property: it revealed an entire cell and its processes. Despite
the discrete entities stained, Golgi continued to support the prevailing belief that
the nervous system was a continuous network of fibers. Ramon y Cajal, however,
reinterpreted the observations to support the “neuron doctrine,” which today is
basic to our understanding of central nervous system organization. His
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histological studies provided detailed representations of cells from many parts of
the nervous system and created a starting point for understanding their
connections, their physiology, and their pathophysiology. Ramon y Cajal's work
is still cited in reports on subjects as varied as gene expression in rat brain,’!
electrophysiology of synaptic currents,® and axonal regeneration in spinal cord.??

TRANSLATIONAL RESEARCH: TO THE CLINIC AND BACK
AGAIN

The following examples illustrate how clinical and basic researchers can join
together to advance a field. In one case, a chance conversation about a clinical
observation led to a basic science breakthrough in understanding pathology. In
the other case, a patient's unfortunate circumstances created the stimulus for a
field that continues to integrate basic and clinical investigation.

Breakthrough in Sickle Cell Anemia

While they served together on an advisory committee, William Castle, a
clinician, described to Linus Pauling, a physical chemist, his observation that in
sickle cell disease the red blood cells were abnormally shaped only when
deoxygenated. Pauling hypothesized that the abnormal shape of the red blood
cells in the patients was a result of an altered shape of the oxygen-carrying
hemoglobin molecule. On his return to his laboratory, Pauling and a young
colleague, Harvey Itano, attempted to distinguish normal hemoglobin from sickle
cell hemoglobin by using a variety of physical and chemical methods. With a new
electrophoresis technique, they found a difference in mobility suggesting that the
two forms of hemoglobin had different electrical charges.?® The results were
published in a Science paper titled, “Sickle Cell Anemia, a Molecular Disease.””?
The paper reasoned that genetic control of the amino acid composition of
hemoglobin was responsible for the hereditary nature of the disease. The field of
genetic medicine was born of the interaction between a bedside clinical
investigator and a basic laboratory scientist. From this first recognition of the
molecular basis of the pathology has followed the development of treatments:
drugs that address the pathophysiology of the disease!® and nitric oxide,?
bonemarrow transplantation,”®and the promise of gene therapy.**»>%-°2 The
development of animal models’"’® promises to continue to bridge the gap
between laboratory and clinic.

THE STORY OF PATIENT HM

In an effort to control a severe case of epilepsy, a patient known as HM had
most of the temporal lobes of his brain removed bilaterally in the early 1950s.
The consequences were unexpected. HM was unable to form new memories. He

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9942.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Disciplines in
hitn-//Amavw nap edu/catal
PO

e Behavioral, and Clinical Sciences
[aq/9 himl]
TIAL OF INTERDISCIPLINARY RESEARCH TO SOLVE PROBLEMS IN 27

THE BRAIN, BEHAVIORAL, AND CLINICAL SCIENCES

aii
Q4

could remember his childhood and he could recognize his mother. But, although
he could learn a name or memorize a number for a very short time, the
information was lost to him after a few minutes.3! HM's condition provided a
clinical model that stimulated extensive laboratory efforts to understand the
neurobiology of memory. Mishkin>” reproduced the lesions of HM in primates to
develop an animal model to study the process of memory. With the evidence of
hippocampal and medial temporal lobe involvement in memory formation, many
basic laboratory investigations focused on neurophysiological mechanisms,
neuroanatomic substrates, and behavioral deficits in animal models. As the
understanding of memory grew, the impairment in HM and other unfortunate
patients was reevaluated.?%:21,38,75,88 For example, the testing of HM's capabilities
supported the laboratory-generated hypothesis that there are different kinds of
memory processes. Although HM does not recall having met a visitor or recall
the process of learning a task like mirror writing, he can improve his skill at
mirror writing at a normal rate and even retain the skill for weeks.?’ Clinical
observations of memory loss continue to stimulate the basic animal research
efforts with clinically relevant questions.’” The advent of new imaging
technologies, such as functional magnetic resonance imaging, and new
noninvasive recording methods, such as magnetoencephalography, continue to
enhance the interactions between clinical and basic research.?!,28:87

INTERDISCIPLINARY RESEARCH: MAKING PROGRESS

Several interdisciplinary programs have been running long enough to
demonstrate the added value of interactive efforts. Whether developed through
the encouragement of a funding agency or through the leadership of an
individual, these programs illustrate the breadth of what can be achieved when
disciplines come together to solve a problem. The role of the leader of an
interdisciplinary team is analogous to that of an orchestra conductor who
coordinates highly specialized experts to produce harmonious outcomes. The
leader would be expected to converse freely with persons in disparate fields and
to facilitate the interactions among team members. The expectation for the team
members is to be responsible for issues involving their expertise and to develop a
working knowledge of each others' fields. The composition of the “orchestra”
would not be fixed, but, rather, would change depending on the particular problem
at hand. With time, participants would expand their understanding of other fields
while continuing to contribute their own expertise.

Cardiovascular Health and Behavior

In recent years, fields that have not traditionally embraced interdisciplinary
research have begun to recognize that it is essential. For example, the National

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/9942.html

About this PDF file: This new digital representation of the original work has been recomposed from XML files created from the original paper book, not from the original
typesetting files. Page breaks are true to the original; line lengths, word breaks, heading styles, and other typesetting-specific formatting, however, cannot be retained,

and some typographic errors may have been accidentally inserted. Please use the print version of this publication as the authoritative version for attribution.

Discinlines in the B
hitp-/Amamne nap edu/catalog/o
PO TIAL OF

ain, Behavioral, and Clinical Sciences
Q42 himll
: TERDISCIPLINARY RESEARCH TO SOLVE PROBLEMS IN 28

THE BRAIN, BEHAVIORAL, AND CLINICAL SCIENCES

Heart, Lung, and Blood Institute Task Force on Behavioral Research in
Cardiovascular, Lung, and Blood Health and Disease concluded in 1998 that
collaborations between behavioral and medical researchers would provide a
better understanding of disease. Many Americans are living with heart disease,
including more than 13 million who have angina pectoris or who have suffered a
myocardial infarction.®> Management of their disease and prevention of recurrent
disease are foci of attention for behavioral and clinical scientists.

Recent studies have demonstrated that such behaviors as smoking, lack of
exercise, and inappropriate diet can increase the risk of heart disease.
Epidemiological studies, clinical investigation, and experiments in animal models
have provided new understanding of the physiological links between behavior
and pathology. In addition, personality traits, exposure to stress, socioeconomic
status, and social support have been found to influence the risk of cardiovascular
disease. Extensive research collaborations among experts in many fields—
including psychologists, neurobiologists, cardiologists, and comparative
pathologists—provided evidence that stress, anger, and lifestyle influence the
pathophysiology of coronary heart disease.*>*® Large interdisciplinary clinical
trials are in progress to determine whether psychosocial interventions can reduce
morbidity and mortality in heart diseases.!®-®** Continued interdisciplinary
research is likely to produce new advances in the prevention and management of
cardiovascular disease.

Schizophrenia

Schizophrenia is a chronic and disabling mental disorder. Diverse symptoms
encompass abnormalities in perception, thinking, speech, affect (expression of
emotion), and behavior. Hallucinations, delusions, and social withdrawal are
commonly associated with the disease. Schizophrenia usually first manifests
itself in young adults. Patients suffer from public stigma because of their unusual
behavior. Although treatments are available, adherence to treatment regimens is a
problem, in part because of the side effects of the pharmaceutical agents.
Although we are using schizophrenia as though it were a single disease, it would
be more accurate to use the schizophrenias because of the likelihood of
underlying disease heterogeneity.

There is now general agreement among experts in schizophrenia that
abnormal brain development from many causes underlies the disease.” Advances
in neuroimaging have shown that some people with schizophrenia have
abnormally large ventricles (fluid-filled cavities) within the brain.32>!%
Schizophrenia has been associated with impaired migration of neurons in the
brain during fetal development.> Both genetics and environmental factors
influence development of the disease. Twin studies and other genetic
epidemiological assessments indicate clearly that a genetic predisposition to the
disease exists.*»*73 Some data suggest a link between schizophrenia and
maternal viral infection during gestation.!%!
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Recent studies have brought together multiple disciplines in attempts to
understand the disease in its entirety. For example, the combined use of such
neuroimaging techniques as positron emission tomography (PET) to look at blood
flow and magnetic resonance imaging to look at structures, genetic analyses,
cognitive testing, and clinical trials of pharmaceutical agents to evaluate patients
with schizophrenia is allowing progress toward the development of interventions
for the disease.* Continued interdisciplinary efforts in schizophrenia research—
including epidemiology, genetics, structural brain abnormalities, development,
behavior, and virology—should advance the understanding and treatment of the
disease.

INTERDISCIPLINARY RESEARCH: FUTURE DIRECTIONS

Major advances in human health are increasingly contingent on
interdisciplinary research that requires close collaboration between biomedical
and behavioral scientists. Although research in single disciplines has made and
will continue to make important contributions to understanding chronic diseases,
current efforts are needed to solve problems that stem from multiple domains.
The committee heard from the directors of several of the National Institutes of
Health (NIH) about fields ripe for interdisciplinary research (see Appendix B),
including:

* The management of symptoms at the end of life: the complex interaction of
clinical symptoms (including biochemical, neurological, endocrine, immune,
and psychological status), therapeutics, and ethics.

* Alcoholism: integration of neuroscience, genetics, molecular biology,
neurochemistry, electrophysiology, imaging, and more.

The “oldest old:” complex health and social concerns in those over 85
years old.

* Vulnerability to addiction: merging genetics, environmental risk, protective
factors, behavior, and neuroscience.

» Treatment research, including adherence issues: bringing to bear behavioral,
psychosocial, pharmacological therapeutic, and clinical concerns.

Clearly, many problems that face today's society require coordinated efforts
in multiple disciplines. The following examples can give a flavor of the benefits
that an interdisciplinary approach could provide.

Pain

Pain is one of the most frequent reasons for visits to the doctor and costs
society greatly in medical expenses and loss of productivity.'>° The effect of
pain
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on immune function and mental attitude can influence patient outcomes and
prolong hospital stays.*’” Gender, genetics, and cultural background affect how a
person responds to painful stimuli; stress also modulates pain. There are many
types of pain, and they have different neural pathways and different underlying
mechanisms. Some painkillers are addictive, and the risk of chemical dependence
needs to be considered in studying pain and its control (for reviews see: Melzack,
1999°¢ and Good, 199934).

The study of pain requires coordinated efforts in a number of disciplines to
develop therapeutic approaches (for example, see Dubner and Gold, 1999%%).
Imaging technology can provide a better understanding how the of brain
functions during painful experiences. Cellular electrophysiology can elucidate the
neuronal mechanisms involved and define potential sites for pharmacological
intervention. Neurochemistry can identify and characterize trophic factors and
neurotransmitters that influence the modulation and perception of pain. Genetic
analyses can elucidate inherited susceptibility to pain. Social, psychological, and
cultural approaches can provide a better understanding of the interaction of
sociocultural environments and the neurophysiological substrates of pain. Such
understandings will provide new insights into pharmacological and behavioral
means of coping with pain.%’

Injuries

Injuries, both intentional and unintentional, are the leading cause of death of
people 1-44 years old. They continue to be the cause of many deaths and serious
disabilities throughout life, although other causes (e.g., heart disease, cancer,
stroke) become more common in later life.'3>'4 Many injuries that do not cause
death result in lifelong serious disabilities, such as spinal cord paraplegia and
quadriplegia. Injury in the elderly is often the precipitating event in terminal
illness, especially pneumonia.’>?* The term unintentional injury is now used,
rather than accidents, to indicate that they are subject to the same
epidemiological analysis of the interaction of host, agent, and environment as any
other cause of death or disability.’*** Unintentional injuries result from
characteristics of the injured (e.g., temperament and neurological status) and from
agents in the physical and social environment. Prevention programs can control
the environment (for example, with safety caps on medicines and poisons,
seatbelts and airbags in automobiles, safer and more engineered roads) or change
individual behavior (for example, with helmet use by bicycle riders, and reduction
in drinking and driving).* Future research will be greatly enhanced by
interdisciplinary efforts of psychologists, neuroscientists, engineers, regulatory
agencies, and device manufacturers working together on epidemiological studies
and interventions.
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Obesity

In late 1999, Jeffrey Koplan, director of the Centers for Disease Control and
Prevention, issued a report on the growing obesity epidemic in the United
States.® The report documents the alarming increase in obesity during the 1990s.
According to the report, the prevalence of obesity (defined as 30% over ideal
body weight) increased from 12% in 1991 to 17.9% in 1998. Obesity increased in
all states and all demographic groups, including race, education level, and age.
Over the same interval, physical inactivity, a major contributor to obesity, was
essentially unchanged. Since obesity is associated with many chronic illnesses,
including heart disease and diabetes, those trends pose a major public health
concern. According to Koplan, “overweight and physical inactivity account for
more than 300,000 premature deaths each year in the United States, second only
to tobacco-related deaths.”!> Even in children as young as 5 to 10 years old, over
half those considered overweight already show at least one risk factor for heart
disease.

Obesity prevention and control provide fertile ground for interdisciplinary
research. Both genetic and environmental factors influence body weight.
Understanding of the behavioral components that contribute to obesity, including
inactivity and overeating, is necessary for effective interventions.?® Sociocultural
differences in the prevalence of obesity among ethnic and socioeconomic groups
require clarification. In addition, the physiological mechanisms that regulate
appetite and metabolism need to be elucidated. In the middle 1990s, a concerted
effort was made to find genes that contribute to obesity.!® The hormones
mediating appetite (including leptin, neuropeptide Y, and melanocyte-stimulating
factor) are under active investigation. Additional physiological factors that
control dietary intake, energy expenditure, and energy regulation must be better
understood.!! New information on hypothalamic pathways that influence food
intake?®’® has increased theoretical understanding of body weight regulation but
is still far from clinical application. Understanding and clinically addressing
dietary behavior require an integration of the genetic, endocrine, metabolic, and
neurophysiological components with environmental factors and cultural factors.

EFFECTIVE FUNDING INITIATIVES IN
INTERDISCIPLINARY RESEARCH

Many interdisciplinary efforts arise out of serendipity, but many arise out of
need and the ripeness of research problems. Targeted programs in
interdisciplinary research have yielded valuable knowledge and clinical results.
Two such programs supported by NIH are described below as examples of
initiatives that the committee found to be model programs.
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Alzheimer's Disease Centers

Research in Alzheimer's disease has made rapid progress as a direct result of
opportunities for interdisciplinary investigation fostered by NIH. Almost 2
decades ago, despite the great need for research on the medical and social
problems resulting from Alzheimer's disease and related dementias associated
with aging, there was little activity. The lack of interest was coupled with the
widespread misunderstanding that dementia is a natural consequence of aging.

The National Institute on Aging (NIA) recognized that advances in
understanding Alzheimer's disease required the coordinated efforts of
neurologists, psychiatrists, neuropathologists, psychologists, neurochemists,
molecular biologists, geneticists, and epidemiologists in an interdisciplinary
approach to address the neurological, behavioral, familial, and social
implications. To address that need, NIA developed a Request for Applications
(RFA) for Alzheimer's Disease Research Centers (ADRCs). These clinical
centers were required to have both cores and scientific projects. The mandated
cores were clinical to recruit patients with dementing illnesses,
neuropathological to archive neuropathology specimens, educational to provide
scientists and the general public with information about the dementias, and
administrative. The scientific projects were investigator-initiated clinical or basic
neuroscience studies of dementing diseases and included at least two pilot
projects.®” A small number of ADRCs were created at first. As the ADRCs
proved effective, additional funds were allocated and the number of centers
grew. Later, NIA created Alzheimer's Disease Core Centers (ADCCs), which
supported only core facilities with the expectation that other investigator-initiated
studies would be stimulated by the availability of the funded cores.®® NIA now
funds 29 Alzheimer's Disease Centers around the country.®

The development of the Alzheimer's Disease Center programs was
scientifically beneficial. Advances in understanding of the basic pathophysiology
of Alzheimer's disease have been striking, with promises of effective preventive
strategies in the near future. Among the advances arising from the centers is
delineation of the neuropathological changes, including the deposition of senile
plaques, the development of neurofibrillary tangles, and the loss of neurons from
critical brain regions.!7>3%:61,82,102 Djscovery of the alleles of apolipoprotein E
revealed an important risk factor for Alzheimer's disease.'?>38:48,74,77,80,90,91 yyith
the development of transgenic mice that express some of the neuropathological
changes of Alzheimer's disease, an animal model is available to further the
understanding of the basic biology of the disease and to test promising
therapies.?® Those advances are leading to medications to improve cognition and
others that might even prevent symptoms.”
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PET CENTERS

The targeted allocation of federal funds by NIH led to the development of
PET as a means of studying the metabolism and biochemistry of the brain. In the
late 1970s and early 1980s, PET technology had matured enough to be highly
promising, but requiring further development to make a scientific impact. In
1985, NINCDS put out an RFA to create “Brain Imaging Research Centers” to
advance the use of the technology in studying dynamic changes in the brain
under normal and pathological conditions.®® The terms of the RFA required the
interdisciplinary collaboration of clinicians and scientists, including areas such as
nuclear medicine, neurology, psychiatry, and neuroradiology. Members of the
team needed to comprehend each specialist's field at some level to understand the
possibilities of the new technology. The RFA asked for proposals that included
development of cores facilities and hypothesis-driven scientific research projects.
Following peer review, five centers were funded.

The effort led to substantial advances in understanding of biochemical
processes in the human brain in health and disease. The studies included
examination of regional cerebral blood flow, glucose metabolism, oxygen
metabolism, and localization and concentration of biochemical substances, such
as dopamine receptors, gamma-aminobutyric acid receptors, and opiate
receptors.”” The PET centers also advanced understanding of numerous
neurological disorders, including stroke, epilepsy, Alzheimer's disease,
Parkinson's disease, multiple system atrophy, and alcoholism, to name just a
few.!»3,27,31,32,37,42,54,57,96 Cognitive psychology was advanced by combining
psychological activation of the resting brain with PET studies of cerebral blood
flow as a marker of changes in metabolic rate of the relevant brain regions (for a
review, see Sergent 1994%%). The recent development of functional magnetic
resonance imaging has superseded PET for activation studies because of the
lower costs involved. The development of single photon emission computed
tomography, which can be performed with radioactive pharmaceuticals that have
a long half-life, led to widespread imaging of the brain's metabolic and
biochemical processes.

FINDINGS AND RECOMMENDATIONS

A great many interdisciplinary programs currently exist. Whether developed
through the encouragement of a funding agency or the leadership of an
individual, these programs illustrate the breadth of what can be achieved when
disciplines come together to solve a problem. To ensure the future of
interdisciplinary research for solutions to complex problems, training is essential
to prepare the next generation of investigators to tackle these interdisciplinary
tasks.

Funding agencies can be influential in moving fields forward by organizing
funding mechanisms around specified opportunities, technologies, or problems.
To allow optimal use of funding dollars, it is important to target the problems
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that would most benefit from interdisciplinary approaches. Only after these
problems are recognized should resources be allocated toward them. To identify
such problems, lines of communication between sponsors and researchers should
be established.

Recommendation 1: Federal and private research sponsors should seek to
identify areas that can be most effectively investigated with interdisciplinary
approaches. This should be done by engaging the research community
through symposia, working groups, or ad hoc committees. Funding
mechanisms, such as Requests for Applications or Proposals, should be
developed to address the identified areas.
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3

Barriers to Interdisciplinary Research and
Training

In science, novelty emerges only with difficulty, manifested by resistance, against
a background provided by expectations.
—Thomas Kuhn
The literature is replete with descriptions of the traditional and persistent
barriers to interdisciplinary research, including attitudinal resistance, differing
research methods and communication barriers among disciplines, the length and
depth of training in a single field necessary to develop scientists who will be
successful in competing for funds, the difficulty in forging a successful career
path outside the single disciplinary structure, impediments to obtaining research
funding for interdisciplinary research, the scarcity of interdisciplinary
departments in academe, and the perceived lack of outlets for the publication and
dissemination of interdisciplinary research results. The heterogeneity of
institutions, structures, and value systems at the private, state, and federal levels
compounds the complexity of these obstacles. The barriers might best be
presented in five major categories: attitude, communication, academic structure,
funding, and career development. Despite the hesitation of some scientists to
engage in interdisciplinary research, the nature of the complex scientific
challenges that we face creates a need to ensure that it can occur.

ATTITUDINAL BARRIERS

Most scientists recognize a need for interdisciplinary research, many are
reluctant to abandon their disciplinary focus.”> In the 1980s, Sigma Xi, The
Scientific Research Society, surveyed its members as to whether they agreed with
the statement that “more interdisciplinary research should be funded because
many of the most significant scientific problems cannot be accommodated within
arbitrary
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disciplinary structures.” Almost three-fourths (2,995 of 4,071) of the responding
society members reported that they “agreed” or “agreed emphatically.” The
perception exists, however, that interdisciplinary science is viewed as second-
rate.’>>2 At the committee's workshop (IOM Workshop, 1999), Dr. Paul
Smolensky pointed out that disciplines have been able to investigate a given
subject in depth. But when research bridges disciplines and this same depth
cannot be attained, the quality of the research is perceived as poor. In another
survey of its members, “Removing the Boundaries: Perspectives on Cross-
Disciplinary Research,” Sigma Xi received responses from over 120 members
representing seven scientific disciplines, including psychology and medicine who
expressed opinions on obstacles to interdisciplinary research.’?> Some of the
comments indicated concerns: working in interdisciplinary research was not
“pure”; it was “less challenging” or “high risk”; those who do collaborative work
could not succeed in their own discipline; they would be lost in a team effort and
“lose their professional identity.” Others have expressed similar views:

While they pay lip service to the principle [of interdisciplinarity], most scientists
look upon their own discipline as either too incomplete or too immature to be
coupled with another one.
—De Mey, as cited in Bechtel'”

Despite the hesitation of some about venturing into an interdisciplinary
effort, many have embraced it enthusiastically. The motivation for moving into
interdisciplinarity is varied. Some scientists working in their own disciplines
might see after working on a problem for some period that their scientific
approaches are insufficient to answer their questions. Scientific interactions can
stimulate ideas that are new and exciting but require additional expertise or
techniques to pursue. Funding opportunities might provide an impetus to seek out
collaboration to answer broad scientific problems identified by funding agencies.
Some might be attracted by the challenge and the need for answers to a larger
problem and the satisfaction that would come from making progress.

COMMUNICATION BARRIERS

Jargon

Scientists trained in a discipline learn to speak a specific language and adopt
the analytical and methodological constructs that have accumulated in that
discipline. This constitutes a form of professional socialization that serves as an
important part of the training experience, but it can present obstacles to
interdisciplinary research.

We speak the language of our discipline, which raises two problems: first, we

may not understand the languages of the other disciplines; second, more

dangerously, we may think that we understand these, but do not, because
although
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the same terms are used in different disciplines, they mean something very

different in each.

— Margaret A. Somerville>

In addition, the problem exists that “different disciplines are continually
rediscovering one another's discoveries, because they all have different names for
them” (P. Smolensky, IOM Workshop, 1999).

Communicating with another discipline requires time and work. An
extensive effort must be made to learn the language of another field and to teach
others the language of one's own. Many have recognized that this barrier must be
overcome before successful collaboration can occur.?29:40-52

Intellectual Turf

By definition, interdisciplinary efforts bring together researchers who have
different expertise. Pride in one's discipline and its methods can be instilled
during graduate school.”® As a consequence, other disciplines might be viewed as
less rigorous or important. To work together, people must understand and
appreciate the value and limitations of both their own and others' methods. Groark
and McCall** have written about the distrust between researchers and clinical
providers: each group believes in its own superiority. The same can occur
between disciplines.!®3® Heated discussions can result when people with
different backgrounds try to assert the correctness of their views (D. Tracer, IOM
Workshop, 1999; P. Smolensky, IOM Workshop, 1999).

Team Building

Teamwork requires trust in another's skills and expertise. If these are outside
one's field, as implied in interdisciplinary research, they might be difficult to
evaluate.”?