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NATIONAL ACADEMY OF SCIENCES
2101 CONSTITUTION AVENUE, NW WASHINGTON D. C. 20418 OFFICE OF THE PRESIDENT

June 1, 1994

The Honorable Donna E. Shalala
Secretary of the Department of Health and Human Services
200 Independence Avenue, SW Room 615-F Washington, D.C. 20201

Dear Secretary Shalala:

It is a pleasure to present to the Department of Health and Human Services a copy of the 1994 report of the Committee
on National Needs for Biomedical and Behavioral Research Personnel. This is the tenth in a series of reports undertaken by
the National Research Council pursuant to Title I of the National Research Act of 1974 (P.L. 93-348 as amended). The work
has been supported under Contract NO1-OD-2-2116/C with the National Institutes of Health.

The Act states that the purposes of the continuing study are to: "(1) establish (A) the Nation's overall need for
biomedical and behavioral research personnel, (B) the subject areas in which such personnel are needed and the number of
such personnel needed in each such area, and (C) the kinds and extent of training which should be provided such personnel;
(2) assess (A) current training programs available for the training of biomedical and behavioral research personnel that are
conducted under this Act at or through the institutes...and (B) other current training programs available for the training of
such personnel; (3) identify the kinds of research positions available to and held by individuals completing such programs;
(4) determine, to the extent feasible, whether the programs referred to in clause (B) of paragraph (2) would be adequate to
meet the need established under paragraph (1) if the programs referred to in clause (A) of paragraph (2) were terminated; and
(5) to determine what modifications in the programs referred to in paragraph (2) are required to meet the needs established
under paragraph (1)."

Previous NRC reports have provided guidance to the NIH and the Alcohol, Drug Abuse and Mental Health
Administration and to the U.S. Congress about the appropriate size and composition of the NRSA program given national
needs for these highly skilled scientists. In addition to the core activities stipulated by the National Research Act, the agency
directed the NRC to review the mathematical projection models of supply and demand used by previous NRC study
committees and to establish their adequacy in addressing "national needs" issues in the 1990s.

Copyright © National Academy of Sciences. All rights reserved.
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This report includes a new approach to modeling supply which should be regarded as exploratory. As a result, the
Committee's recommendations for award levels are based more heavily on expert judgment than has been the case in the past.
The Committee's Panel on Estimation Procedures, I should add, will prepare a report for release later this year which
addresses the more general matter of mathematical approaches to the estimation of "need".

Through a combination of a variety of information gathering activities and Committee deliberations, the Committee has
concluded that the nation's need for these scientists remains strong and that the NRSA program, while small compared to the
many other sources of doctoral and postdoctoral support, is enormously powerful in terms of its ability to change research
emphases and to attract the highest quality individuals to research careers in the basic biomedical, behavioral and clinical
sciences. The Committee has described in this report the next steps that are needed to assure that the NRSA program fulfills
its intended role in fostering and maintaining a strong human resource base for health research.

We hope the present report will be helpful and would be pleased to discuss it with you and your staff.

Sincerely,

" P GLC

Bruce M. Alberts
President
Enclosure

Copyright © National Academy of Sciences. All rights reserved.
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PREFACE ix

Preface

In 1994 we mark the twentieth anniversary of the National Research Act of 1974 (P.L. 93-348), which established the
National Research Service Awards (NRSA) program. Intended from the outset to augment federal programs of research
support, the NRSA program was designed to increase the capability of the National Institutes of Health (NIH) and the
Alcohol, Drug Abuse and Mental Health Administration (ADAMHA) to maintain a "superior program of research into the
physical and mental disease and impairments of man.... "Through a combination of training grants to institutions and the
direct support of qualified individuals as research fellows, the NRSA program remains a significant force in the health
research effort.

We cannot emphasize too strongly the significant impact the NRSA program has had on the federal system of
predoctoral and postdoctoral training at U.S. universities. The 1974 legislation repealed existing research training and
fellowship authorities of NIH and ADAMHA—one of which dated to the National Cancer Act of 1937—and consolidated
research training under a single, new authority. In other words, the National Research Act of 1974 established a coherent
system of support for recruiting individuals into health research and launching them into productive careers. Coupled with a
variety of mechanisms to support training and education at all stages of the scientific career—from high school through
midcareer—NIH provides the largest research training effort in the federal government, the centerpiece of which is the
National Research Service Award.

In its 20 years of operation, the NRSA program has made it possible for many thousands of talented individuals in the
basic biomedical, behavioral, and clinical sciences to sharpen their research skills and to apply those skills to topics of special
concern to the nation, such as: aging, hypertension, the genetic basis of disease, acquired immune deficiency syndrome
(AIDS), cancer, environmental toxicology, nutrition and health, and substance abuse. Surprisingly, few systematic studies are
available of the career outcomes of NRSA trainees and fellows. Studies that are available, however, consistently note a
distinctive role for NRSA trainees and fellows in the national health research effort. Nonetheless, many questions remain
about the career outcomes of NRSA trainees and fellows, and it is our hope and that of our colleagues on the committee that
NIH place high priority in the coming years on the careful analysis of career outcomes of NRSA graduates, determining to
the extent possible the contributions of the NRSA program to health research relative to other forms of federal and private
support for research training.

The continuing need for highly trained specialists to conduct research to meet the health needs of the country is as great
today as it was 20 years ago. However, because of changes in patterns of research funding and the structure of the
marketplace, the nature of this need has changed somewhat in recent years. Today there is a greater demand than in the past
for talented health scientists to provide leadership in industrial research settings, in federal government laboratories, and in
hospitals and clinics. The NRSA program continues to play a critical role in the preparation of many of those scientists.

It was within the context of these changing research opportunities that the National Research Council (NRC) agreed in
1992 to undertake this study of the NRSA program. In December 1992, the NRC appointed the Committee on National
Needs for Biomedical and Behavioral Research Personnel, which we have been privileged to chair. It was our committee's
task to establish the nation's overall need for biomedical and behavioral research personnel, the subject areas in which such
personnel are needed, and the number of such personnel needed in each area for 1994 and beyond.

Copyright © National Academy of Sciences. All rights reserved.
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PREFACE X

The committee was assisted by the Panel on Estimation Procedures, ably chaired by Michael Rothschild and staffed by
Jeffrey Kallan. Through their careful collection and review of available statistics and various mathematical models, the panel
provided us with a refreshing, alternative look at degree production and employment patterns in the many fields addressed by
this study. The work of the panel continues beyond this report. We look forward with interest to the outcome of their
deliberations, which should provide us with further insights into possible new approaches for assessing the nation' s need for
biomedical and behavioral scientists.

The work of the panel was augmented by information gathered by the committee through a public hearing and a series of
commissioned papers. We are indebted to the many experts who offered valuable suggestions about possible new directions
for the NRSA program.

In addition to these contributors, a number of people ensured a successful outcome of our efforts. Walter Schaffer,
Research Training and Research Resources Officer at NIH, skillfully offered important information about the history and
status of the NRSA program in his capacity as project officer. Dr. Schaffer arranged for numerous briefings by his colleagues
at NIH. We are especially grateful to Ruth Kirschstein, Deputy Director of the NIH, who met with the committee in its early
stages of discussion and offered helpful comments about areas of special concern to the NIH. We would also like to thank
members of the NIH project oversight team for the information they provided, including Drs. David Chananie, Suzanne
Feetham, Leonard Lash, James Lipton, John Norvell, James F. O'Donnell, and Carl Roth and Ms. Valerie Pickett.

The committee would also like to thank Carola Eisenberg who served as liaison from the NRC/OSEP Committee on
Women in Science and Engineering and Ernest Jaworski who served as liaison from the Advisory Committee for the Office
of Scientific and Engineering Personnel (OSEP). Both contributed in important ways to the deliberations of the committee.
Kenneth Shine, President of the Institute of Medicine, also offered suggestions for analyses in the early stages in our work.

The committee would especially like to acknowledge the efforts of Alan Fechter, OSEP Executive Director. Together
with Jeffrey Kallan, technical consultants Farrell Bloch and Peter Tiemeyer, and OSEP' s dam processing staff, most notably
Marinus van der Have, Mr. Fechter effectively organized the labor force information contained in the basic biomedical and
behavioral sciences chapters. The committee would also like to thank the staff of the Survey of Earned Doctorates and the
Survey of Doctorate Recipients for their technical assistance, especially Delores Thurgood, Daniel Pasquini, and Prudence
Brown. Pamela Ebert Flattau, Director of OSEP's Studies and Surveys Unit, guided the completion of this report and played a
significant role in overseeing the coordination of the committee's overall study plan. Elaine Lawson contributed at key points
in the study by gathering and summarizing a wide variety of material addressing national needs in the clinical sciences. Anne
Gallagher, the committee's administrative assistant, worked tirelessly to coordinate the production of this volume. To these
people, we express our gratitude for their efforts.

IRA J. HIRSH
JOHN D. STOBO, CO-CHAIRS
COMMITTEE ON NATIONAL NEEDS FOR BIOMEDICAL AND BEHAVIORAL RESEARCH PERSONNEL
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EXECUTIVE SUMMARY 1

Executive Summary

The subject of this report is the nation's future need for biomedical and behavioral research scientists and the role the
National Research Service Awards (NRSA) program can play in meeting those needs. The report has been prepared under the
auspices of P.L. 93-348 (as amended), the National Research Act of 1974, which specifies that the Secretary of the
Department of Health and Human Services shall request that the National Academy of Sciences conduct a continuing study
of the nation's need for biomedical and behavioral scientists, the subject areas in which they are needed, and the kinds and
extent of training which should be provided them. This is the tenth in the continuing series of reports to the National Institutes
of Health (NIH) and the U.S. Congress on this subject.

The committee's deliberations and recommendations centered on three major activities. First, a Panel on Estimation
Procedures was established to provide numerical analysis of educational and employment prospects and national needs for
biomedical and behavioral research personnel. The panel concluded that existing mathematical models are inadequate to
predict need and their recommendations for alternative strategies are presented in Chapter 2. Second, the committee convened
a public hearing to gather views from a broad constituency associated with NRSA programs. Both written and oral testimony
were considered by the committee and our conclusions are reflected in the recommendations that follow.! Third, the
committee met as a group on four separate occasions and, as a panel of experts, discussed and debated information and
recommendations. The consensus of these meetings forms the basis for the recommendations included in this report.

Through all the deliberations, one theme was constant: although the NRSA program may be relatively small as regards
total numbers of trainees (less than 15 percent of the total number of graduate students training in the biomedical and
behavioral sciences are supported by NRSA funds in any year), it is enormously powerful in its ability to change research
emphases and to attract the highest quality individuals to research careers. It is viewed as a prestigious, highly competitive
program. It is clear that initiatives, if introduced through the NRSA program, could have a powerful impact on intended new
research directions or constituencies. In other words, the force of the NRSA program in determining research initiatives and
directions in programs is enormous and clearly out of proportion to the relatively small place it occupies in the total research
training portfolio.

ESTIMATING NATIONAL NEEDS FOR RESEARCH SCIENTISTS

The committee recognized early in its work that defining the nation's needs for biomedical and behavioral scientists is
difficult and imprecise. However, the committee also recognized there are certain forces and opportunities that will have an
impact on the needs for research personnel and, therefore, cannot be ignored. These include health care reform, major
advances in fundamental research, and the demands of the marketplace. Recommendations for establishing the size and scope
of the NRSA program represent the committee's best judgment concerning the continuation of a strong, health-related,
scientific work force based on a consideration of these forces and opportunities.

Health Research as a National Priority

The expansion of national support for health research that occurred over the past few decades may be expected to
continue although at a slower rate. Reapportionment of research and development funding between academia and industry
has had and will continue to have an important

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY 2

effect on employment prospects for biomedical and behavioral scientists, although the effect will vary by field, as we discuss
elsewhere in this report.

We expect continued national support for basic biomedical and behavioral research. However, research supported by
federal funds may be expected to be closely relevant to social and economic needs and more readily adaptable for use in the
private industrial sector. Furthermore, as society shifts away from product-intensive industries toward a service-oriented
industrial base, the role of research in improving the quality and reducing the costs of health services will be closely
scrutinized.

Unknown Effects of Health Care Reform

As forces converge to shape and change the delivery of health care in the United States, we expect a dramatic effect on
research training. On the one hand, the potential flattening of reimbursement for clinical care will curtail a revenue stream
(clinical income) that, in many medical schools and academic health centers, subsidizes the support for research training. A
reduction in this revenue stream may shrink research training opportunities in academic health centers. On the other hand,
increased emphasis on the maintenance of health, the outcome and quality of care, and the assessment of the impact of
technology provide unique opportunities for prevention and health services research. Other changes in health care reform
stress the need for increased activity in areas related to behavioral, nursing, and health services research.

Advances in Research

It is difficult, of course, to gauge the effect of the advancement of science on personnel needs. On the basis of our
familiarity with the goals of the NRSA program, the range of expertise among our committee members, and the contributions
of many individuals participating in our deliberations throughout the year, we have identified some fruitful areas of inquiry
that also have the potential of engaging young scientists in careers that are both productive and rewarding.

Major advances in basic biomedical and behavioral research are ripe for application to address the causes, diagnosis, and
treatment of human disease. These major research findings also provide the opportunity to bring new technologies to the
marketplace.

Demand of the Marketplace

Employment conditions for biomedical and behavioral scientists were relatively robust throughout the 1980s. Dramatic
changes have occurred, however, with regard to sector of employment with a greater fraction of Ph.D.s employed in industry
and other nonacademic jobs than in earlier years.

The nation's need for research scientists has also been affected by demographic changes: the number of individuals from
racial and ethnic minority groups is increasing but not as fast as might be expected given federal efforts to encourage the
participation of minorities in this area. The work force of the future will consist of an increasing proportion of women and
minorities; it is important that these changes are reflected in the biomedical and behavioral science work force.

RECOMMENDATIONS

Considering the major forces that have an impact on national needs for research and the unfolding of the research career,
the committee recommends the following changes in the NRSA program to meet those needs.

Stipends

Raise the real value of stipends to more competitive levels by fiscal 1996: approximately 312,000 per year for
predoctoral awardees and approximately $25,000 for postdoctoral awardees with less than 2 years of research
experience. Maintain the real value of these stipends (i.e., the nominal value adjusted for inflation) through annual
increases of 3 percent per year (the assumed annual rate of inflation).

It is disturbing to note that stipend levels for predoctoral trainees in the NRSA program have remained unchanged since
1991 at $8,800 taxable salary per year. The existing structure of a $700 monthly stipend is simply not sufficient. Many state
university stipends start at $11,000 and the National Science Foundation currently pays $14,000. Hence, we recommend an
increase in the inflation-adjusted value of predoctoral stipends to $12,000 by fiscal 1996 to provide an incentive for graduate
students not only to seek but also to complete training at the doctoral level.

Postdoctoral NRSA awardees do not fare much better, earning approximately $18,600 in their first year of training and
$19,700 in their second. It becomes very difficult at this important period of training to entice a clinician or Ph.D., already
burdened with debt, into research training. Thus, the committee recommends that the NRSA stipends at the first-year
postdoctoral level be increased to $25,000 in inflation-adjusted dollars by fiscal 1996. This expansion in stipend support
should be achieved through the addition of funds to the current NRSA training budget (Appendix H).
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EXECUTIVE SUMMARY 3

Numerical Recommendations

Between fiscal 1991 and 1993, the total number of NRSA awards grew from just over 14,000 to over 15,000
(Summary Table 1). The basic biomedical sciences were estimated to have the largest fraction of support in fiscal 1993 at
about 9,633 awards, followed by 3,000 awards in the clinical sciences [excluding 822 awards for combined M.D.-Ph.D.
training through the Medical Scientist Training Program (MSTP)]. To meet the nation's future needs for biomedical and
behavioral scientists, we believe the overall NRSA program should expand from 15,112 slots in fiscal 1993 to 16,260 slots in
fiscal 1996, with that growth occurring mainly through modest expansion of NRSA support for research training through the
MSTP program, in the behavioral sciences, oral health research, nursing research, and health services research
(Summary Table 2). With full implementation of the recommendations that follow the number of NRSA awards would have
expanded by about 10 percent between 1993 and 1996 with support for basic biomedical sciences representing 59 percent of
the total in 1996, behavioral sciences about 9 percent of the total, the MSTP program 6 percent, other clinical sciences
(including oral health research) 20 percent, nursing research 3 percent, and health services research 2 percent.

Recommended changes in the size and scope of the NRSA program within each broad field are summarized below.

Basic Biomedical Sciences

Maintain the annual number of predoctoral awards in the basic biomedical sciences at 1993 levels, or
approximately 5,175 awards, and the number of postdoctoral awards at 3,835.

On the basis of input from a wide variety of sources about current and anticipated market conditions and in
consideration of pressing national research needs, the committee endorses the continuation of federal support through
predoctoral awards in the basic biomedical sciences (see Chapter 3). The committee is concerned, however, that the current
low levels of stipend support will not attract the most talented students to careers in research. To underscore the depth of our
concerns, we recommend that predoctoral awards in the basic biomedical sciences be maintained at fiscal 1993 levels until
further assessment of funding priorities and national needs can be made. The committee recognizes that these
recommendations are made in an era of fiscal restraint. Should additional funds become available for predoctoral research
training in the basic biomedical sciences, NIH might wish to consider expanding NRSA support in this area.

Postdoctoral research training is also an important component in the preparation of productive investigators in the basic
biomedical sciences. Postdoctoral training increases the technical skills of the doctoral-level scientist and ensures the success
of their independent research careers. Here, too, the committee is concerned that persistent low-level stipends may discourage
qualified applicants from seeking postdoctoral training through the NRSA support. Thus, to permit NIH to introduce further
and more realistic changes in stipend levels at the postdoctoral level, the committee recommends that the number of
postdoctoral awards be maintained at fiscal 1993 levels. Again, however, should additional program funds become available
for postdoctoral research training in the basic biomedical sciences, NIH might wish to increase the number of these awards.

Behavioral Sciences

Increase the annual number of NRSA awards for research training in the behavioral sciences from 1,069 to 1,450
between 1993 and 1996.

On the basis of continuing gains being made by behavioral scientists in areas of national interest and on anticipated
demand for behavioral research relative to health goals, the committee urges the continued expansion of federal support
through predoctoral awards in the behavioral sciences (see Chapter 4). Predoctoral awards permit the preparation of
investigators familiar with the broad range of research techniques and theories that characterize doctoral preparation in the
behavioral sciences. As is the case in other areas, the committee is concerned that current low stipend levels for NRSA
awardees do not attract the most able scientists to research careers in health-related fields. Thus, the committee has tempered
its call for expansion in total support from 672 predoctoral awards in fiscal 1993 to 900 by fiscal 1996 in recognition of the
competing need to increase stipend support.

Postdoctoral research training through the NRSA provides the nation with an unusual mechanism for attracting the most
skilled scientists to address areas of national need. Because of differences in the evolution of research careers, postdoctoral
research training has played a greater role in some behavioral science fields than others. Nonetheless, postdoctoral study
increases the technical skills of the investigator and strengthens the pool of talent available to the nation for research. Thus,
the committee recommends that the number of postdoctoral trainees and fellows supported annually in the behavioral
sciences increase from approximately 349 awardees in fiscal 1993 to 500 in fiscal 1996.

Clinical Sciences

Increase the number of MSTP awards from 822 in 1993 to 1,020 by 1996 and the number of postdoctoral

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY
SUMMARY TABLE 1_Aggregated numbers of NRSA supported trainees and fellows for FY 1991, FY 1992, and FY 1993.2
TOTAL  Basic Medical Oral Health
Fiscal Type ALL Biomedical Behavioral Clinical Scientist® Health© Nursing Services®
Year of Program FIELDS _Sciences  Sciences Sciences Training R h__Resecarch Research
1991 TOTAL Total 14,085 9,021 902 2,894 783 218 255 12
Predoctoral 6,948 4,593 519 755 783 78 220 0
Postdoctoral 6,525 3,861 338 2,139 0 140 35 12
' MARC Undergraduate 612 567 45 0 0 0 0 0
Trainees Total 11,850 7,199 775 2,814 783 186 93 0
Predoctoral 6,449 4,313 472 736 783 78 67 0
Postdoctoral 4,789 2,319 258 2,078 0 108 26 0
MARC Undergraduate 612 567 45 0 0 0 0 0
Fellows Total 2,235 1,822 127 80 0 32 162 12
Predoctoral 499 280 47 19 0 0 153 0
Postdoctoral 1,736 1,542 80 61 0 32 9 12
1992 TOTAL Total 14,607 9,317 908 2,970 806 213 257 94
Predoctoral 7,265 4,717 534 819 806 77 217 35
Postdoctoral 6,661 3,910 323 2,151 0 136 40 59
MARC Undergraduate 681 630 51 0 0 0 0 0
Trainees Total 12,365 7,471 790 2,887 806 178 103 82
Predoctoral 6,761 4,487 481 800 806 77 75 35
Postdoctoral 4,923f 2,360 258 2,087 0 101 28 47
MARC Undergraduate 681 630 51 0 0 0 0 0
Fellows Total 2,242 1,840 118 83 0 35 154 12
Predoctoral 504 290 53 19 0 0 142 0
Postdoctoral 1,738 1,550 65 64 0 35 12 12
1993 TOTAL Total 15,112 9,633 1,069 2,974 822 224 236 96
Predoctoral 7,835 5,171 672 855 822 97 188 30
Postdoctoral 6,603 3,836 349 2,119 0 127 48 66
MARC Undergraduate 674 626 48 ] 0 0 0 0
Trainees Total 12,819 7,740 930 2,877 822 201 112 79
Predoctoral 7,265 4,811 604 826 822 96 76 30
Postdoctoral 4,8808 2,303 278 2,051 0 105 36 49
MARC Undergraduate 674 626 48 0 0 0 0 0
Fellows  Total 2,293 1,893 139 97 0 23 124 17
Predoctoral 570 360 68 29 0 1 112 0
Postdoctoral 1,723 1,533 n 68 0 22 12 17

NOTE: Data from IMPAC data system was prepared by the information and Statistics Branch, Division of Research Grants, and
the National Institues of Health, RTSPO/OEP/OER. About 230 positions in FY 1991 and 576 positions in FY 1992 were not

coded for disciplines in IMPAC datafiles. These positions were

grant titles.

a Units are full time training positions (FTTPs). Short term training positions are i

d to

have been divided by four to convert to FTTPs.
b Positions designated as Medical Scientist Training Program (MSTP) for purposes of this table are all considered to be in

biomedical disciplines.

¢ Positions supported by the Nati

| Institute of Dental Research (NIDR).

d Positions supported by the National Institute of Nursing Research (NINR).
¢ Positions supported by the Agency for Health Care Policy and Research (AHCPR).
f Includes 42 postdoctoral traineeships in 1992 for training in Primary Care Research supported through the Health Resources
and Services Agency (HRSA).

luded, but the

of

iplines using departmental affiliations and

rr

g Includes 58 postdoctoral traineeships in 1993 for training in Primary Care Research supported through the Health Resources
and Services Agency (HRSA).
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EXECUTIVE SUMMARY 5

fellows in the clinical sciences from 68 in 1993 to 160 in 1996. To achieve this expansion, we recommend that the
annual number of postdoctoral trainees in the clinical sciences be decreased slightly from 2,051 to 1,805 between
1993 and 1996.

Studies have consistently shown that a substantial fraction of graduates from the MSTP program remain productively
engaged in research, often with greater success in securing research support than those M.D.s who pursue post-M.D. research
training not leading to a doctorate (see Chapter 5). Current support for MSTP training provides for about 820 awards. Given
the success of this program in contributing workers to the national research effort, we believe this program should be
expanded to provide 1,020 awards by fiscal 1996.

Furthermore, because of the urgent need for clinical scientists familiar with patient-based research techniques we urge
the NIH to increase the number of postdoctoral NRSA fellowship awards from 68 in fiscal 1993 to 160 by fiscal 1996 to
permit the preparation of patient-based investigators.

To permit the expansion of the pool of MSTP trainees and postdoctoral fellows, we believe modest reductions should be
made in the number of postdoctoral awards made through institutional training grants in the clinical sciences. NIH reports
that 2,051 awardees were supported in fiscal 1993 through this mechanism. We believe a gradual decrease in the number of
awards to 1,805 should occur by fiscal 1996.

Remaining Fields

Increase the number of awards in oral health research to 430 by 1996, in nursing research to 500 by 1996, and in
health services research to 360 by 1996, to allow for their efficient absorption by the system after which the number
of awards is stabilized at the new levels.

There is an acute need for clinical dental researchers and oral health research workers in general. The National Research
Council's 1985 report called for 320-400 new clinical dental research trainees annually, but the National Institute of Dental
Research (NIDR) has been unable to carry out this recommendation because funds have not been available. A significant
increment in training would substantially alleviate the shortage of oral health research personnel. There is need and rationale
for a tripling or quadrupling the training of oral health researchers. Realistically, however, the need is better met
incrementally rather than abruptly. The committee recommends, therefore, that the total number of training positions
available for preparation in oral health research increase from approximately 224 positions in fiscal 1993 to 430 positions in
fiscal 1996 and remain steady thereafter (see Chapter 6).

The MSTP program offers an integrated program of medical and graduate research training leading to the combined
M.D. and Ph.D. degrees. The success of that program, coupled with the demonstrated success of such joint degrees as the
D.D.S./Ph.D. and D.M.D./Ph.D., suggests that oral health research would benefit from the development of a Dental Scientist
Training Program (DSTP) that is analogous to the MSTP under the auspices of the NRSA legislation. The committee
recommends, therefore, that one-quarter to one-half of the new positions available for training in oral health research in fiscal
1994 and beyond be used by NIDR to establish a DSTP program under the NRSA act.

With the proposed changes in health care reform, continued development of a strong scientific base in nursing research
for practice is essential to prepare advanced practice specialists to care for the rapidly changing needs of high-risk and
underserved patient populations (see Chapter 7). The committee recommends that the number of positions available for
preparation in nursing research increase from approximately 236 awards in fiscal 1993 to 500 in fiscal 1996. These positions
should be phased in on a yearly basis as properly qualified candidates and training sites present themselves.

Because nursing research is a developing field of science, there is a critical need to have an increased number of highly
trained nurse researchers at the cutting edge for nursing practice and health care. Support for research training must be
expanded at the predoctoral level to allow further expansion at the postdoctoral level. As the number of NRSA positions
increase by the year 1996, there should be a progressive shift toward an eventual balance between the proportion of funding
for predoctoral and postdoctoral support.

Health services research is a relatively young field that uses interdisciplinary approaches to examine the impact of
organization, finance, and use of technology on the utilization, cost, and quality of care (see Chapter 8). This field of research
will need to grow substantially to meet the ever-expanding demands for information by policymakers, administrators,
providers, and consumers. The questions raised regarding what impact different proposals for health care reform will have on
access, cost, and quality of care are largely questions that will be addressed by this field of research. To meet these needs, the
committee recommends that the number of NRSA positions allocated to the Agency for Health Care Policy and Research
(AHCPR) increase from about 96 in fiscal 1993 to 360 in fiscal 1996.

Institutional training grants permit the development of

Copyright © National Academy of Sciences. All rights reserved.
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EXECUTIVE SUMMARY

SUMMARY TABLE 2 Committee Recommendations for NRSA Trainees and Fellows for FY 1994 through 1999.s

TOTAL Basic Medical Oral Health
Fiscal Type ALL  Biomedical Behavioral Clinical Scientist ® Health © Nursing? Services ©
Year of Program FIELDS  Sci Sci Scil Training Research R h Research
1994 REC.  Total 15,415 9,640 1,195 2,975 890 260 340 115
Predoctoral 8,175 5,175 745 895 890 125 290 55
Postdoctoral 6,560 3,835 400 2,080 0 135 50 60
MARC Undergraduate 680 630 50 ] 0 0 V] 0
Trainees Total 12,975 7,745 1,040 2,875 890 200 130 95
Predoctoral 7,490 4,815 670 875 890 100 95 45
Postdoctoral 4,805 2,300 320 2,000 0 100 35 50
MARC Undergraduate 680 630 50 0 0 0 0 0
Fellows Total 2,440 1,895 155 100 0 60 210 20
Predoctoral 685 360 5 20 0 25 195 10
Postdoctoral 1,755 1,535 80 80 0 35 15 10
1995 REC. Total 15,835 9,640 1,325 2,910 955 345 420 240
Predoctoral 8,600 5,175 825 895 955 210 360 180
Postdoctoral 6,555 3,835 450 2,015 0 135 60 60
MARC Undergraduate 680 630 50 0 0 0 0 0
Trainees Total 13,165 7,745 1,150 2,780 955 230 145
Predoctoral 7,730 4,815 740 875 955 130 95
Postdoctoral 4,755 2,300 360 1,905 0 100 50
MARC Undergraduate 680 630 50 0 0 0 0
Fellows Total 2,670 1,895 175 130 0 115 260 95
Predoctoral 870 360 85 20 0 80 240 85
Postdoctoral 1,800 1,535 90 110 0 35 20 10
1996 REC. Total 16,260 9,640 1,450 2,860 1,020 430 500 360
Predoctoral 9,010 5,175 900 895 1,020 290 430 300
Postdoctoral 6,570 3,835 500 1,965 0 140 70 60
MARC Undergraduate 680 630 50 0 0 0 0 0
Trainees Total 13,355 7,745 1,260 2,680 1,020 265 195 190
Predoctoral 7,965 4,815 810 875 1,020 160 145 140
Postdoctoral 4,710 2,300 400 1,805 0 105 50 50
MARC Undergraduate 680 630 50 0 0 0 0 ]
Fellows Total 2,905 1,895 190 180 0 165 305 170
Predoctoral 1,045 360 90 20 0 130 285 160
Postdoctoral 1,860 1,535 100 160 0 35 20 10
a Units are full time training positions (FTTPs). Short term training positions are included, but the ber of appc its

have been divided by four to convert to FTTPs.

b Positions designated as Medical Scientist Training Program (MSTP) for purpose of this table are all considered to be in

biomedical disciplines.
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innovative interdisciplinary research training programs, an essential feature of research in this area. However, given the
anticipated growing demand for skilled specialists in health services research, the committee concludes that AHCPR should
place emphasis on the award of individual fellowships in the next few years in order to encourage qualified individuals with
some experience in the area of health care policy to pursue advanced training.

Minority Access to Research Careers

Hold Minority Access to Research Careers (MARC) awards constant at fiscal 1993 levels, or approximately 680
awards, pending the outcome of the present NIH evaluation study.

The NRSA program plays an important role in attracting minority group members to careers in the basic biomedical and
behavioral sciences. This is achieved primarily through the MARC program (see Chapters 3 and 4). The core of this program
is the Honors Undergraduate Program launched in fiscal 1977 to support college juniors and seniors (see, for example,
Garrison et al., 1985). In fiscal 1993 about 674 slots were set aside by NIH for preparing of MARC undergraduates, most for
training in the basic biomedical sciences. The committee is aware that NIH recently launched an 18-month study of the career
outcomes of MARC program graduates. The committee endorses this effort and recommends a continuation of support for
the MARC program at fiscal 1993 levels until the NIH assessment is complete.

It is well documented that certain minority groups (African Americans, Hispanics, Native Americans) are vastly
underrepresented in the biomedical and behavioral sciences. To address this problem, the obvious solution should be to
increase opportunities for these groups to receive training in biomedical and behavioral sciences. This can only be
accomplished by providing research training opportunities through such programs as MARC. It will be important that the
NIH act swiftly to review and modify the size and scope of the MARC program in light of its findings.

In recent years, the NIH has undertaken a number of important studies of minority research and training.”> For example,
the Office of Minority Health in 1993 reported on Phase I of an assessment of minority training programs (NIH, 1993). This
report lays out a plan of action for reviewing NIH programs in this area and discusses the limitations of current NIH data
collection procedures for tracking individuals who receive research and/or training support.® The range of programs to be
addressed by this assessment is impressive, and includes such programs as: Minority Biomedical Research Support (MBRS),
National Predoctoral Fellowship Awards for Minority Students, Minority Access to Research Careers (MARC), Research
Centers in Minority Institutions (RCMI), and Research Supplements for underrepresented minority individuals.

The committee looks forward to having more detailed information in the coming years on the outcome of these various
assessments to facilitate the development of a fuller review of minority research training needs and the role of the NRSA
program in meeting those needs.

ENHANCING THE EFFECTIVENESS OF THE NRSA PROGRAM

Flexibility in Career Training at the Postdoctoral Level

Examine research training opportunities for women through the NRSA program and strengthen the role of
postdoctoral support to assist women in establishing themselves in productive careers as research scientists.

In May 1993 we convened a public hearing to invite suggestions for increasing the effectiveness of the NRSA program.
Most of those testifying on the role of the NRSA program in recruiting women said that the NRSA program must be more
flexible in the areas of reentry training, family leave, and geographic location of training sites. Committee members have also
been concerned, however, that there is a clear disparity between the number of women receiving NRSA training and the
number of recipients of NIH research grants (see Chapter 9).

Women appear to be leaving science between the time they receive their doctorate and the time that they fully establish
themselves in a research career track. The NRSA program can play a role in fostering the careers of these scientists. There is
a need, then, to reshape NRSA awards at the postdoctoral level to encourage women to fully utilize their research talents.
NRSA awards should allow retraining and career reentry to help women who have stopped out of research to update skills
and move into emerging areas.

Monitoring Progress Toward NRSA Goals

Review NIH databases as management information systems and introduce changes in data collection, analysis, and
dissemination to permit more effective tracking of NRSA award recipients. Emphasis should be given to the
analysis of minority participation in research and training. New funds should be directed to the evaluation of NRSA
program outcomes.

Perhaps one of the most significant findings of this committee is the general lack of information about the outcome of
the NRSA program given almost two decades of support. Very little serious evaluation of the NRSA program has

Copyright © National Academy of Sciences. All rights reserved.
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been undertaken through NIH support except for a few student outcomes studies undertaken by earlier NRC committees.
Nowhere is the need for accurate information more evident than in our inability to track the participation of underrepresented
minorities in the biomedical and behavioral research effort. We cannot underscore strongly enough the need for follow-up
information to assess program outcomes. In part, this involves the organization of existing files at NIH to permit the analysis
of program outcomes (see Chapter 9). In part, the analysis that is needed will require serious review of data collection and
analytic capabilities at the NIH and the development of new strategies to assess program outcomes.

Improving the effectiveness of the NRSA program will require attention to issues not new to the research community.
However, with the inevitable changes that will occur with health care reform and budget deficit reduction, NIH may find
itself in a position of justifying its support for training programs. Well-designed career outcomes studies can provide the kind
of feedback that is needed to assure that the NRSA program is both efficient and effective given constraints being placed on
the federal funding effort. Future committees would benefit, furthermore, from more studies of the impact of NRSA support
on the recipient institution's total pattern of training support.

NOTES

1. The public testimony from the hearing will be available in a separate report, through the National Academy Press,
Washington, D.C.

2. In addition to the studies described here, the Director of the National Institutes of Health has also commissioned a study of
NIH efforts to recruit and retain minority scientists among its intramural staff. A report on that topic is being prepared by the
Director's NIH/EEO Executive Advisory Group. (Personal communication, 1994).

3. The NIH Minority Programs Evaluation Committee recommended changes in the NIH data system to permit more
effective tracking of individuals, similar to the changes recommended by this committee (see Chapter 9).
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Chapter One

Introduction

Every year a fraction of freshmen at U.S. colleges and universities indicate their interest in becoming research scientists
(Dey et al., 1991). Fluctuating between 1 and 3 percent of each entering class since 1979, these students represent a small but
important component of the talent pool from which the future leaders of U.S. science and technology will emerge. The early
expression of interest in a science career comes after many years of exposure to science and mathematics in primary and
secondary schools. It will be followed by many more years of careful preparation culminating in the attainment of a Doctor of
Philosophy (Ph.D.) degree or other research doctorate.

Given the lengthy process of converting aspirants into researchers, it should come as no surprise that many changes take
place in the size and composition of that talent pool as these students, and others, move into and out of the research training
and career track. It is the fluid nature of this path toward a scientific career that has led the federal government to initiate
programs and policies aimed at fostering the development of the human resource base in science and technology. Among the
numerous sources of graduate and postdoctoral support, the National Research Service Awards (NRSA) program is unique.
Through a competitive program of individual and institutional support, the NRSA program promotes the development of a
pool of skilled scientists in specific areas of "national need." It is a program of support that traces its roots to early efforts by
the federal government to link the development of research areas with training, the fundamental assumption being that the
quality of the research enterprise depends on the talents of individuals attracted to a career in research (Lenfant, 1989). (See
Appendix A for a brief history of the NRSA program.) The subject of this report is the future direction of that program given
anticipated changes in the delivery of health care, exciting developments in health research, and important changes in the
composition of the biomedical and behavioral sciences work force.

ORIGINS OF THE STUDY

For nearly 20 years, the National Research Council (NRC) has played an active role in the ongoing review of training
opportunities available to individuals seeking advanced preparation in the biomedical and behavioral sciences. During this
time, NRC has issued nine reports describing the optimal structure of the NRSA program given national requirements for
health-related research scientists and available training opportunities.

The involvement of the NRC in the assessment of national needs for biomedical and behavioral research scientists
originates in the National Research Service Award Act of 1974 (P.L. 93-348), which abolished all previous training
authorities of the National Institutes of Health (NIH) and consolidated training into a single training authority. The legislation
stipulated that these awards should be restricted to subject areas for which there is a need for personnel (see Box 1-1).

The same legislation directed the Secretary of Health and Human Services (as the department is known today) to arrange
for a continuing study of "national needs" and to request that the National Academy of Sciences conduct a study that would,
in part, establish the subject areas in which such personnel are needed (see Box 1-2).

Since 1975, the NRC—the principal operating arm of the National Academy of Sciences, the Institute of Medicine, and
the National Academy of Engineering—has submitted nine reports to the Secretary in response to this request for advice.
This report, the tenth in the series, responds to the Congressional charge and provides additional information requested by
NIH.

Copyright © National Academy of Sciences. All rights reserved.
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BOX 1-1 THE NATIONAL RESEARCH SERVICE AWARD ACT OF 1974 (P.L. 93-348)
FINDINGS AND DECLARATION OF PURPOSE

Sec. 102. (a)  Congress finds and declares that—

(1)  the success and continued viability of the Federal biomedical and behavioral research effort
depends on the availability of excellent scientists and a network of institutions of excellence capable of
producing superior research personnel;

(2) direct support of the training of scientists for careers in biomedical and behavioral research is
an appropriate and necessary role for the Federal Government; and

(8) graduate research assistance programs should be the key elements in the training programs of
the institutes of the National Institutes of Health and the Alcohol, Drug Abuse, and Mental Health
Administration.

(b) Itis the purpose of this title to increase the capability of the institutes of the National institutes
of Health and the Alcohol, Drug Abuse, and Mental Health Administration to carry out their responsibility of
maintaining a superior national program of research into the physical and mental disease and impairments
of man..

NATIONAL RESEARCH SERVICE AWARDS

Sec. 472. (a) ... (3) Effective July 1, 1975, National Research Service Awards may be made for research
or research training in only those subject areas for which, as determined under section 473, there is a
heed for personnel ...

CHARGE TO THE COMMITTEE

Previous NRC reports have provided guidance to NIH and the Alcohol, Drug Abuse and Mental Health Administration
(ADAMHA) relative to the appropriate size and composition of the NRSA program. Recommendations have been made on
the number of research training positions to be supported, and these recommendations have been used by NIH and
ADAMHA staff during the budget formulation and by the U.S. Congress during the appropriations process (NIH, 1992).
Once again the agency requested that NRC estimate the future demand for researchers, estimate the current supply, and, using
estimates of the future demand and knowledge of the current balance between supply and demand, make recommendations
on the appropriate size of the NRSA program.

In addition to these core activities, NIH also requested assistance in assessing the effectiveness of the NRSA program by
gathering and analyzing information on such issues as the adequacy of current stipends to attract talented individuals into
research careers in the biomedical and behavioral sciences. Furthermore, the agency directed NRC to review the
mathematical projection models of supply and demand used by previous NRC study committees and to establish their
adequacy in addressing "national needs" issues in the 1990s. In response to this request, the committee developed a five-part
study plan.

THE COMMITTEE'S STUDY PLAN

Definition of the Study Population

The first step in undertaking this study was to develop a list of fields that were understood to define each of six broad
areas of training. The definition of the study population is critical to the success of this analytic effort because the field
taxonomy (see Appendix B) establishes the categories for data analysis. Thus, the basic biomedical sciences are understood
to include biochemistry, molecular biology, and the like, whereas the behavioral sciences include psychology, sociology,
anthropology, and speech and hearing sciences. Field matching was then made possible among data bases main-mined by
NIH, the National Science Foundation, NRC, the Association of American Medical Colleges, and American Association of
Colleges of Nursing, among others.

Field matching in the clinical sciences proved more difficult. As we embarked on the study, representatives of the dental
research community indicated to us that they considered their field code too restrictive, not accurately reflecting the diverse
nature of their research base. The committee, through its staff representatives, conducted extensive consultative sessions with
staff of the National Institute for Dental Research (NIDR), and from these sessions the concept of "oral health research”
emerged. A workshop was organized to assess the market for oral health research personnel and the results were incorporated
in the committee's

Copyright © National Academy of Sciences. All rights reserved.
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deliberations (see Chapter 6 of this report). Thus, individuals familiar with the taxonomy used by earlier NRC study
committees should be aware that a new field designation has been developed for the area of research training formerly
designated "dental science" research training.

With regard to the clinical sciences more broadly defined, the committee has concentrated its attention this year on the
continuing need to recruit physician-scientists into the research career path. This critical group of scientific workers includes
individuals holding medical doctorates and those with combined medical and research doctorates (see Chapter 5).

Because of the special market for nurses who pursue advanced preparation in research, this report includes a separate
assessment of research training needs in nursing research (see Chapter 7). Nursing research personnel are generally defined as
individuals holding both a degree in nursing and a Ph.D. Because of the wide variety of doctoral specialties pursued by these
investigators, we have not specified degree or employment specialties of these researchers. Rather, we consider nursing
research personnel to include individuals holding both a degree in nursing and a research doctorate in a wide variety of areas.

Finally, we have devoted a chapter in this report (Chapter 8) to a consideration of health services research personnel.
Certain of the institutes of health provide research training in areas related to the improvement of health care delivery, such as
drug abuse prevention studies. Our report concentrates, however, on the newly emerging market for research scientists
stimulated by the establishment of the Agency for Health Care Policy and Research (AHCPR) in 1989. This agency now
serves as the organizational locus within the federal government for studies of such health care reform issues as the reduction
of health care costs, the quality of care for the aged, and the overall health status of Americans, drawing investigators from a
wide variety of disciplines. Unfortunately, detailed information about the population of health services research personnel in
the

BOX 1-2 STUDIES REGARDING BIOMEDICAL AND BEHAVIORAL RESEARCH PERSONNEL
(P.L. 93-348)

Sec. 478. (2) The Secretary shall, in accordance with subsection (b), arrange for the conduct of
continuing study to—

(1) establish (A) the Nation's overall need for biomedical and behavioral research personnel,
(B) the subject areas in which such personnel are needed and the number of such personnel
needed in each such area, and (C) the kinds and extent of training which should be provided
such personnel;

(2) assess (A) current training programs available for the training of biomedical and behavioral
research personnel which are conducted under this Act at or through institutes under the
National Institutes of Health and the Alcohol, Drug Abuse, and Mental Health Administration,
and (B) other current training programs available for the training of such personnel;

(3) identify the kinds of research positions available to and held by individuals completing such
programs;

(4) determine, to the extent feasible, whether the programs referred to in clause (B) or
paragraph (2) would be adequate to meet the needs established under paragraph (1) if the
programs referred to in clause (A) of paragraph (2) were terminated; and

(5) determine what modifications in the programs referred to in paragraph (2) are required to
meet the needs established under paragraph (1).

(b) (1) The Secretary shall request the National Academy of Sciences to conduct the study
required by subsection (a) under an arrangement under which the actual expenses incurred by
such Academy in conducting such study will be paid by the Secretary. If the National Academy
of Sciences is willing to do so, the Secretary shall enter into such an arrangement with such
Academy for the conduct of such study.

(2) If the National Academy of Sciences is unwilling to conduct such study under such an
arrangement, groups or associations under which such groups or associations will conduct
such study and prepare and submit the reports thereon as provided in subsection (c).

(c) A report on the results of such study shall be submitted by the Secretary to the Committee
on Interstate and Foreign Commerce of the House of Representative and the Committee on
Labor and Public Welfare of the Senate not later than March 31 of each year...

Copyright © National Academy of Sciences. All rights reserved.
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United States was last available in the 1970s when NRC conducted a number of specialized surveys of these scientists (see,
for example, NRC, 1977). In the absence of systematic information about the study population, we have drawn on
membership information from the Association of Health Services Research (AHSR) to develop a profile of selected—if not
key—portions of that work force. As the demand for these specialists continues to grow, we hope that future study
committees will be in a better position to specify the overall size of the health services research labor force and trends in
training and employment. In the meantime, we have elected to base our training recommendations on the obvious immediate
need to address current low levels of training in health services research through an expansion of the NRSA program
administered by AHCPR to meet anticipated demand.

Panel on Estimation Procedures

To review mathematical and other models of supply and demand, the committee convened a panel of experts whose
work continues beyond preparation of this report. The Panel on Estimation Procedures was formed to evaluate the adequacy
of current models for estimating training needs in the broad fields comprising this study and to recommend new directions for
enhancing models and for improving data collection needed to implement models in the future. A preliminary summary of
their work may be found in the next chapter.

Call for a Public Hearing

Another important component of this study effort was a 1-day Public Hearing convened by the committee in
Washington, D.C. (Appendix C). The hearing, convened on May 3, 1993, was designed to solicit the views of colleagues in
the scientific and educational communities as part of the process of developing recommendations for the future direction of
the NRSA program. At the hearing, we posed the following four questions to our speakers:

+ What is the most significant challenge we face today in the United States in maintaining an adequate supply of
qualified scientists to sustain and advance health research?

* What improvements might be made in the NRSA program to ensure a continuing supply of skilled investigators in
the biomedical and behavioral sciences in the coming years?

* What steps might be taken to improve the effectiveness of the NRSA program in recruiting women and minorities
into scientific careers?

+ What features of the NRSA training grant might be strengthened to ensure the maintenance of high-quality research
training environments?

The public hearing provided a forum for exploring the need for biomedical and behavioral research personnel in
nontraditional settings, such as industry. It also provided a forum for interested spokesmen from the scientific and educational
research communities to suggest modifications in the NRSA program. In preparation for the public hearing, the committee
consulted with NIH and developed a comprehensive list of about 2,000 individuals and professional organizations to whom
letters of invitation were sent. These letters requested brief abstracts of proposed presentations. Approximately 200 responses
to the invitation were received, and from these approximately 35 speakers were selected. A summary of the public hearing
will be available separately. Names of respondents are listed in Appendix C.

Commissioned Papers

To augment the expertise of the committee in a variety of areas, we commissioned a number of papers for use during our
deliberations. In most cases, commissioned papers by experts within each of those broad fields addressed in this report
augmented the quantitative analyses conducted under the guidance of the Panel on Estimation Procedures. Appendix D
includes a list of the authors and other key contributors.

Airlie House Retreat

To review the information gathered by the committee through these various activities, the committee convened a three-
day retreat in Airlie, Virginia, in September 1993. The purpose of the retreat was to review information gathered by the Panel
on Estimation Procedures and other sources, to formulate our recommendations for refining the NRSA program, and to begin
the task of organizing this report. Representatives from the Institute of Medicine, from the NRC Commission on Life
Sciences, from the NRC Commission on Behavioral and Social Sciences and Education, and authors of the commissioned
papers were present to assist the committee in their technical discussions.

ORGANIZATION OF THE REPORT

This report is organized into three parts. Chapter 2 summarizes our approach to the assessment of national need in this
tenth report to the Secretary of Health and Human Services and to the U.S. Congress. This summary is followed by chapters
addressing developments in the demand for research specialists in

+ the basic biomedical sciences (Chapter 3),
« the behavioral sciences (Chapter 4),
« the clinical sciences (Chapter 5),

Copyright © National Academy of Sciences. All rights reserved.
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« oral health research (Chapter 6),
 nursing research (Chapter 7),
* health services research (Chapter 8).

Recommendations regarding the future direction of the NRSA program in meeting national needs are provided for each
broad field (see Appendix E for a summary of the awards available through the NRSA program).

The report concludes with a consideration of overall training issues, including specification of steps that might be taken
to make the NRSA program more effective in the coming years.

We are aware that there are certain limitations to this report. For example, we have not had the opportunity to address
research training needs in many deserving areas, such as the clinical specialties of veterinary sciences or social work. We
hope that subsequent analyses of personnel and training needs by the NRC will consider these and other topics not included
in this volume. Furthermore, the committee was unable to collect new data about the biomedical and behavioral sciences
work force given time and resource constraints. We believe, however, that this report serves the national interest by
emphasizing specialty areas for which the demand for talent is great and for which information is generally available. We
hope that NIH will consider collecting information in the near future needed to prepare for the next report, such as that
described in Chapter 9.
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Chapter Two
Approaches to the Estimation of National Need

The vitality of the U.S. health research effort depends upon the availability of scientists who are personally committed to
research, have mastered the theories and techniques of science, and can communicate their findings and assimilate new
knowledge. In the biomedical and behavioral sciences, the nation's need for these research scientists is tied closely to
problems of human health as well as opportunities for employment.

Previous National Research Council study committees have focused largely on education and employment in the
biomedical and behavioral sciences and the role of the National Research Service Awards (NRSA) program in maintaining an
adequate supply of well-trained scientists to maintain stability and efficiency in that system (IOM, 1985).! Given that
approach, a substantial data base was developed over the years that permitted study committees to monitor trends in
enrollment, degrees, employment patterns, and funding in certain of the fields. Analytic models of the training system were
developed through surveys and special studies (see, for example, NRC, 1978). Supply-demand models were generated in the
basic biomedical, behavioral, and clinical sciences to gauge the nation's need for scientists to maintain the balance in the
education-employment system (see, for example, NRC, 1975, 1981, 1989).

With this report we mark a departure from the activities of previous NRC study committees. In recognition of the
dynamic forces that create the demand for these highly skilled investigators, we present information on what we believe to be
the key contextual variables that influence the size and quality of the research work force in the biomedical and behavioral
sciences: the priority given by the nation to health research; recent major advances in the fundamental knowledge base, which
works both to attract young people to scientific careers and to challenge them to master the latest scientific and technical
developments; and changes in the demographic composition of the biomedical and behavioral science work force and recent
employment experiences of its members. Our focus is the development of the science career and the role of the NRSA
program in facilitating career development.

On the basis of our review of available information, we conclude that the demand for skilled research personnel in the
biomedical and behavioral sciences continues to be strong. In the sections that follow, we identify what we believe to be the
primary forces influencing the nation's need for skilled scientists in the next several years.

HEALTH RESEARCH AS A NATIONAL PRIORITY

The remarkable productivity of biomedical and behavioral research in the United States is largely a result of national
patterns of investment in research and development (R&D). In the past decade alone, U.S. support for health research and
development nearly tripled, growing from a total investment of $9.6 billion in 1982 to $28.1 billion in 1992 (NIH, 1993).
This significant growth occurred when other research sectors experienced less dramatic support, often influenced by shifting
priorities in federal budgets. The Defense Department's support for R&D, for example, grew rapidly in the early 1980s but
peaked in 1986 and then declined. This change is reflected in the relative standing of the life sciences, engineering, and the
physical sciences since 1980 (Figure 2-1).

The primary sponsors of health research in the United States are government agencies, industry (primarily the
pharmaceutical industry), and private nonprofit organizations (including foundations, voluntary health agencies, and medical
research organizations). (See Appendix Table F-1).

Copyright © National Academy of Sciences. All rights reserved.
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Figure 2-1 Federal obligations for research, Figure 2-2 Funding of health R&D as a
by field (in billions of constant 1987 dollars). percentage of total R&D, by source.

Source: National Science Board, 1994. Source: National Science Board, 1994.

Of the estimated $28 billion invested in health R&D in 1992, industry sponsored 45 percent, federal government
agencies sponsored about 41 percent, and the nonprofit sector sponsored 4 percent.

Health research has also grown as a share of total national R&D, from about 13 percent in 1980 to 18 percent in 1992.
As Figure 2-2 reveals, health R&D has grown as a fraction of total federal investment since 1984. However, health R&D has
grown more rapidly as a share of all other national sources of support for research and development. In summary, although
government budgets for health-related R&D have grown steadily over the past decade, other sectors have absorbed a greater
share of the sponsorship of health research.

Patterns of Federal Support

The principal sponsor of government research in the health sciences in the United States is the National Institutes of
Health (NTH). It is estimated that NIH will provide over 90 percent of the $10.9 billion of federal budget for health research
and development in 1994. (See Appendix Table F-2). Research highlights from the fiscal 1994 health budget for the federal
government reveal that the National Cancer Institute has the largest share of R&D funding within NIH ($2.08 billion in
1994), closely followed by the National Heart, Lung, and Blood Institute ($1.3 billion). These two institutes account for about
one-third of the total NIH R&D budget. Although the administration proposed a 3.2 percent increase over fiscal 1993 levels
for each of the 20 institutes and centers within NIH over fiscal 1993 levels, the U.S. Congress responded by increasing fiscal
1994 levels by over 5 percent. However, this rate of growth between fiscal years 1993 and 1994 represents a lower rate than
that observed in the late 1980s which averaged about 8 percent a year. Components of the NIH budget in 1994 receiving the
largest increases included:

the Human Genome Center (23 percent),

the National Library of Medicine (16 percent),

the Fogarty International Center (10 percent),

the National Institute for Allergy and Infectious Diseases (8 percent), and
the Division of Research Resources (6 percent).

In summary, federal support for health research remains strong although the rate of growth has slowed somewhat in
recent years (AAAS, 1992 and 1993). Coupled with current economic considerations (described below), it is uncertain,
however, whether anticipated growth for health research will match that observed in the 1980s.

Trends in Industrial Support
In 1987 the pharmaceutical industry provided almost $5.4 billion and the biotechnology industry provided $1.4

Copyright © National Academy of Sciences. All rights reserved.
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billion for health R&D (OTA, 1988). The Pharmaceutical Manufacturers Association reported that the combined R&D
expenditures of its member firms exceeded the total NIH budget in 1989. For several years industry has been viewed as the
most rapidly growing sector of health R&D, but recent reports suggest that the growth of industrial investments in R&D may
be leveling off, a result of corporate restructuring, slowdowns in productivity and economic growth, and other general
economic conditions that inhibit industrial spending in activities that yield long-term payoffs rather than short-term gains
(GUIRR, 1992).

Other Factors

In considering the future of health research in the United States during the next decade, it is important to realize that
research progress may be in conflict with or limited by economic possibilities. These limiting factors include the impact of
the budget deficit on federal spending, the economy, the unknown effects of health care reform, and the regulatory costs of
research investments.

Impact of the Budget Deficit

Federal agencies throughout government are experiencing the costs and uncertain future associated with the mounting
federal debt. As a result, efforts are underway throughout the Congress, the Office of Management and Budget, and
elsewhere to cut unnecessary government spending and to reduce costs. In recent years there has been little annual increase in
the research budgets for NIH after adjustment for inflation, apart from certain areas designated as priorities or major
initiatives (such as the Human Genome Project).

The Economy

Industrial investments in health R&D were a major source of the growth experienced in this sector in the 1980s and
compensated in part for reductions in federal growth patterns. However, slower economic growth and the lack of short-term
market payoffs from prior research investments have raised questions as to whether significant increases in private sector
funds allocated for health R&D can be sustained in the 1990s.

Unknown Effects of Health Care Reform

National interest in health care reform has raised many questions about the extent to which fundamental changes in
physician-patient relations, co-payment arrangements, and the financing of medical and hospital care will affect the conduct
and support of research. The emerging shift in emphasis from diagnosis and treatment of disease to the promotion of good
health and the prevention of physical and mental disorders, for example, may deeply influence future research priorities in the
health sector.

Regulatory Costs of Research Investments

The conduct of research has become part of a broader social and institutional context, and various social objectives or
interests have generated a range of regulatory requirements and oversight mechanisms that carry additional costs. Issues such
as the protection of human and animal research subjects, the protection of the environment (including the handling and
disposal of toxic substances and the siting of hazardous facilities), and the need to ensure research integrity and fiscal
accountability have raised new questions about the full costs of the research enterprise and the extent of the impact of hidden
infrastructure costs on future research budgets.

ADVANCES IN RESEARCH

Another factor that plays a significant role in influencing the nation's need for biomedical and behavioral scientists is the
growth of science. If we start, for example, from the work of the biologists and physicists who first gave us the structure of
DNA 40 years ago, we can trace how that very fundamental discovery opened the field of molecular biology. The
introduction of recombinant DNA technology was another milestone that gave us the tools to understand the gene.

In addition to being able to sequence genes rapidly, we can clone them and over-express proteins. The tools of physics
and computer engineering have allowed the development of instrumentation that enables us to determine the structures of the
macromolecules rapidly and accurately. This, in turn, has given rise to the field of structural biology.

The point is that basic science has given us the field of biotechnology, which now allows us to explore biology and
medicine in more effective and exciting ways. It is this kind of serendipity that has caused science and medicine to advance.

The remarkable accomplishments of the biomedical and behavioral sciences are evident in the answers that are emerging
to a host of disease problems—such as cancer, heart disease, acquired immune deficiency syndrome (AIDS)—and to the
revolutionary advances in every branch of medicine. The success of fundamental research in the past few years can only be
expected to accelerate the pace of discovery in the near future.

In the chapters that follow we identify the recent advances in the biomedical and behavioral sciences which we

Copyright © National Academy of Sciences. All rights reserved.
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believe hold promise for attracting bright students to think creatively about the further development of science and its
application to the health needs of the nation. Certain of these advances have been driven by significant investment in
problems of national concern such as substance abuse or violence. However, other advances represent the next steps that will
occur through the accretion of knowledge or the development of new technologies that make exploration of new problems
possible.

MARKETPLACE REQUIREMENTS

The first report of the National Research Council on the subject of national needs for biomedical and behavioral research
personnel was issued in June 1975, only 4 months after the Council accepted the task proposed under the NRSA Act of 1974.
Because of time constraints, the first study committee devoted its initial report to a description of the organization of the
study, an outline of the issues involved, and a presentation of the limited data available at that time. Each subsequent study
committee updated or enlarged the scope of topics addressed in prior reports and included some new issues.

In organizing the first study, the 1975 NRC committee divided the biomedical and behavioral fields into four areas: (1)
basic biomedical sciences, (2) behavioral sciences, (3) clinical sciences, and (4) health services research.” A panel of experts
was formed to assist the committee in each area, and an additional panel was created to guide the data collection and analyses.

It was recognized very early in that study that the legislative request to specify the nation's personnel needs in the fields
of biomedical and behavioral research would be impeded by the difficult problems of definition and classification. An
attempt was made, therefore, in the first report to define each of the four broad areas in terms of the disciplinary fields
included in them. These initial definitions were revised in subsequent reports, but the problems of taxonomy and determining
need at the disciplinary level continue to be among the most intractable ones facing every committee. The major problem, as
pointed out in the 1975 report, is that the boundaries between disciplines are difficult to draw. This problem is compounded
by the adaptability of biomedical and behavioral scientists and their capacity for mobility within and across fields. This is
especially true for transfers from more fundamental to more applied fields and for transfers facilitated by postdoctoral
training. Lastly, there is the difficulty of predicting major scientific developments and their potential impact on personnel
requirements. In view of these considerations, the recommendations of previous NRC committees have been directed almost
exclusively to broad areas rather than to disciplinary subgroups.

The 1975 study committee commented on the weaknesses inherent in all available manpower models when it first began
to assess methods of projecting the labor market. That committee observed that supply depended largely on such intangibles
as students' perceptions of the prestige, prospects, and value of various careers. Demand, in turn, responded to another set of
factors—future economic conditions, levels of federal funding, and evolving research priorities—all of which could change
abruptly and unpredictably.

Nonetheless, during the 1970s the study committees used supply and demand models to assess the relationships between
the production of Ph.D. scientists, the need for research personnel in universities, and the commitment of funds from various
sources to R&D in the basic biomedical and behavioral sciences. However, in 1981, another study committee reported that
significant problems existed in making projections from available data. First, the latest data were not always available for use
in the model. Second, changes within specific disciplinary subgroups were not measurable (only the number of people in
broadly defined categories was known), thus limiting the utility of the analysis to estimate "national need". Third,
assumptions about job mobility were flawed: it had been assumed in the past that turnover in the pool of career scientists in
U.S. colleges and universities was principally due to retirement and death. More recent assessments indicated this was not the
case, that there was a substantial amount of switching between academic and nonacademic positions.

During the mid-1980s, succeeding committees continued to use supply and demand models, introducing certain
improvements.

In particular, the 1989 study committee enhanced earlier analyses of the labor market for biomedical and behavioral
scientists in several ways:

+ expanded the labor market analysis to include industry, government, hospital, and other nonacademic sources of
labor demand;

+ developed separate projections for the labor market in general and for scientists working in R&D or management of
R&D;

* included a demographic-economic model for estimating scientist attrition due to death, retirement, and net
occupational movement;

* brought labor supply into the labor market assessment; and

 projected labor market variables to the year 2000.

Another improvement over the years has involved the disaggregation of disciplinary fields for purposes of analysis,
specifically in the behavioral sciences. In the earliest reports, study committees presented the labor market outlook for Ph.D.s
in the behavioral sciences as a whole, without distinguishing between the subfields of psychology, so
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ciology, anthropology, and speech and hearing science. In 1978 the study committee, realizing that the analysis of the labor
market was hindered by treating the behavioral sciences as a single entity, separated the data into clinical (clinical
psychology, counseling and guidance, and school psychology) and nonclinical fields. This disaggregation enabled the
identification of divergent market trends within the behavioral sciences.

Status Report on the Work of the Panel on Estimation Procedures

The Panel on Estimation Procedures was asked by the present committee to analyze models of supply and demand used
by previous NRC study committees. The panel decided to analyze the model used by the 1989 committee® and presented their
results to the committee in September 1993.* While the Panel on Estimation Procedures plans to prepare a separate report
summarizing its deliberations, a brief overview of their work follows.

1989 NRC Model

The 1989 NRC model includes a demographic model that projects the numbers and characteristics (primarily age) of the
supply of scientists in the work force and a curve-fitting procedure that forecasts the demand for scientists by sector (NRC,
1989). The panel concluded that all components were found wanting. The demographic projection model confuses age and
cohort effects; it could only project accurately in a steady state, when no projections are needed. It has no mechanism for
projecting new entrants into the labor market. The demand model restates earlier ad hoc committee models and assumes,
falsely, that ratios of students to teachers and of scientists to research dollars are fixed and do not change as economic and
technical conditions change. Finally, the treatment of equilibrium implicitly (and incorrectly) assumes that today's excess
demand or supply has no effect on tomorrow's market. The panel recommended to the committee that the 1989 NRC
committee model "should not be the base the committee uses in developing its recommendations".’ Instead, the panel
recommended the exploration of alternative approaches to estimating supply and forecasting demand.

New Techniques for Estimating National Needs

The panel explored the feasibility of developing projections of supply through demographic techniques. (Preliminary
work using this technique may be found in the next two chapters of this report.) These techniques begin by listing the
characteristics of a given population (e.g., age, sector of employment, and employment status) and projects changes in the
population based on the life history of members of the population. These multistate life tables (Keyfitz, 1985) are useful for
answering the questions, What will be the characteristics of the labor force in 5 years? How long do workers remain in a
particular job?

The answer is generated through a series of statistical calculations by making assumptions about both the rates of
transition of individuals from state to state (employed to retired, for example) and the rates of new entrants to the system. The
panel expects to continue its work in this area in 1994 and will prepare a final report containing recommendations for the
further development of forecasting activities along these lines.®

The panel is skeptical, furthermore, about the possibility of generating useful forecasts of demand and gave two reasons
for doubting that useful long run forecasts of demand could be made. First, the conceptual basis of current forecasting models
is questionable. Demand forecasts in the tradition of previous reports assume the existence of some fixed function relating
scientists needed to students and research dollars. They assume, in the simplest case, that student-faculty ratios are fixed and
that the number of dollars required to support one scientist is fixed. This is, on its face, silly. Student-faculty ratios depend on
market conditions and historically have varied considerably. The relationship between research dollars and Ph.D. scientists
employed depends on the cost and capability of machinery and the relative costs of technicians, postdoctoral appointees, and
Ph.D.s, all of which are absent from these models. More complex models assume complicated (and completely ad hoc)
relationships between students and faculty and scientists and dollars spent on research; they continue to assume that these
relationships are fixed and independent of economic and technological conditions.

The second reason the panel is skeptical about the possibility of generating useful long-term demand forecasts is
simpler. To be of use, the forecasts must predict accurately a long period in the future. Those who enter graduate school today
will be beginning their independent research careers 6 to 8 (or more) years from now. The predictions of forecasting models
become imprecise when projected 5 to 10 years. Models that previous committees developed are a case in point.

The panel believes it is both feasible and useful to develop short-term indicators of demand. Monitoring these will
provide information about current employment conditions. This information is of limited use to policymakers because today's
decisions about fellowships and traineeships primarily affect the scientific labor market a decade from now. Nonetheless, it is
useful for two reasons. First, it may suggest ways in which current policy should be changed. For example, if a field has an
extremely tight labor market, a shift from post-to pre-doctoral support may be appropriate.

Copyright © National Academy of Sciences. All rights reserved.
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Second, current market conditions are an important influence on young people's decisions to become research scientists.

Summary

The Panel on Estimation Procedures has conducted a series of preliminary assessments of available models of supply
and demand and has concluded that they are of no utility to this present effort to establish the nation's overall need for
biomedical and behavioral research personnel. The committee has accepted this conclusion and suspended use of
mathematical models of supply and demand with this study.

The panel has concluded that new approaches are needed to project the supply of these researchers and to estimate
demand. The panel has suggested the use of multistate life tables for assessing changes in the composition of the labor force
over time. The committee has accepted this suggestion. The panel has also offered sample short-term indicators of demand,
some of which are included in this report.”

The committee believes that the panel has made a significant contribution to the process of establishing overall need for
biomedical and behavioral scientists by demon-seating the potential value of techniques that monitor changes in the supply of
scientists and the value of short-term indicators of demand over previous mathematical approaches to estimating supply and
demand adopted by the NRC. Although the product of their work, found in the next two chapters, must be viewed as
preliminary, it already shows promise as a policy tool in human resource studies.

NOTES

1. See, also, Appendix A for a brief overview of the key features of previous NRC reports in this area.

2. Legislative reform in the 1970s resulted in the inclusion of nursing research personnel around 1978. Oral health research
personnel (included by that name in this present study) represented an outgrowth of the clinical sciences. Research training
needs in that area were addressed separately as "dental research training" in the late 1970s.

3. The Panel reviewed earlier models developed by previous NRC committees but concluded that their attention to "academic
employment opportunities” restricted their utility to present market concerns, and removed them from serious consideration
for further use by the National Research Council.

4. M. Rothschild, report to the Committee on National Needs for Biomedical and Behavioral Research Personnel, September
11, 1993.

5. M. Rothschild, ibid. Rothschild continues: "Tinkering with the model while retaining its basic structure will not make it a
useful tool."

6. Since future Ph.D.s are produced only by those prior Ph.D.s who entered academia, projections of the supply of future
Ph.D.s must separate these two components of doctoral supply. Simple projections of future supply based on the current
entire doctoral population are misleading.

7. The committee restricted the application of these new techniques to the market outlook in the basic biomedical and
behavioral sciences. This was due to the fact that data requirements made detailed analyses possible only in those areas. To
the extent data were available for a similar set of variables, they were included in other chapters. However. the multistate life
table method was restricted to work in chapters 3 and 4 owing to the lack of information of sufficient detail to permit the
application of that method in the other areas.
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Chapter Three

Basic Biomedical Sciences Personnel

Exciting developments in the basic biomedical sciences continue to attract talented individuals to research careers.
Although the National Institutes of Health (NIH) provide both extramural and intramural support to advance research and
maintain a pool of skilled scientists, it is the National Research Service Awards (NRSA) program that provides the most
promising young scientists with the funds they need to complete their training while pursuing research topics of interest to
them and the nation.

Like previous NRC committees formed to address the future direction of the NRSA program, we have considered the
appropriate level and mix of predoctoral and postdoctoral support in the basic biomedical sciences given advances in basic
research and changing employment patterns for scientists in component fields (see Appendix B for a field taxonomy). This
has been a challenging task for three reasons. First, changes at the NIH may well favor a shift toward more basic research in
the health sciences. However, unless resources are made available to basic biomedical scientists to pursue those new
directions, the connection between training and research will be broken. The continued success of the NRSA program
depends on its ability to attract highly qualified and promising students to enter training and pursue careers in research. The
interest of potential trainees in such a career and their ability to pursue it depends, in turn, on continued federal commitment
to support health-related research as an important national need.

A second, possibly related, challenge we confronted involves the interpretation of the current and future market for basic
biomedical scientists. We realize much has been written recently about the difficulties some young biomedical scientists have
encountered in locating positions in research settings and/or securing research support. (Indeed, a recent report of the
National Research Council's Commission on Life Sciences [NRC, 1994] addressed the topic of obtaining NIH support.) We
believe that for some young scientists the market has become sluggish. We cannot help but observe, however, that the
unemployment rate of basic biomedical scientists is estimated to be about 2 percent or less and has not changed significantly
in the past two decades. We attribute this finding to the fact that not all Ph.D.-level scientists pursue careers in academic
research settings; some work in government, industry, or schools. Almost all are essential, however, to the support of the
infrastructure of the nation's research and training enterprise in the basic biomedical sciences.

Our Panel on Estimation Procedures has persuaded us that the mathematical models of supply and demand found in
previous reports on the NRSA program should be abandoned in favor of an analysis of the supply of scientists and a separate
look at selected indicators of market conditions. As noted in the previous chapter (Chapter 2) mathematical models of supply
and demand have a number of deficiencies, among them a lag in information about the most recent employment prospects.
While the new techniques developed by the panel have not solved the problem of having up-to-date market information, the
analyses inherent in the indicators of market conditions coupled with the use of multistate life table analyses of changes in
supply represent at least a partial solution. These analyses do not offer a specific assessment of future demand. Because of
this, the committee chose to develop alternative assumptions about the growth of future demand and to examine the
implications of these assumptions for the number of degrees in biomedical sciences that would be required to meet these
assumed rates of growth. The product of that assessment may be found in the pages that follow.

On the basis of that analysis and our subsequent deliberations, we conclude that the national biomedical effort

Copyright © National Academy of Sciences. All rights reserved.
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continues to benefit from the steady addition of men and women (including minorities) to the basic biomedical sciences work
force. They appear to be employed productively, although not all may be working in research laboratories. The best
predictions for economic activity and research and development (R&D) funding in the near future suggest, however, that
demand for basic biomedical scientists will grow slowly. Our primary concern at this time, therefore, is to maintain the
supply of highly skilled scientists required to

+ keep our nation in a lead position in all areas of basic and applied biomedical sciences,

« respond rapidly and effectively in combating new problems in human health and disease, and

+ ensure the efficient transfer of new knowledge and technology into developing areas of clinical promise and
industrial opportunity.

Meeting the national need for highly qualified and productive biomedical scientists depends on attracting sufficient
numbers of the best and brightest high school and college students into scientific careers at the graduate level, which in turn
depends on facilitating access of all qualified students to this education path. The NRSA program clearly has an important
role to play in that effort.

In considering the future role of the NRSA program in meeting national needs for bioscientists, we confronted our third
challenge: the increasing attractiveness of stipends for research training from sources other than the NRSA program. We
learned from participants at the public hearing (May 1993, Appendix C) that the NRSA program generally remains effective
in recruiting individuals into the research training path and launching them into research careers. However, for reasons
largely related to years of stagnant growth in stipend support, the NRSA is no longer competitive with other mechanisms of
training support, which have higher stipends and more flexibility. The committee considered these issues and concluded that
high priority must be given to restoring appropriate stipend support through the NRSA program even at the expense of
overall growth in the total number of awards in the basic biomedical sciences over the next few years. Thus, our
recommendations for the future direction of the NRSA program reflect our deep conviction that the NRSA program must
continue to play a significant role in the national biomedical research effort and that this will require prompt attention to
issues of stipend size and flexibility. In the pages that follow we shall address each of these issues.

ADVANCES IN RESEARCH

Innovations in basic science and in technology are inextricably intertwined and inseparable. Advances in basic science
lead to development of new technologies that, on the one hand, give rise to new therapies and industrial applications, and on
the other hand, give rise to fresh advances in science from which, in turn, emerge additional new technologies. Thus,
advances of the 1960s and early 1970s in biochemistry, microbiology, and genetics provided the information required for
development of recombinant DNA technology, which has, in turn, provided the basis for revolutionary new insights in many
fields of biology and medicine and has given rise to novel diagnostic and therapeutic modalities and to an entirely new
biotechnology industry. More recently, the discovery of extremely thermophilic bacteria that live in hot springs and deep
ocean vents and study of their biochemistry, together with other advances in molecular biology and recombinant DNA
technology, has led to a new refinement in molecular biological analyses, the polymerase chain reaction (PCR). PCR has
proven to be an extraordinarily powerful tool in basic biomedical and clinical research and has important applications in areas
of medical biotechnology, such as clinical diagnostics. Indeed, it is noteworthy that Dr. Kary Mullis shared the 1993 Nobel
Prize in Chemistry for his work in development of PCR.

A second new technology with major applications in clinical medicine and industry, as well as basic biomedical
research, arose from immunologists' need to understand the nature of the immune response and the mechanisms controlling
the formation of antibodies. The so-called monoclonal antibody technique provides a method of exquisite specificity and
sensitivity for identifying and purifying any molecule that is capable of eliciting an immune antibody response. Current
medical applications include, for example, rapid and precise identification and analysis of pathogenic microorganisms and
tumor cells and purification of specific types of immune cells for diagnostic and therapeutic purposes.

These and other innovative technologies, in conjunction with advances in microchemistry, instrumentation, and, most
notably, computer science, have fueled a continuing explosion of understanding in many fields of basic biomedical sciences.
These include mechanisms of regulation of gene expression in growth, differentiation, and development; biochemical
mechanisms regulating normal and abnormal cell growth and multiplication; mechanisms whereby the immune system
recognizes, processes, and responds to antigenic stimuli; protein structure at atomic resolution, the relationship of structure to
specific protein function, and the principles of protein design; mechanisms of nervous system development and function,
including molecular bases of learning and memory; elucidation of the human genome and its expression; and development of
new food crops to feed the world's population.

Advances over the past decade in areas of basic biomedical science such as those cited above have profound
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implications for understanding the genesis of major human diseases and for future development of effective means of
prevention, therapy, and cure. Efforts to map the human genome and identify mutant genes responsible for heritable diseases
are progressing rapidly under the aegis of the Human Genome Project and form the basis of the newly emerging field of gene
therapy. It is worth noting that studies on the human genome depend heavily on technologies which derive from concurrent
work on mouse genetics and embryology, such as construction of transgenic mice. These technologies have also been
important for discovery and functional analysis of so-called oncogenes and tumor suppressor genes. The protein products of
those genes normally serve as important regulators of gene expression or cellular growth and multiplication but can, through
mutation or aberrant expression, trigger unregulated cancerous growth of cells. The rapidly increasing understanding of the
complicated biochemical and genetic means by which control of cell growth and multiplication is achieved—and lost—are
providing major new insights into the root causes of cancer and possible strategies for prevention and therapy. During the
past decade, structural biology (specifically, determination of three-dimensional macromolecular structure at atomic
resolution) has undergone a renaissance with the advent of recombinant DNA-based methods for production of large amounts
of pure proteins and nucleic acids and concomitant improvements in instrumentation and computational methods. This
information is crucial, not only for understanding functional interactions of normal and abnormal proteins, but also for
determining how drugs interact with their target proteins and for rational design of new agents with improved therapeutic
properties.

ASSESSMENT OF THE CURRENT MARKET FOR BASIC BIOMEDICAL SCIENTISTS

Employment conditions for biomedical scientists were relatively robust throughout the 1980s (Figure 3-1). In response
to expanding opportunities in health research, the basic biomedical work force grew dramatically, rising from roughly 64,000
Ph.D.s in 1981 to nearly 92,000 in 1991. This 44 percent growth is about twice that of the total science and engineering work
force and quadruple the rate of employment growth of the total U.S. work force.!

:m[

000 -—
#5000 4

B0C00

8000 A
70000 p
G000 f—"_ —

BO000 l
1881 1983 1586 19a7 1283 1991

Numbar i Work Force
"

Figure 3-1 U.S. biomedical science workforce, 1981-1991. See Appendix Table F-3.

Accompanying this dramatic work force growth were substantial changes in its composition. Among the notable
changes were the growing prominence of females and Asians” and the declining prominence of native-born male citizens.
Accompanying these changes in work force characteristics were changes in the nature of employment opportunities.
Academic employment declined as a relative share of total employment as industrial employment grew.

As Figure 3-2 suggests, about 23 percent of the basic biomedical science work force were women in 1991, up from 17
percent in 13981. Almost half of the women in the 1991 work force were younger than 40, compared with roughly 38 per cent
of the men.

1881 133

Figure 3-2 Fraction of the U.S. biomedical science work force who are women, 1981 and 1991. See
Appendix Table F-3.

The biomedical sciences work force has also become more racially diverse over the years, but progress has been slow. In
1991 nearly 12 percent of the employed biomedical science Ph.D.s represented individuals from a racial minority group
(Table 3-1). In 1979 these minorities represented about 8 percent of the biomedical work force. Most of the growth occurred
for Asians. Progress in ethnic diversity is less dramatic. In 1991 Hispanics represented about 2 percent of the biomedical
scientists. In 1979 the comparable statistic was roughly 1 percent.

The age distribution of the work force is an important early-warning indicator of future replacement needs. Despite its
rapid growth over the past decade, the biomedical work force is aging (Figure 3-3). The median age has risen slowly from 39
to 42 years. Based on these projections, the 1989 study concluded that annual replacement needs would increase by 28
percent between 1987 and 1995, from 5,086 to 6,543 as a result of replacement demand (NRC, 1989).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4750.html

o
=}
2

$=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

K

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S
2

E

-
o
c

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
(o)

K

=]
£
o
2

E

°
9]

)
@
)
2
G
0

Kl

=

-

=

x
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
3]

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

Q

=

L

[a]

o

R

<

=]
=
=}
o

a

<

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

to the original; line lengths, word breaks, heading styles

use the print version of this publication as the authoritative version for attribution.

dical and Behavioral Scientists

BASIC BIOMEDICAL SCIENCES PERSONNEL

26

TABLE 3-1 Racial/Ethnic Composition of the Employed Biomedical Ph.D.s: 1981 and 1991

19812 1991b

Number Percent Number Percent
Race
TOTAL 58,264 100.0 85,275 100.0
White 53,005 91.0 75,830 88.9
Black 722 1.2 1656 1.9
Asian/Pacific Islander 4,438 7.6 7,583 8.9
Other (Incl. Native American) 99 0.2 206 0.2
Ethnicity
TOTAL 56,950 100.0 84,803 100.0
Hispanic 818 1.4 1,263 1.5
Non-Hispanic 56,132 98.6 83,540 98.5

2 For those who responded in 1981. Race nonresponse was 182 in 1981 and ethnic nonresponse was 1,496.
b For those who responded in 1991. Race nonresponse was 321 in 1991 and ethnic nonresponse was 793.
NOTE: Employed biomedical Ph.D.s are those with a biomedical Ph.D., regardless of employment field. Estimates are subject to
sampling error. Comparisons between 1991 estimates and those of earlier years should be made with caution due to changes in survey
methodology. Prior to 1991, the SDR collected data by mail methods only. In 1991, the survey had both a mail component and a
telephone follow-up component. In this table, 1991 estimates are based on "mail-only" data to maintain greater comparability with earlier

years.
Source: NRC, Survey of Doctorate Recipients. (Biennial)
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Figure 3-3 Median age of U.S. biomedical science work force gender, 1981-1991. See Appendix Table F-3.

100 Gitizan

o gy

|
£ 90
E L e = S S
5 B —
ao
75—
1987 1983 1385 1887 18BY 1904
Figure 3-4 Citizenship status of employed biomedical science Ph.D.s, 1981-1991

. See Appendix Table F-4.
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Almost 95 percent of employed biomedical science Ph.D.s were U.S. citizens in 1991 (Figure 3-4). However, between
1981 and 1991, native-born U.S. citizens became a smaller proportion of the total U.S. biomedical work force. That is, in
1981 native-born U.S. citizens represented 87.5 percent of the biomedical work force, compared with 85.4 percent in 1991.
While weak, this declining trend reflects the more general phenomenon in science and engineering as a whole, wherein U.S.
native-born citizens represented 86.4 percent of the Ph.D. work force in 1981 but only 82.7 percent ten years later (NSF,
1990).

Individuals holding postdoctoral appointments are an important component of employment in the biomedical field.
Proportionately, more women than men held postdoctoral appointments.* In part, the difference is because the likelihood of
holding a postdoctoral position varies inversely with career age, and women, as more recent participants in biomedical
science, tend to be younger.
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Figure 3-5 Employment sector of the U.S. biomedical science work force, 1981-1991. See Appendix Table F-5.

Opportunities for employment in the academic sector have grown more slowly than have opportunities for employment
in nontraditional settings (Figure 3-5). As a result, only 54 percent of the biomedical science work force were employed in
academia in 1991 in contrast to two-thirds in 1981. This trend reflects the changes in academic employment prospects
experienced by those in many other fields. Offsetting this trend, however, has been the dramatic rise in employment
opportunities in industry. This sector accounted for almost 28 percent of 1991 employment, up from almost 17 percent in
1981. The proportion of the basic biomedical workforce employed in other sectors (such as government or in hospitals and
clinics) remained about the same during that period.

Degree Production and Career Patterns

The major source of new biomedical science talent has been our nation's university system. It is not the only source of
talent, however. Some jobs are filled by immigrants who received their degrees in other countries. Furthermore, some
recipients of biomedical Ph.D.s are employed in other fields, and some biomedical science jobs are filled by workers with
degrees in other fields.

Degree Production

The most readily available source of information about patterns of degree production is the Doctorate Records File, °
which describes degree production from U.S. universities; the committee summarizes this information below.

A declining trend in degree production occurred between 1981 and 1985 and was followed by a relatively stronger
upward trend between 1987 and 1992. The annual number of degrees produced in the biomedical sciences rose by 10 percent
over the entire period, from about 3,400 to almost 3,800 (Figure 3-6). This rate of increase was notably slower than the
comparable rate of 31 percent for doctorates in all fields of science and engineering (Ries and Thurgood, 1993).

4000
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Figure 3-6 Biomedical science Ph.D. production, 1981-1992. Note: Data limited to U.S. citizens and permanent
residents. See Appendix Table F-6.

There were notable changes in the characteristics of the degree recipients in the biomedical sciences: an increasing
fraction were female and a smaller fraction were U.S. citizens. The average age of recipients increased.

Significant progress has been made in achieving gender diversity. The number of degrees granted to women increased
between 1981 and 1992 by almost 60 percent (from roughly 1,000 to about 1,600). In 1981 women represented 29 percent of
the degrees produced in biomedical sciences; by 1992 they received 43 percent (Figure 3-7).

Little progress has been made with respect to race and
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ethnic diversity, however (Table 3-2). When analyses axe restricted to degree recipients who are U.S. citizens or permanent
residents, we find that whites constituted about 91 percent of 1981 degree production; in 1992 they represented just over 86
percent. Roughly half of this small decline can be accounted for by the growth in the number of degree recipients of Asian
origin. The share of degrees awarded to Asians rose from 5.3 in 1981 to 8.4 percent in 1992.
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Figure 3-7 Fraction of biomedical science Ph.D. degrees earned each year by women, 1981-1992. NOTE: Data
limited to U.S. citizens and permanent residents. See Appendix Table F-6.

There has also been a dramatic change in the citizenship status of biomedical degree recipients. The percentage who
were U.S. citizens declined from 88 percent in 1981 to 69 percent in 1992 (Figure 3-8). Similar changes are occurring in
other fields, 2 particularly in the physical sciences and engineering (NSF, 1990). This change may ultimately be reflected in
the citizenship characteristics of the biomedical work force.®

0 -

.,.
+
+

T———il
. S—
—

Feereniagn
AEREARRER
'l
i+
W
¢
r

e o —— + p—
1REY 1EED 1383 39S 1HS 130 187 1M 1399 150 1ER1 A

Figure 3-8 Fraction of biomedical science Ph.D. degres earned each year by U.S. citizens, 1981-1992. See
Appendix Table F-7.

Career Patterns

Given the objective of the NRSA awards—to produce research scientists—it is useful to have some notion of the
number of years over the course of a career that these scientists remain engaged in R&D. The effectiveness of the program
will vary with this number. The Survey of Doctoral Recipients—a longitudinal survey that tracks doctorates in the sciences,
engineering and humanities biennially—provides useful information on employment patterns, including postdoctoral work.
This survey has the potential for illuminating career patterns of biomedical scientists. Thus, the Panel on Estimation
Procedures will examine more closely the feasibility of estimating such patterns.

Market Conditions

This section presents short-term indicators of market conditions: unemployment and underemployment rates,
postdoctoral appointments, postgraduation commitments of

TABLE 3-2 Biomedical Ph.D. Production Over Time, by Race and Ethnicity
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Total N 3293 3359 3243 3294 3126 3162 3119 3406 3429 3482 3684 3728
White % 915 91.1 90.4 90.3 89.9 89.5 88.9 89.5 88.7 88.5 86.3 86.3
Black 1.9 1.8 1.6 1.9 2.0 1.6 2.3 1.9 2.2 2.0 2.3 2.1
Hispanic 1.2 1.5 1.4 1.5 1.8 2.1 2.2 2.4 2.3 2.6 2.7 2.7
Asian 5.3 5.4 6.3 6.0 5.9 6.2 6.2 6.0 6.5 6.7 8.3 8.4
Native 0.2 0.2 0.2 0.3 0.4 0.6 0.3 0.2 0.3 0.1 0.3 0.5
American

NOTE: Cases with missing data are excluded. Data limited to U.S. citizens and permanent residents.
Source: NRC, Survey of Earned Doctorates. (Annual)
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new doctorates, and relative salaries. 7 No strong trends have been discerned, although changes in postgraduation
commitments and starting salaries suggest that the demand for basic biomedical scientists has been growing more slowly than
in earlier years.

Unemployment and Underemployment

The most commonly used short-term indicator of labor market conditions is the unemployment rate. In labor markets for
highly skilled workers, however, the unemployment rate is not as meaningful as an indicator of market conditions. This is
because such workers are able to find jobs even in times of weak demand. Thus, the issue is not whether the worker has a job,
but whether the job is fully utilizing the worker's skills. For this reason, the committee has also compiled information on
underemployment which is defined to include workers who are working part time but would prefer full-time jobs and workers
who have jobs that are outside of science and engineering and who indicate they took these jobs because they could not find
work in science and engineering. Figures 3-9 and 3-10 summarize these rates. Because concern has been expressed recently
about the weak state of demand in the physical sciences, comparable rates for physical scientists are included so that the
reader can assess the relative status of biomedical science labor markets as gauged by this indicator.
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Figure 3-9 Unemployment rates of biomedical and physical sciences Ph.D.s, 1973-1991. See Appendix Table F-8.

Several conclusions emerge. First, as noted above, unemployment is not a serious problem. Rates of unemployment and
underemployment generally hover around 1 percent in each of the fields examined. The data in Figure 3-9 contrast strikingly
with the rate for the entire U.S. work force, which has ranged between 4.9 and 6.7 percent during this period (Office of the
President of the United States, 1993).
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Figure 3-10 Underemployment rates of biomedical and physical sciences Ph.D.s, 1973-1991. See
Appendix Table F-9.

Postdoctorates

The number of new Ph.D.s with postdoctoral appointments can also reflect labor market conditions.® One of the
functions of postdoctoral appointments, for example, has been to provide interim positions for new researchers. Given this as
one of many functions of postdoctoral appointments, this number can be expected to rise when demand is weak.

Figure 3-11 summarizes information on such appointments for new biomedical researchers (i.e., those who received
their degrees 4-5 years earlier) for the period 1973-1991. The data show that the fraction of these researchers who are
postdoctorates rose dramatically in the 1970s. This strong trend was followed by a smaller, more erratic pattern in the 1980s.

These trends, on inspection, do not support the notion of a weakening demand in the biomedical fields in the 1980s. The
unusual pattern observed in the 1980s suggests that other factors may have influenced the fraction of recent bio
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Figure 3-11 Fraction of biomedical science Ph.D.s at career age 4-5 on postdoctoral appointments, 1973-1991. See
Appendix Table F-10.
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medical Ph.D.s holding postdoctoral appointments in that period. For example, the observed trends may reflect variations in
the availability of funding for postdoctorates, with increasing support in the 1970s and increasing constraint in the 1980s.

Postgraduation Commitments

The postgraduation plans of new doctorates may also reflect market conditions. In particular, the percentage of new
doctorates who indicate that they have definite commitments at the time they are completing their requirements for the degree
can reflect the strength of demand. When demand is weak this percentage will fall; when demand is strong this percentage
will rise.

Figure 3-12 summarizes these plans for the period 1975 to 1992. To provide a comparative base, similar information is
provided for degree recipients in the physical sciences, which are thought to be suffering currently from weak demand. The
data show a notable declining trend in this percentage for each of these fields beginning in 1989, but the trend is more
pronounced in the physical sciences.
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Figure 3-12 Fraction of new biomedical and physical sciences Ph.D.s with definite commitments, 1975-1992. See
Appendix Table F-11.

Starting Salaries

"Starting salaries" are defined as the median salaries of doctorates, age 30-34, who currently hold full-time employment
positions (excluding postdoctoral positions). Information regarding the starting salaries of biomedical doctorates relative to
comparable salaries for all science and engineering doctorates is presented in Figure 3-13. Since 1983, salaries for these
scientists in fields other than the basic biomedical sciences taken as a whole have been growing relatively faster than salaries
for basic biomedical scientists. This suggests that relative demand has been growing more slowly in the biomedical sciences
than in other fields of science or engineering combined.’
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Figure 3-13 Salaries of biomedical science Ph.D.s (age 30-34) who currently hold full-time employment positions
(excluding postdoctoral positions) as a percentage of comparable salaries for all scientists and engineers,
1973-1991. See Appendix Table F-12.

OUTLOOK FOR BASIC BIOMEDICAL SCIENTISTS

The labor market for biomedical scientists defines one dimension of need. Job openings are generated by deaths,
retirements, and other types of separation from the biomedical work force. In addition, job openings are also generated by
growth in employment demand. These job openings may be filled by recruitment from many talent pools: new doctorate
recipients, experienced doctorates from other labor markets or from outside the labor market (including doctorates from
abroad), nondoctorates, etc. In this context, need can be defined as filling future job openings to achieve a particular rate of
employment growth or to achieve some alternative goal. The target rate of growth or the alternative goal is a policy decision
usually made on normative grounds.

Given this broad context, the committee examines future employment conditions in an effort to estimate need
(approximated by job openings) and our ability to meet this need (measured by new Ph.D.' s entering the biomedical sciences
workforce). Because job openings can be filled by recruitment from a variety of talent pools, the reader is cautioned that the
committee's indicator of our ability to meet this need represents a lower-bound estimate of this ability.

Table 3-3 contains estimates of the future number of job openings to be filled under alternative scenarios about
employment growth. Three scenarios are examined: zero growth, 3.6 percent per year (the 1981-1991 compound growth rate
for the biomedical science workforce), and 1.8 percent per year (one-half the 1981-1991 compound growth rate). The method
used to generate these estimates is a

Copyright © National Academy of Sciences. All rights reserved.
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variant of demographic cohort-survival models. It generates flows of workers into and out of this work force, and, on the
basis of these flows, it generates estimates of changes in the size of this work force.!? There are, of course, many ways to do
multistate life table analysis. The data presented below should be viewed as preliminary work by the committee, which will
be explored further by the Panel on Estimation Procedures in the coming months.

TABLE 3-3 Committee Estimates of the Average Annual Number of Job Openings Needed to Sustain Various Growth
Rates of the Biomedical Work Forcea,b

Zero Growth Rate Scenario  Half the Average Growth Rate Scenario®  Average Growth Rate Scenario

d

Year Numbers Needed Numbers Needed Numbers Needed
1996-1997 1291 3358 5473
1998-1999 1714 3691 6031
2000-2001 1991 3915 6506

2 Biomedical work force consists of those employed or on postdoctoral appointments in a biomedical field. Data derived from the NRC
Survey of Doctorate Recipients, a sample survey.

b Based on multistate life table methods. See Appendix G for methodology.

¢ Half the average referred to in footnote d or 1.8 percent.

d Refers to biomedical work force's average annual compound growth rate over the past decade or 3.6 percent (4.25 percent,
uncompounded).

Estimates are developed for three time periods: 1996-1997, 1998-1999, and 2000-2001. The estimates are very sensitive
to the growth rate assumption, varying from 1,291-1,991 in the zero growth scenario to 5,473-6,506 in the 3.6 percent per
year growth scenario. The range is substantially narrower for a given growth rate scenario. The modest increases observed
over time for a given rate of growth partially reflect the widely expected increases in deaths and retirements in the late 1990s.
Except for the zero growth scenario, they also reflect the growth of the biomedical science work force.!!

For comparison purposes, Table 3-4 shows the number of new biomedical Ph.D.s entering the biomedical work force
through 1990, estimated from the longitudinal SDR.'> These numbers represent a substantial fraction of the degree
production that occurred in these fields, although it does not reflect the employment outcomes of new graduates who may
have found employment in other fields or delayed entry into the work force. An estimated 82 percent of the biomedical
Ph.D.s entered the biomedical work force

TABLE 3-4 Estimated Number of New Biomedical Science Ph.D.s Entering the Biomedical Science Work Force in
Selected Years.

Year Number?
1985-1986 2985
1987-1988 3178
1989-1990 3353

2 Annual averages.

NOTE: "Biomedical science work force" consists of those employed or on postdoctoral appointments in a biomedical field. The Survey
of Doctorate Recipients is a sample survey and subject to sampling error.

Source: NRC, Survey of Doctorate Recipients. (Biennial)

Copyright © National Academy of Sciences. All rights reserved.
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(which includes postdoctorates) during the period 1985-1990.

This level of work force entry, if maintained, could more than meet the need for zero growth, but it will fall considerably
short of the number needed to maintain the annual 1981-1991 growth rate. As noted earlier, however, maintenance of this
growth rate may be an unrealistic objective. Universities are unlikely to increase faculty size dramatically in the near future,
federal spending on biomedical research is not likely to increase in real terms in the near future, and private sector demand
(viz., industry) is not likely to increase rapidly in the near future.

The best predictions for economic activity and R&D funding in the near future suggest that demand for basic biomedical
scientists will grow slowly at best. Under these circumstances, maintenance of the current rate of entry of Ph.D.s in the
biomedical sciences should provide an adequate supply for the years 1996-2001."3 (See Table 3-3).

The NRSA program supports approximately 5,100 predoctoral students each year in the basic biomedical sciences,
although only a fraction complete doctoral degrees in the same year as receiving NRSA support. The number of basic
biomedical degree recipients in any year having had NRSA support is unknown but presumed to be small.!* If current levels
of predoctoral NRSA support are maintained and projected, demand for new Ph.D.s is estimated to be 3,400-3,900 per year
("half the average" growth rate scenario, see Table 3-4), then the NRSA program in the basic biomedical sciences will
contribute to the preparation of doctoral scientists at a rate which future markets will likely absorb.

Priority Fields

Although market conditions suggest that the demand for basic biomedical scientists may grow more slowly than in the
past, we believe that advances in research and continuing requirements to address pressing public health concerns will result
in the demand for basic biomedical scientists with quite specific research skills. This does not imply that we need to step up
production in all areas; rather, the NRSA mechanism provides an opportunity to increase supply in some areas through
relatively small increases in the number of awardees.

There is a continuing need to train young scientists who will have skill and expertise in the well-recognized core
biomedical disciplines (e.g., biochemistry, microbiology, and pharmacology) as well as broadly based individuals capable of
effective interdisciplinary research. Scientists trained in physical and mathematical sciences and engineering and able to
apply knowledge in chemistry, physics, materials science, computational mathematics, and computer science to problems of
significance in basic and clinical biomedical sciences will also be required. Much of the current excitement and rapid
progress in biomedical science lies at the interfaces between genetics, molecular biology, cellular biology, and developmental
biology. The NRSA programs in the basic biomedical sciences appropriately emphasize the kinds of interdisciplinary training
required to carry out effective research at these interfaces and to apply new findings to problems in human biology. However,
it is also necessary to ensure that there is a cadre of scientists who are knowledgeable in fundamental areas of biomedical
science that, for whatever reason, are not at the cutting edge of research at the time. This need, which is perhaps less
immediately obvious, is well illustrated by the periodic emergence of new infectious diseases (e.g., Legionnaires disease and
cryptosporidiosis) and the recrudescence of diseases, such as tuberculosis, caused by antibiotic-and drag-resistant strains.

ENSURING THE DIVERSITY OF HUMAN RESOURCES

Careers in biomedical research remain attractive to women. At present, between 35 and 45 percent of Ph.D.s awarded in
the biomedical sciences have been awarded to women. However, the fraction of women in full-time, independent research
positions is still disproportionately low. Moreover, evidence suggests that women rise to the top ranks in academia and
industry in fewer numbers than men (NRC, 1991 and 1994). Part of the training process should include explicit mentoring to
help women achieve their full career potential.

We need to do much more to increase the number of black and Hispanic students entering research training in the basic
biomedical sciences. Continual efforts to attract these students into the NRSA program must be made. Special programs to
ensure progress through pre-and postdoctoral training should be encouraged. The Minority Access to Research Careers
(MARC) program shows promise as a reliable source of NRSA trainees.

THE NRSA PROGRAM IN THE BASIC BIOMEDICAL SCIENCES

Earlier committees' assessment of the need for basic biomedical scientists and the level of training that should be
provided by the federal government under the NRSA programs depended heavily on its analysis of the academic labor
market, because that was the dominant sector both in terms of the number of bioscientists employed and the amount of
federally sponsored research performed. The number of individuals receiving Ph.D. degrees in the biomedical sciences and
the number holding postdoctoral appointments were taken as indicators of supply. Demand

Copyright © National Academy of Sciences. All rights reserved.
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indicators were undergraduate and graduate enrollment and the availability of funds for R&D, both of which were perceived
to drive the demand for faculty in these fields. Those data, combined with conservative estimates of future trends, were used
to make recommendations about the number of trainees needed.

When the committee first convened in 1975, it quickly discerned an oversupply of researchers in the biomedical sciences
based on trends in academic employment. Although demand for Ph.D. faculty had experienced rapid growth during the
1960s, by the 1970s the number of students was leveling off, federal funding increases were moderating, and the relatively
young faculty members hired during the period of peak expansion were suspected to undergo very little attrition in the near
future. In its second report, the committee recommended cutbacks amounting to 30 percent in the number of predoctoral
fellows supported annually between fiscal year 1975 and fiscal year 1979, from 6,000 to 4,250, and a level of support of
3,200 postdoctoral fellows. These recommendations were based on evidence of reduced growth in the overall demand for
biomedical scientists and continue to affirm the vital role played by the training grant and fellowship programs in training
high-quality researchers.

Subsequent reports in 1978, 1979, and 1981 reiterated these recommended levels and suggested that time was needed to
evaluate the effects of these cutbacks and further developments in the labor market before new recommendations could be
made. By 1981, the committee discerned signs of improvement in the overall job market for biomedical researchers.
Academic employment was expanding slightly, largely because of rising enrollments in the biomedical sciences. R&D
funding was also beginning to rise, and most promising was the rapid increase of employment in the new biotechnology
industry. The committee foresaw continued, strong demand from both small start-up companies and large established
corporations that were entering this business. It also saw good employment prospects in the high-priority fields of
biostatistics, toxicology, and epidemiology. Nonetheless, it expressed concern about the continued growth of the postdoctoral
pool and recommended that the numbers of pre-and postdoctoral awards remain steady at 4,250 and 3,200, respectively.

By 1985 the job market showed clear improvement. For the first time since the reports began, the committee noted a
slowing of postdoctoral buildup. The number of Ph.D.s awarded each year also slowed, and although university faculty
employment still remained stable, demand in the biotechnology and genetic engineering industries was growing sharply, at
more than 9 percent a year. Although the committee did not expect substantial increases in the number of academic positions
in the foreseeable future, it did expect retirements to increase markedly by the mid to late 1990s.

In 1989 the study committee projected that an increasing demand for biomedical scientists would exceed the supply
through the year 2000. The committee recommended that the level of NRSA predoctoral support be increased to 5,200. The
committee also recommended that postdoctoral support be increased gradually as degree production increased.

RECOMMENDATIONS

Total support for the training of basic biomedical scientists increased from just over 9,000 awards in fiscal 1991 to an
estimated 9,630 in fiscal 1993 (Table 3-5). This includes about 630 awards for the undergraduate preparation of minority
scholars. Predoctoral support is offered primarily through institutional training grants (traineeships), although a limited
number of individual fellowships are available. Postdoctoral support in the form of portable fellowships allows eligible
applicants to seek advanced preparation in a wide variety of areas. Postdoctoral training grants have emphasized preparation
in such areas as genetics, clinical pharmacology, trauma and burn research, and anesthesiology. In making its
recommendations in this area, the committee has assumed that the current ratio of predoctoral and postdoctoral support would
remain essentially constant, with the majority of support available at the predoctoral level (primarily in the form of
traineeships).

Predoctoral Training

On the basis of its review of available information describing current and anticipated market conditions and in
consideration of pressing national research needs, the committee strongly endorses the continuation of predoctoral NRSA
training programs in the basic biomedical sciences. Although evaluative data remain incomplete, the evidence indicates that
these predoctoral training programs remain highly effective in fostering the development and sustaining the health of
interdisciplinary graduate programs of benchmark quality, and in catalyzing the entry of highly qualified students into
graduate training.

However, the committee is concerned that the current low level of stipend support, $8,800 per year, will erode the
impact of these programs and their ability to attract the most talented students. We recommend that stipends be increased
incrementally over a 2-3 year period to $12,000 for all predoctoral awardees. We consider the recommended increase in
stipend to be of higher priority than any possible increases in number of trainee slots, and therefore recommend that the
number of predoctoral awards remain at FY 1993 levels during this period. The committee recognizes that these
recommendations are being made in an era of

Copyright © National Academy of Sciences. All rights reserved.
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fiscal constraint. Should additional funds become available for research training in the basic biomedical sciences, the NIH
might wish to consider expanding NRSA support in this area.

TABLE 3-5 Aggregated Numbers of NRSA Supported Trainees and Fellows in Basic Biomedical Sciences for FY 1991
through FY 1993

Fiscal Type of Support

Year Level of Training TOTAL Traineeship Fellowship

1991 Number of awards 9,021 7,199 1,822
Predoctoral 4,593 4313 280
Postdoctoral 3,861 2,319 1,542
MARC Undergraduate 567 567

1992 Number of awards 9,317 7,477 1,840
Predoctoral 4,777 4,487 290
Postdoctoral 3,910 2,360 1,550
MARC Undergraduate 630 630

1993 Number of award 9,633 7,740 1,893
Predoctoral 5,171 4811 3602
Postdoctoral 3,836 2,303 1,533
MARC Undergraduate 626 626

2 Includes minority scholars supported through the National Minority Fellowship Program. See Appendix E.
NOTE: Based on estimates provided by the National Institutes of Health. See Summary Table 1.

RECOMMENDATION: The committee recommends that the number of predoctoral trainees and fellows
supported annually in the basic biomedical sciences be maintained at 1993 levels or approximately 5,175 each year
(Table 3-6).

Postdoctoral Training

Postdoctoral research training sharpens the technical and intellectual skills of the doctoral-level scientist and provides
important (and frequently used) opportunities for cross-disciplinary training as preparation for undertaking a career as an
independent investigator.

The committee is concerned, however, that persistent low-level stipends may discourage qualified applicants from
seeking postdoctoral training through NRSA support. Thus, to permit NIH to introduce further and more realistic changes in
stipend levels at the postdoctoral level, the committee recommends that the number of postdoctoral awards be maintained at
fiscal 1993 levels (Table 3-6). Should, however, additional program funds become available for postdoctoral training in the
basic biomedical sciences, the NIH may also wish to expand support for postdoctoral training.

RECOMMENDATION: The committee recommends that the number of postdoctoral trainees and fellows
supported annually in the basic biomedical sciences be maintained at 1993 levels or 3,835 each year.

Minority Access to Research Careers

Current federal efforts to attract minority group members to careers in the basic biomedical sciences include
undergraduate support through the MARC program. The core of this program is the Honors Undergraduate Program launched
in fiscal 1977 to support college juniors and seniors. In fiscal 1993 approximately 630 individuals received undergraduate
support (see Table 3-5).

As noted in Chapter 9 of this report, NIH recently initiated an 18-month study of the career outcomes of the MARC
program. The committee endorses continuation of funding for this program at current levels to support the training of
individuals in the basic biomedical sciences until the NIH assessment is complete and information is made available to
subsequent NRC study committees.

RECOMMENDATION: The committee recommends that the number of NRSA awards made available through
the MARC undergraduate program for research training in the basic biomedical sciences be maintained at about
630 awards each year.

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3-6 Committee Recommendations for Relative Distribution of Predoctoral and Postdoctoral Traineeship and
Fellowship Awards for Basic Biomedical Sciences for FY 1994 through FY 1999

Fiscal Type of Support
Year Level of Training TOTAL Traineeship Fellowship
1994 9,640 7,745 1,895
Prodoctoral 5,175 4,815 360
Postdoctoral 3,835 2,300 1,535
MARC Undergraduate 630 630 -
1995 Recommended number of awards 9,640 7,745 1,895
Predoctoral 5,175 4815 360
Postdoctoral 3,835 2,300 1,535
MARC Undergraduate 630 630 -
1996 Recommended number of awards 9,640 7,745 1,895
Predoctoral 5,175 4815 360
Postdoctoral 3,835 2,300 1,535
MARC Undergraduate 630 630 -
1997 Recommended number of awards 9,640 7,745 1,895
Predoctoral 5,175 4815 360
Postdoctoral 3,835 2,300 1,535
MARC Undergraduate 630 630 -
1998 Recommended number of awards 9,640 7,745 1,895
Predoctoral 5,175 4815 360
Postdoctoral 3,835 2,300 1,535
MARC Undergraduate 630 630 -
1999 Recommended number of awards 9,640 7,745 1,895
Predoctoral 5,175 4815 360
Postdoctoral 3,835 2,300 1,535
MARC Undergraduate 630 630 -
NOTES

1. The slowdown in the rate of growth between 1989 and 1991 was accompanied by an absolute decline in academia. In part,
this may reflect methodological changes that occurred in the Survey at that time. However, it may also reflect a weakening in
demand, particularly in the academic sector.

2. Includes both citizens and noncitizens, where citizens includes both native-born and naturalized citizens.

3. Special run, Survey of Doctoral Recipients (SDR). SDR is a biennial survey of a sample of scientists and engineers
conducted by the NRC behalf of the federal government.

4. Special run, SDR. A number of authors have also observed that women are generally underrepresented in tenure-track
faculty positions relative to the numbers among doctoral recipients (NRC, 1981; Zuckerman et al., 1992).

5. The Doctorate Records File is a compilation of responses to the Survey of Earned Doctorates, which has been conducted
each year since 1958 by the NRC's Office of Scientific and Engineering Personnel and its predecessor organizations.
Questionnaires, distributed with the cooperation of the graduate deans of U.S. universities, are filled in by graduates as they
complete requirements for their doctoral degrees. The doctorates are reported by academic year and include research and
applied-research doctorates in all fields. See Ries and Thurgood, 1993.

6. Much more work is needed to document fully the impact of foreign participation on the U.S. science and technology work
force. Owing to the nature of many of our data sources, we are unable to determine at this time how many non-U.S. citizens
who earn doctoral degrees in this country remain in the U.S. and we know very little about the careers and research
contributions of non-U.S. citizens to the U.S. research effort regardless of the origin of their doctoral degrees.

Copyright © National Academy of Sciences. All rights reserved.
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7. The Panel on Estimation Procedures considered numerous "short run" indicators such as wage adjustments for young
workers relative to older workers, relative tenure-earning ratios, and job openings. However, owing to limitations of time and
resources, the Panel and Committee restricted these analyses to more readily available information.

8. The postdoctoral appointment has become an essential component of advanced training in most subfields of the basic
biomedical sciences. Past studies by the National Research Council (Garrison and Brown, 1984, for example) have suggested
that individuals with postdoctoral training enter more productive research careers than those individuals without postdoctoral
training. See Appendix A of this report for a brief summary of the career outcomes studies of NRSA postdoctoral appointees.
Nonetheless, the expansion of postdoctoral appointments in the basic biomedical sciences has been identified by some
researchers as an indicator of job shortages in some component fields (Coggeshall, et al., 1978; NRC, 1981).

9. An alternative interpretation of this finding is that the relative supply of biomedical scientists increased faster than that of
other scientists and engineers. The decline in starting wages would thus result from an increase in relative demand.

10. The flows are generated from multistate life tables. These tables are based on matrices of age-specific transition rates
estimated from the Survey of Doctoral Recipients historical data. These rates are assumed to remain constant over time. For a
more detailed description of the methodology, see Appendix G. This analysis will be reviewed closely by the Panel on
Estimation Procedures along with other approaches to the estimation of national needs relative to human resource training
and policies.

11. Recall that in developing these estimates, it is assumed that age-specific separation rates remain stable. There is, however,
evidence of a strong positive relationship between these rates and age (NRC, 1989). Given this relationship, the upward trend
in the numbers may also be reflecting the expected aging of this population.

12. SDR. See note 3.

13. The estimate is presented as a minimum value because these job openings could also be filled by recruiting workers with
degrees and training in closely related fields or workers from abroad.

14. On the basis of information gathered from the National Science Foundation the committee estimates that less than 15
percent of graduate students in the life sciences received NRSA support in FY 1990.
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Chapter Four

Behavioral Sciences Personnel

The United States leads the world in behavioral research, and there is now increasing recognition, especially among
policymakers, that the solution to many of the worst problems facing the country are primarily behavioral in character. The
behavioral sciences' yield knowledge to deal with many of these problems.

Behavior ranges from individual skills (for example, the lack of self-control implicated in violent behavior) to cognitive
mediators of risky behavior (e.g., an individual's perceptions of invulnerability relative to risk-taking behaviors that affect
health) to community-level phenomena (e.g., an individual's belief in the legitimacy of medical prescriptions derived from
beliefs shared with a group). Every area of major health risk in this country can be informed by behavioral science research.
Moreover, in some areas of great risk—such as child abuse, substance abuse and crime, and acquired immune deficiency
syndrome (AIDS)—large scale behavioral programs are being developed, and advances in demographic and population
studies have enhanced our understanding of "longevity".

Since issuing its first report on the National Research Service Awards (NRSA) program in 1975, the National Research
Council (NRC) has strongly endorsed the continuation of support for research training in the behavioral sciences through the
NRSA program. This occurred in recognition of the inclusion of the Alcohol, Drug Abuse, and Mental Health Administration
(ADAMHA) in the restructured research training authority (P.L. 93-348). The behavioral sciences also received attention
because of their critical role in exploring the underlying processes of normal human development and aging; for their role in
outlining the causes, etiology, and treatment of diseases involving neurological and sensory processing; and for their role in
prevention research. In October 1992 the research components of the three former institutes of ADAMHA joined the National
Institutes of Health (NIH) signaling an historic shift (Goodwin, 1993) in the nation's view of the subtle interactions between
changes in behavior and health and dysfunction.

Recommended levels of support in the behavioral sciences have been predicated on the belief that NRSA awards
leverage the production of small numbers of highly skilled workers whose research is conducted in the national interest.
Indeed, follow-up studies have found most former NRSA awardees actively engaged in research (see Appendix A).

The number of degree recipients having had NRSA support remains low and, therefore, does not drive the supply of
behavioral science doctorates. Nonetheless, the committee this year has paid particular attention to the market for behavioral
scientists for reasons related to the health of the overall behavioral research enterprise. As noted in previous chapters (2 and
3), the committee has replaced earlier committees' analyses of supply-and-demand models with the use of new techniques
which involve multistate life table analysis of future supply and a separate assessment of short-term indicators of current and
past market conditions.

The committee was gratified to learn, for example, that despite severe funding cuts in the early 1980s, behavioral
scientists continue to find productive employment although overall Ph.D. production in these areas has slowed somewhat in
recent years. Based on this information, and information gathered from a variety of other sources, we conclude that the
demand for behavioral science personnel will grow slowly as a whole but that the few behavioral scientists receiving NRSA
support can expect to enter into productive employment upon completion of their doctoral or postdoctoral studies.

While these analyses provide an important backdrop against which the committee' s judgment about future needs

Copyright © National Academy of Sciences. All rights reserved.
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for behavioral research personnel can be assessed, they represent but one of the several dimensions of "needs." Cognizant of
the important advances in behavioral research that promise to enhance the health and well-being of all citizens and confident
that NRSA awardees will have the opportunity to contribute to the national health effort, the committee has concluded that
the present modest program of NRSA support in the behavioral sciences should essentially double in the next few years.
However, because of our concern with current low levels of stipend support, we have adjusted our goals to permit immediate
expansion of training stipends throughout the NRSA program. We believe, however, that the national call for skilled
behavioral science investigators should be answered swiftly and strongly through an increase in training support in this area.

ADVANCES IN RESEARCH IN THE BEHAVIORAL SCIENCES

The knowledge base in the behavioral sciences has reached the point where effective utilization of its findings by
physicians, clinical psychologists, nurses, and social workers can have a very significant impact on health-related problems in
our society. Advances in basic research in behavioral science dovetail well with national needs.

This is a most exciting and intellectually stimulating time in behavioral science. Work on both basic and applied
problems—and work done at many levels of analysis, from brain-behavior relations to the study of disease processes in
human populations—is making great progress. We cite three examples in more detail to illustrate the intellectual excitement
in the field.

Health and Behavior

Much of the social and behavioral research supported by the National Institutes of Health represents research on "health
and behavior". Current estimates place NIH support for research in this area at about 8 percent of total NIH R&D support
(COSSA, 1994). The "NIH Implementation Plan for Health and Behavior Research" (NIH, 1993) outlines, furthermore, what
the Institutes and Centers consider to be optimal spending levels in this area during the next 5 to 10 years.

Expanded support for research on health and behavior reflects an increasing recognition by the health research
community that social and psychological factors play a significant role in the natural history of disease, prevention of
disability and illness, and promotion of recovery. As the Director of NIH stated in a 1991 report on the same subject (NIH,
1991):

Our research is teaching us that many common diseases can be prevented, and others can be postponed or well-
controlled, simply by making positive life style changes. For these reasons, intensifying such research and
encouraging all Americans to make health-enhancing behaviors a part of their daily lives has taken on more and
more importance in our efforts to conquer disease.

The domain of research on health and behavior is broad and the enormity of its knowledge base is daunting, but as Adler
and Matthews (1994) suggest, many of the concepts in recent years pertain to three essential questions:

1. Who becomes sick and why?
2. Among the sick, who recovers and why?
How can illness be prevented or recovery promoted?

To facilitate the answers to these and other related questions, the NIH Reauthorization Act of 1993 established the
Office of Behavioral and Social Sciences Research and called for a report to the U.S. Congress on the extent to which the
Institutes of Health conduct and support research in the component disciplines. Because the Office is still being organized
within the National Institutes of Health, Howard Silver and the staff of the Consortium of Social Science Associations
(COSSA) recently prepared a detailed, although preliminary, summary illustrating NIH funding priorities in the area of health
and behavior. For example, the COSSA summary notes that the National Heart, Lung, and Blood Institute (NHLBI) supports
a variety of activities—primarily through the Behavioral Medicine Branch—on disease prevention, etiology, diagnosis and
treatment of cardiovascular diseases. The National Institute of Allergy and Infectious Diseases (NIAID), which is concerned
increasingly with the transmission of AIDS, supports only a modest amount of social and behavioral research but has
expressed interest in psychosocial factors affecting medical treatment of compliance. The National Institute of Environmental
Health Sciences, to give another example, supports research on the effects of environmental agents on human health and well-
being with particular attention to behavioral and neurological effects of exposure to toxic substances.

Variables that have been explored by research scientists over the years can be categorized in any number of ways, but
include research on factors that arise from the social environment which contribute to disease. Such factors include: stress
(Cox and Gonder-Frederick, 1992; Beardsley and Goldstein, 1993) or social isolation/social connectedness (Cohen, 1988;
Reynolds and Kaplan, 1990). Individual dispositional factors are also thought to contribute to disease onset and recovery,
such as: hostility/Type A personality (Siegrist et al, 1990; Matthews et al, 1992); depression/ exhaustion (Hahn and Petitti,
1988; Markovitz et al, 1991); neuroticism and negative affect (Costa and McCrae, 1987; Salovey and Birnbaum, 1989); and
optimism/self-esteem (Schreier and Carver, 1992; Brown and McGill, 1989).
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Advances in research on health and behavior often emerge from multidisciplinary studies involving social, behavioral
and biomedical scientists including clinicians. As federal funding priorities increasingly emphasize research in this area, we
can anticipate that new research training opportunities will emerge, perhaps requiring consideration of new research training
arrangements which emphasize cross-disciplinary connections.

Learning and Memory

Memory is dissociated into processes or systems that are fundamentally different. For example, amnesic patients with
brain injury or disease exhibit severe inabilities to recall and recognize recent events and have difficulty learning new facts.
However, these patients possess some relatively intact learning and memory on tasks such as manual-dexterity learning,
which they perform as well as do healthy and uninjured people, even though they may have no conscious memory of having
performed the task before. This evidence—that some kinds of learning can proceed normally even when the brain structures
that mediate conscious remembering are damaged—supports the general proposition that there are distinct, dissociated types
of memory.

Memory is an active process of seeking and reconstructing information, not a passive recording and reproducing of
events. Thus, expectations of what things should look like or the way events should happen influence what people notice and
remember. For example, after listening to a story presented in jumbled order, people still tend to remember it as being told in
proper sequence, following certain widely accepted scenarios for what constitutes a story. People also tend to pay little
attention to the details of routine situations. Consequently, people often remember that the most probable things happened
even when they did not. This phenomenon has been demonstrated in the context of eye-witness court testimony. Memory of
an event can be modified or distorted by how questions about the event are posed. Such experimental findings have important
theoretical implications for understanding the formal structure of memory and they have practical implications for legal
proceedings.

Recent progress in the broad field concerned with brain substrates of learning and memory (behavioral and cognitive
neuroscience) has been impressive. The essential circuits and probable loci of memory traces have been largely identified and
mechanisms are being characterized for several invertebrates (e.g., Clark and Schuman 1992; Kandel, 1976); for learned fear
in mammals, including both behavioral and autonomic measures (amygdala) (Hitchcock and Davis, 1986; McGaugh, 1989);
and for classical conditioning of discrete behavioral responses (skilled movements) in mammals, including humans
(cerebellum) (Daum et al., 1993; Thompson, 1986). Progress is rapid in determining the role of the hippocampus and
associated cortical areas in contextual-spatial and declarative memory (Meuner et al., 1993; O'Keefe and Nadel, 1978; Squire,
1992).

A particularly important application of this basic research is in aging and Alzheimer's disease. The procedural memory
system concerned with motor skill learning declines with normal aging, with concomitant loss of neurons in the cerebellum.
Declarative or experiential memory shows only a modest decline in normal aging but a dramatic and profound impairment in
Alzheimer's disease. The brain substrates of this declarative memory system (hippocampus and associated cortical areas) are
particularly vulnerable and show progressive and profound deterioration in the disease. Thanks to the well-developed fields
of learning and memory and abilities testing, we now have very sensitive diagnostic tools to identify the earliest stages of
putative Alzheimer's and other dementias.

Early childhood is a period rich in experience in which young children are capable of acquiring, registering, and
recalling events and episodes as well as recognizing places and people. They can also vividly react to impressions, manifest
pain and pleasure, and express love, jealousy, and other passions. It is thus astonishing that this period is usually lost to
memory entirely except for a few fragments. Recent work in developmental-cognitive psychology and cognitive neuroscience
suggests that infantile amnesia is not due to repression, as Freud hypothesized but rather occurs because of the length of time
necessary to develop the requisite cognitive skills and the concomitant developmental schedule of the brain substrate of
declarative (experiential) memory. The hippocampal and cortical memory system is not fully mature until about the age of 3
(Bachevalier, 1991). These data raise serious questions concerning the current rash of therapy-and hypnosis-related instances
of patient accusations of infantile assault, based on presumed recovery of infantile memories (for example, Time Magazine,
November 1993). Over and above the issue of suggestibility is the well-documented evidence that the original memory of an
experience can be modified substantially long after the fact by how questions about the experience are phrased (Loftus and
Loftus, 1976).

Signal Detection and Medical Imaging

Signal-detection theory is an outgrowth of behavioral science, first noted in the field of hearing. A fundamental problem
in hearing is how to detect the presence of a signal in noise. Two extreme listener strategies are to respond positively with
great uncertainty, leading to many false positive responses, and to respond positively only with great certainty, leading to
many false-negative responses. In a brilliant mathematical and behavioral analysis, Swets,
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Green, and many other behavioral scientists developed a comprehensive theory of signal detection that makes it possible to
establish probability levels of these two types of errors and to manipulate them by establishment of criterion levels of
judgment (see, Green and Swets, 1966).

The practical applications growing from this basic research have gone beyond sensory problems. Modem electronic and
computer technologies for image enhancement have wide applications today, ranging from enhancement of space-probe
images to brain imaging to computer-reading of X-ray films. Computational techniques combined with various medical
imaging procedures are making it possible to see specific organs and internal body parts volumetrically and in ever-
increasing detail. Computer-based imaging techniques include computed axial tomography, nuclear magnetic resonance
imaging, positron emission tomography, and digital subtraction angiography. Some techniques, by assigning different
degrees of transparency to different layers of bones and tissue, let the observer not only see them but look through them and
see what lies within or behind them (Fitzgerald, 1989).

Signal-detection theory has addressed the diagnostic power and cost effectiveness of these imaging techniques, relative
to more conventional and less expensive X-ray technology (Swets, 1979 and 1988; Swets and Pickett, 1982; Metz, 1986). As
medical imaging technology continues to develop, the need for studies evaluating the effectiveness of specific instruments
and procedures will increase. This is so especially in view of the considerable cost of the equipment involved and because
diagnostic images produced will not always be interpreted by image interpreting specialists but by physicians who view
certain types of images only occasionally. There is a need also for the development and evaluation of procedures (including
computer-aided procedures) to help clinicians, especially those with limited experience in image interpretation, to extract
from medical images the diagnostically relevant information they contain (Getty et al., 1988; Swets et al., 1991).

Another example of current practical application is the cochlear implant. This application, like many from behavioral
science, is interdisciplinary in that it involves neuroscience, otology, physics, engineering, and behavioral science,
specifically the psychophysics of hearing and methods of training.

Signal-detection theory is one aspect of the broader field of decision theory, a set of well-developed methods to evaluate
decision-making in situations where uncertainty is inherent. These methods have been applied, with considerable success, in
a variety of medically related situations and have proved to be extremely helpful in improving training procedures that both
accelerate training and increase the overall quality of medical diagnosis (Luce et al., 1989). A dramatic illustration of such an
effect is given by McNeil et al. (1982), who asked people to imagine that they had lung cancer and had to choose between
two therapies: surgery or radiation. Each therapy was described in some detail. Then, some subjects were presented with the
cumulative probabilities of surviving for various lengths of time after each type of treatment. Other subjects received the
same cumulative probabilities expressed in terms of dying rather than surviving (e.g., instead of being told that 68 percent of
those having surgery will have survived after 1 year, they were told that 32 percent will have died). Framing the statistics in
terms of dying dropped the overall percentage of subjects choosing radiation therapy over surgery from 44 percent to 18
percent. Of the three groups of subjects used in the study—patients, students, and physicians—this effect was found to be the
strongest among physicians.

ASSESSMENT OF THE CURRENT MARKET FOR BEHAVIORAL SCIENTISTS

The labor market for researchers in the behavioral sciences was robust in the 1980s. The behavioral sciences work force
increased by 35 percent between 1981 and 1991, climbing from approximately 49,000 to nearly 67,000 (Figure 4-1).2
However, over half of this growth was accounted for by clinical psychologists, who are less involved in research and
development (R&D) than are their nonclinical counterparts (Pion, 1993).3 Although psychologists have been fully employed
and utilizing their research skills in recent years, there has been a shift in employment prospects from nonclinical to clinical
fields.

Accompanying this growth were notable changes in the composition and employment distribution of these workers.
Among these changes were the growing prominence of women and members of racial and ethnic minority groups and the
increasing importance of the nonacademic sectors in providing employment opportunities. The latter change

Musribéd in Work Force
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1987 1383 1985 1987 1389 13N

Figure 4-1 U.S. behavioral science employment, 1981-1991. See Appendix Table F-13.
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reflects in part the rapid employment growth of clinical psychologists, who are primarily employed in nonacademic positions.

Women have been becoming an increasingly important component of the labor market for behavioral scientists. Nearly
40 percent of this work force was female in 1991 compared with 27 percent in 1981 (Figure 4-2). The females tend to be
concentrated in the younger age groups. About two-fifths of the female behavioral scientists were younger than 40 in 1991
compared with, at most, one-fourth of the comparable males.*

The U.S. work force has become more racially diverse over the years and the behavioral science work force also reflects
these changes. In 1991 nearly 8 percent of employed behavioral science Ph.D.s represented individuals from a racial minority
group (Table 4-1). In 1979 minorities represented about 4 percent of these Ph.D.s. Most of the growth occurred for blacks.
The progress in ethnic diversity is less dramatic. In 1991 Hispanics represented about 2 percent of the behavioral scientists. In
1979 the comparable statistic was roughly 1 percent.

&0 5
¥ -
300

1880 1881

Figure 4-2 Fraction of the U.S. behavioral science work force who are women, 1981 and 1991. See
Appendix Table F-13.

The behavioral work force is aging. The median age of behavioral scientists has increased from almost 40 in 1981

TABLE 4-1 Racial/Ethnic Composition of Employed Behavioral Science Ph.D.s: 1981 and 1991

1981 1991

Number Percent Number Percent
Race
TOTAL 55,821 100.0 88,340 100.0
White 53,506 95.9 83,533 94.6
Black 1,102 2.0 2,590 2.9
Asian/Pacific Islander 1,013 1.8 1,924 2.2
Other (Incl. Native American) 200 0.4 293 0.3
Ethnicity
TOTAL 54,742 100.00 87,686 100.0
Hispanic 859 1.6 1,931 22
Non-Hispanic 53,883 98.4 85,755 97.8

2 For those who responded in 1981. Race nonresponse was 222 in 1981 and ethnic nonresponse was 1,301.

b For those who responded in 1991. Race nonresponse was 229 in 1991 and ethnic nonresponse was 883.

NOTE: Employed behavioral science Ph.D.s are those with a behavioral science Ph.D. in behavioral science fields, regardless of
employment field. Estimates are subject to sampling error. Comparisons between 1991 estimates and those of earlier years should be
made with caution due to changes in survey methodology. Prior to 1991, the SDR collected data by mail methods only. In 1991, the
survey had both a mail component and a telephone follow-up component. In this table, 1991 estimtes are based on "mail-only" data to
maintain greater comparability with earlier years. Totals may not add up to 100 due to rounding.

Source: NRC, Survey of Doctorate Recipients. (Biennial)
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to a little over 43 in 1991 (Figure 4-3). In part, this reflects trends in degree production. The number of degrees awarded in
the behavioral sciences actually fell for a period of time and showed no strong trend in the latter part of the decade.
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Figure 4-3 Median age of the U.S. behavioral science work force by gender, 1981-1991. See Appendix Table F-13.

Over 95 percent of employed behavioral science Ph.D.s were U.S. citizens in 1991, unchanged from comparable
numbers for 1981 (Figure 4-4). Almost all U.S. citizens in the behavioral sciences were native born, rather than naturalized
(94 percent). On the basis of these data, we can conclude that immigration is not as important a source of supply to the
behavioral sciences as it is to other fields, particularly the mathematical and physical sciences and engineering. The
comparable 1991 numbers for all science and engineering fields were 93 percent for U.S. citizens and 83 percent for native-
born citizens.?

Postdoctoral appointments are less important in the labor market for behavioral scientists than for biomedical scientists.
Fewer than 1 percent of the behavioral science work force were employed in postdoctoral positions (in contrast to 7 percent
in the biéomedical sciences). Proportionately more women than men held postdoctoral appointments (1 percent vs. 0.4
percent).
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Figure 4-4 Citizenship status of employed behavioral science Ph.D.s, 1981-1991. See Appendix Table F-14.

The academic sector has not been as important as a source of employment for behavioral scientists in recent years as it
has been for most other science fields. And it is becoming even less important. Most behavioral scientists were employed in
settings outside the academic sector, with strong representation in industry and in hospitals and clinics.” As noted earlier, this
reflects in part the inclusion of clinical psychologists in these statistics. Figure 4-5 details the trends. In 1981 roughly 55
percent of the behavioral scientists were employed in the academic sector. By 1991 this percentage had fallen to 42 percent.
The shift from the academic sector was almost entirely absorbed by the industrial and clinical sectors, which rose from 19
percent in 1981 to 32 percent in 1991.
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Figure 4-5 Employment sector of the U.S. behavioral science work force, 1981-1991. See Appendix Table F-15.

Degree Production and Career Patterns

There are many sources of talent available to the market for behavioral sciences, and they operate in rather complex
ways. The distinctive role of clinical psychologists further complicates interpretation of labor market data. The major source
of new behavioral science talent has traditionally been our nation's university system, but some jobs in this

Copyright © National Academy of Sciences. All rights reserved.
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market are filled by workers with degrees in closely related fields or in special Ph.D. programs of research in social work,
nursing, and health services. Unlike the biomedical labor market, however, immigration does not appear to be a major
supplier of talent.

Degree Production

The most readily available source of information describes degree production from U.S. universities, and the committee
summarizes this information below. In contrast to the trends observed for the biomedical sciences, the data reveal a
significant downward trend in degree production. The annual number of degrees produced in the behavioral sciences fell
between 1981 and 1989, rose between 1989 and 1991, and declined slightly between 1991 and 1992. The net result was that
degree production declined by about 12 percent (from 4,149 to 3,647) between 1981 and 1992 (Figure 4-6). This downward
trend in degree production starkly contrasts with the increases experienced during this period by the biomedical sciences and
by all fields of science and engineering.®
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Figure 4-6 Behavioral science Ph.D. production, 1981-1992.
Note: Data limited to U.S. citizens and permanent residents.
See Appendix Table F-16.

Significant progress has been made in achieving gender diversity, and the behavioral sciences have been in the forefront
of this movement. Women have represented more than half of this degree production since 1984 (Figure 4-7). The share of
degrees granted to women increased from 44.2 percent to 58.7 percent between 1981 and 1992. Although total degree
production in the behavioral sciences remained essentially unchanged during this period, the number of degrees granted to
women rose 17 percent, from roughly 1,832 to about 2,142.

Less progress has been made with respect to race and ethnic diversity, however. Whites constituted about 90 percent of
degree production in 1981-1992 (Table 4-2). There were small increases in the shares awarded to Asians and Hispanics. The
black share remained virtually unchanged.
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Figure 4-7 Fraction of behavioral science Ph.D. degrees earned each year by women, 1981-1992. NOTE: Data
limited to U.S. citizens and permanent residents. See Appendix Table F-16.

TABLE 4-2 Behavioral Ph.D. Production Over Time, by Race and Ethnicity
1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992

Total N 4022 3765 3896 3743 3586 3572 3477 3383 3353 3610 3681 3594
White % 920 91.3 91.5 90.9 90.9 90.6 90.2 90.1 89.7 89.2 88.5 89.1
Black 3.9 4.2 3.8 4.3 4.1 4.0 34 3.9 4.1 4.0 4.6 3.9
Hispanic 2.3 2.6 2.9 2.9 2.9 33 3.5 3.6 3.7 1.4 4.2 4.0
Asian 1.6 1.4 1.5 1.6 1.8 1.7 2.3 2.0 2.2 2.1 2.3 2.4
Native 0.3 0.5 0.3 0.2 0.4 0.4 0.5 0.4 0.4 0.6 0.4 0.6
American

NOTE: Cases with missing data are excluded. Data limited to U.S. citizens and permanent residents.
Source: NRC, Survey of Earned Doctorates. (Annual)

Copyright © National Academy of Sciences. All rights reserved.
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Unlike biomedical degree recipients, very few new doctorates are not U.S. citizens and there is no strong trend
suggesting that this situation is changing. Roughly 94 percent of all new doctorates in the behavioral sciences were U.S.
citizens in 1981. This figure had fallen to approximately 89 percent in 1992. As noted earlier, these statistics do not imply any
large changes in the future composition of the behavioral science work force with respect to citizenship status (Figure 4-8).

Career Patterns

Given the objective of the NRSA awards—to produce research scientists—it is useful to have some notion of the
number of years over the course of a career that these scientists remain engaged in R&D. The effectiveness of the program
will vary with this number. As noted in Chapter 3, the Survey of Doctoral Recipients—a longitudinal survey that tracks
doctorates in the sciences, engineering and humanities biennially—provides useful information on employment patterns,
including postdoctoral work. This survey has the potential for illuminating career patterns of behavioral scientists. Thus, the
Panel on Estimation Procedures will examine more closely the feasibility of estimating such patterns.

oy —— S——— .
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Figure 4-8 Fraction of behavioral science Ph.D. degrees earned each year by U.S. citizens, 1981-1992. See
Appendix Table F-17.

Market Conditions

This section presents selected indicators of short-term market conditions, which include unemployment and
underemployment rates, postgraduation commitments of new doctorates, and relative salaries.’

Unemployment and Underemployment

As noted in Chapter 3, the most commonly used short-term indicator of labor market conditions is the unemployment
rate. It is not as meaningful as an indicator of these conditions for highly skilled workers, however. Because such workers are
usually able to find jobs—even in times of weak demand—the issue is not whether the worker has a job, but whether the job
is fully utilizing his or her skills. For this reason, the committee has also compiled information on underemployment: i.e.,
workers who are working part time but would prefer full-time jobs and workers who have jobs that are outside of science and
engineering and who indicate they took these jobs because they could not find work in science and engineering.

WHEN WERR G877 MW EE B0 SEER GRET Ve OBE
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Figure 4-9 Unemployment rates for behavioral and physical sciences Ph.D.s, 1973-1991. See Appendix Table F-18.

Figure 4-9 summarizes the unemployment rates. Given the recent publicity about the weak state of demand in the
physical sciences, comparable rates for physical scientists are also included so that the reader can assess conditions in
behavioral science labor markets relative to those in the physical sciences.

Rates of unemployment have generally been in the range of 1 percent, with little variability. The rate of
underemployment is also relatively low (Figure 4-10).

e e o Pvnia e

Figure 4-10 Underemployment rates for behavioral and physical sciences Ph.D.s, 1973-1991. See
Appendix Table F-19.
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Postgraduation Commitments

Postgraduation plans of new doctorates may also reflect market conditions. In particular, the percentage of new Ph.D.s
who indicate that they have definite commitments at the time they are completing their requirements for the degree can
reflect the strength of demand. When demand is weak, this percentage will fall; when demand is strong, this percentage will
rise.

Figure 4-11 summarizes these plans for 1975-1992. To provide a comparative base, similar information is provided for
degree recipients in the physical sciences, a field thought to be suffering currently from weak demand. The data reveal a
declining trend in the percentage of new behavioral science graduates who report definite employment or postdoctorate
commitments when they receive their degrees. In contrast the physical sciences display an upward trend for 1975-1981 and a
slow decline beginning in 1981 that becomes more pronounced from 1989 to 1992 than the decline for behavioral sciences.
These data suggest that the market was relatively stronger for behavioral scientists in the early part of this period but
deteriorated and became relatively weak in more recent times.
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Figure 4-11 Fraction of new behavioral and physical sciences Ph.D.s with definite commitments, 1975-1992. See
Appendix Table F-20.

Starting Salaries

Salaries are also considered to be a valid indicator of market conditions. The commonly accepted economic analysis of
labor markets postulates a positive relationship between relative salaries and relative demand. This relationship is expected to
be strongest at the entry point of a career, which typically occurs at around age 30 for behavioral scientists. Median salaries
of employed behavioral science doctorates, age 30-34, who currently hold full-time positions (excluding postdoctoral
positions) relative to comparable salaries of all employed science and engineering doctorates, age 30-34, are presented in
Figure 4-12.1° Since 1983 these salaries have been declining relative to those of comparable scientists and engineers in all
fields. This supports the hypothesis that the relative demand for behavioral scientists has been declining. However, the
behavioral sciences represent a heterogeneous collation of disciplines with quite diverse employment paths. Clinical
psychologists, for example, have increased their numbers and typically pursue career paths in sectors other than academia.'!
Also, social scientists have for many years found research opportunities in business and industry, including self-employment.
As a result of these differences in employment opportunities, starting salaries are likely to be influenced by "compositional"
effects. Thus, these data must be interpreted with some caution.
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Figure 4-12 Salaries of behavioral science Ph.D.s (ages 30-34) who currently hold full-time employment positions
(excluding postdoctoral positions) as a percentage of comparable salaries for all scientists and engineers,
1973-1991. See Appendix Table F-21.

OUTLOOK FOR BEHAVIORAL SCIENTISTS

A major goal of this committee is to estimate future needs for behavioral scientists. As noted earlier in this report, need
can be defined in a variety of ways. In the context of the labor market, need has often been expressed in terms of job openings
that must be filled to attain a particular employment objective. Selection of the specific employment objective to be reached
is a policy decision usually made on normative grounds. Some job openings arise from deaths, retirements, and other forms
of separation from the behavioral science work force. Other job openings are generated by growth in employment
opportunities. All of these job openings may be filled by recruitment from many talent pools: new doctorates, experienced
doctorates from other work forces or from outside the labor market (including doctorates from abroad), nondoctorates, etc.
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Given this broad context, the committee examines future employment conditions in an effort to estimate need
(approximated by job openings) and our ability to meet this need (measured by new Ph.D.'s entering the behavioral sciences
workforce). Because job openings can be filled by recruitment from a variety of talent pools, the reader is cautioned that the
committee's indicator of our ability to meet this need represents a lower-bound estimate of this ability.

Table 4-3 shows the future number of job openings in behavioral sciences to be filled under alternative scenarios about
employment growth. Three scenarios are examined: zero growth; 3.0 percent per year (the 1981-1991 compound growth rate
for the behavioral science work force); and 1.5 percent per year (one-half the 1981-1991 compound rate). As noted in
Chapter 3, the method used to generate these estimates is a variant of demographic cohort-survival models. It generates flows
of workers into and out of this work force and among the various employment states within this work force. On the basis of
these flows, it generates estimates of changes in the size and composition of this work force.!? There are, of course, many
ways to do multistate life table analysis. The data presented below should be viewed as preliminary work by the committee,
which will be explored further by the Panel on Estimation Procedures in the coming months.

Average annual estimates are developed for three time periods: 1996-1997, 1998-1999, and 2000-2001. The estimates
are quite sensitive to the growth rate assumption, varying from 1,404-1,512 for zero growth to 3,937-4,422 for 3.0 percent per
year growth. The range is substantially narrower for a given growth rate scenario. The modest increases observed over time
for a given rate of growth reflect the widely anticipated increases in deaths and retirements in the late 1990s as this work
force ages. llslxcept for the zero-growth scenario, these increases also reflect the expected overall growth in the behavioral
work force.'-

For comparison, Table 4-4 shows the number of new behavioral Ph.D.s entering the behavioral work force in previous
years, estimated from the longitudinal SDR (a sample survey). Note that these numbers represent only a fraction of the degree
production that occurred in these fields, because a significant number of new graduates found employment in other fields or
delayed entry into the work force. An estimated 73 percent of the behavioral Ph.D.s entered this work force during the period
1985-1990.

This level of work force entry, if maintained, could more than meet the need for zero growth, but it will fall considerably
short of the number needed to maintain recent growth rates.'# It can be argued that maintenance of these recent growth rates
for behavioral scientists is an unrealistic scenario. In the near future, universities are unlikely to increase faculty size
dramatically, federal spending on behavioral research is not likely to increase in real terms, and private sector demand (viz.,
industry) is not likely to increase rapidly.

The best predictions for economic activity and R&D funding in the near future suggest that demand for behavioral
scientists will grow slowly at best. Under these circumstances, maintenance of the current rate of entry of Ph.D.s in the
behavioral sciences should provide an adequate supply for the years 1996-2001.

The NRSA program provides predoctoral support for nearly 600 individuals in the behavioral sciences, although only a
fraction complete doctoral degrees in the same year

TABLE 4-3 Committee Estimates of the Average Annual Number of Job Openings Needed to Sustain Various Growth
Rates of the Behavioral Science Work Forcea,b

Zero Growth Rate Scenario ~ Half the Average Growth Rate Scenario®  Average Growth Rate Scenario?

Year Numbers Needed Numbers Needed Numbers Needed
1996-1997 1404 2592 3937
1998-1999 1441 2626 4076
2000-2001 1512 2780 4422

2 Behavioral science work force consists of those employed or on postdoctoral appointments in a behavioral field. Data derived from the
NRC Survey of Doctorate Recipients, a sample survey.

b Based on multistate life table methods. See Appendix G for methodology.

¢ Half the average referred to in footnote d or 1.5 percent.

d Refers to behavioral work force's average annual compound growth rate over the past decade or 3.0 percent (3.5 percent,
uncompounded).
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as receiving NASA support. The number of behavioral degree recipients in any year having had NASA support is unknown
but presumed small.'> Even if current levels of predoctoral NASA support are maintained, then the NASA program will most
likely produce behavioral scientists at a rate which future markets will absorb.

TABLE 4-4 Estimated Number of New Behavioral Ph.D.s Entering the Behavioral Work Force in Selected Years.

Year Number?
1985-1986 2932
1987-1988 2797
1989-1990 2973

2 Annual averages.
NOTE: The Survey of Doctoral Recipients is a sample survey and subject to sampling error.
Source: NRC, Survey of Doctoral Recipients. (Biennial)

Relationship Between Market Outlook and the Need for Behavioral Research Personnel

The preceding analysis provides background information with which we can anticipate the experiences of behavioral
scientists who will join the U.S. labor force in the coming years. NASA support although important in the behavioral sciences
represents, however, a small source of research training support for new Ph.D.s in this area. Because NASA is such a small
source of support, its effect on the aggregate supply of behavioral scientists will be small. Thus, the justification for the
NASA program in behavioral sciences must be based heavily on need factors other than those generated by aggregate market
conditions.

In this report, we have taken an important first step in adopting a new strategy for understanding aggregate changes in
the market for behavioral scientists. We have concluded that, in the aggregate, behavioral scientists are experiencing only
modest employment problems. From our global analysis of need associated with the growth in the national research agenda,
we expect that NASA award recipients in the behavioral sciences will continue to find employment. Further work is needed,
however, before we reach a more satisfactory understanding of the specific needs and outlook for behavioral scientists
engaged in health-related research in areas of special interest—the target group of the NASA program. Moreover, in order to
assess the impact of the program on NASA awardees, career outcomes studies are needed.'®

Priority Fields

The national environment for behavioral and social sciences has been variable during the past two decades (see, for
example, Gerstein et al., 1988). For example, federal obligations for basic and applied research in psychology, sociology, and
anthropology consistently declined throughout most of the 1970s, reaching a low of $286 million in 1982.!7 After that time it
began to slowly inch back upwards until 8 years later, when it totaled $445 million (NSB, 1991). From 1985 to 1990, funds
for basic research increased, on average, by $8.4 million per year, rising from $162 million to $204 million. The average
annual increase in the applied research during that time was another $7 million, increasing its worth from $206 million to
$241 million. Psychology has remained the primary beneficiary of federal support, accounting for 76 percent ($340 million)
of the $445 million obligated in 1990, with commitments to sociology and anthropology of $93 million and $12 million,
respectively.

Societal Problems

Despite the severe funding setbacks in the early 1980s, there is now increasing recognition that many of the worst
problems facing this country are primarily behavioral in character and that these sciences possess important information to
address those problems. The information that has accumulated over years of careful basic research is adequate to design
developmental programs that have reasonable prospects for success.

A key link in relating basic findings from the behavioral sciences to a wide variety of clinical and applied settings is the
recruitment and training of high-quality people to carry out this linkage. Perhaps the single largest potential for doing this lies
in the NIH pre-and postdoctoral fellowship

Copyright © National Academy of Sciences. All rights reserved.
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program. Were these to be viewed by NIH as a major activity, surely university-medical school consortiums would design
fellowship opportunities which would produce scientists well-trained both in aspects of the behavioral sciences and in the
problems encountered in medical settings.

NIH (as reconfigured in October 1992) has for many years offered multidisciplinary training opportunities in research
related to the solution of such pressing social problems as substance abuse, violence, and the prevention of infectious
diseases. However, because of competing but important developments in the biological bases of behavior, NIH has directed
less attention to research training in the behavioral and social dimensions of physical and mental health than might be desired.
It is the hope of the committee that expanded NASA support in the behavioral sciences in the coming years will result in
significant growth in the number of awards made for research training in the solution of social problems related to the health
and well-being of all Americans.

A Special Note on Clinical and Clinical Services Research

Consideration should be given to enhancing federal support for training programs to produce clinical investigators (see
Kraut, 1993, for suggestions). Currently, some monies are available to support mental health services research training, but
few opportunities exist for supporting the production of behavioral science investigators in other problem areas (e.g., alcohol
and drug abuse interventions and psychotherapy outcomes). Most clinical research training being sponsored by the National
Institute of Mental Health (NIMH), for example, is primarily oriented toward psychiatry; of the 35 clinical research training
grants this year, only 5 are in psychology departments, with the remainder in psychiatry units. As a result of NIMH's
reorganization in 1985, clinical training programs were relocated from the research divisions to the services component and
now, with the movement of NIMH to NIH, are housed in the Center for Mental Health Services (CMHS) in SAMHSA.
Although subsequent engagement in research fulfills the payback requirement for clinical training, only a small proportion of
previously supported trainees actually utilized this option (13.2 percent of all individuals engaged in payback requirements
between 1981 and 1993), and a sample survey of former trainees indicated that only a small fraction (1.8 percent) cited
research as their current primary activity (CMHS, 1993). Furthermore, the clinical training budget totaled only $2.9 million in
1992 and is a candidate for elimination in congressional budget hearings.

Previous recommendations regarding the interdisciplinary nature of conducting research in these areas (for both
behavioral and clinical scientists), exposure to applied research settings during the training process, and methodological
training are critical to promoting these areas. Clinical training programs are not always directed at research competence per se
(understanding research so as to keep up with the literature vs. knowing how to do it). This is reflected by nearly half (48.6
percent) of all Ph.D.s and Psy.D.s awarded in clinical psychology in 1989 being from programs that emphasized the
practitioner model rather than the scientist-practitioner model of training, up from 28.7 percent in 1979 (Pion, 1993). Even in
programs that train students for research careers, the clinical training process itself, similar to medicine, is structured (of
necessity) to meet the increasing demands of accreditation agencies whose aim is to ensure practice competencies but not
minimal standards of research conduct. For example, the requirement of a predoctoral internship coupled with the need of
postdoctoral clinical training to meet licensing requirements affects both interest in and ability to carry out research for both
future clinicians and clinical faculty (many clinical training programs require their faculty to be licensed). Expanding the pool
of clinical researchers can be accomplished in other ways by establishing specific programs (e.g., the program in clinical
sociology at Yale) and by exposing nonclinical students in traditional disciplines to key substantive courses in prevention and
treatment and research opportunities in settings where they work with clinicians on projects. For example, certain problems
surrounding diagnostic accuracy and clinical decision-making can pose interesting research questions for cognitive
psychologists and also lead to improvements in the application and teaching of these skills. Transmission of the human
immunodeficiency virus (HIV) can be better understood by the application of social network models and ethnographic
studies, and models for interagency collaboration (e.g., resource dependency theory) can be examined by organizational
psychologists and sociologists. In general, the issue of how best to produce clinical investigators has recently generated much
attention, along with serious examination of how accreditation practices have adversely affected the production of clinician
scientists (see the Accreditation Summit held in 1992 by the American Psychological Society). Aside from the question of
exactly how many clinical researchers are needed, the data suggest that current programs are less successful than expected in
producing researchers who can examine key clinical problems and clinicians who can incorporate the logic of research into
their service-delivery activities. Concerted efforts are needed to identify the most appropriate strategies for the development
of clinical researchers (perhaps through retrospective examination of previous trainees and pilot tests of innovative
programs).'® Depending on the types of changes resulting from national health care reform (e.g., the changes in service
delivery settings, practitioner responsibilities, and practitioner au
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tonomy as a result of managed care), opportunities for clinical and clinical services research in these settings may expand
along with the attractiveness of research careers.

ENSURING THE DIVERSITY OF HUMAN RESOURCES

The characteristics of the graduate student population have changed significantly since the 1960s. Thirty years ago the
flow of women into and through doctoral programs, regardless of discipline, was exceedingly modest, with only 10.7 percent
of the 9,733 doctorates awarded in the United States earned by women. Beginning in the early 1970s, however, the number
and proportion of women doctorate recipients rose dramatically. By 1991 it had more than tripled, to 13,765, accounting for
36.8 percent of all new doctorate recipients (Ries and Thurgood, 1993). This marked growth occurred in nearly every broad
field of inquiry, particularly the behavioral sciences.

This pattern, however, has been a product of differential trends in gender participation across disciplines. First, there was
a dramatic upsurge in the number of women earning doctoral degrees, which was a product of the substantial growth in the
pool of women eligible to earn the doctorate in all fields. Second, the pool of eligible men has remained relatively stable or
undergone some erosion, and this is reflected in the number being awarded doctoral degrees, which has been steadily
shrinking. Whereas the same percentage of women baccalaureates (approximately 3 percent) has gone on successfully to earn
the doctorate, the proportion of men who enter and complete doctoral programs dropped from 10 percent to 4 percent during
this same period. Consequently, the flow of women into the graduate training pipeline has increased, but the stream of men
subsided from its early-1970s level.

Other factors aside (e.g., the quality of baccalaureate training), the recent upsurge in the awarding of baccalaureate
degrees suggests a larger pool of candidates who may be potentially interested in pursuing advanced degrees in these areas. It
also suggests that if current patterns persist, the composition of the graduate student population will change accordingly (see
following section). Among current freshmen, interest in the social and behavioral sciences has increased, with much of the
growth attributable to females. In 1990, 55 percent of all freshmen intending to major in a science or engineering field chose
psychology or one of the social sciences as compared with 39 percent in 1983 (NSF, 1991). Given that freshmen intentions
have signaled trends in baccalaureate production, graduate training programs can expect the pool of prospective applicants to
have, at least in the short term, a large proportion of women, and although more ethnically diverse than many other science
and engineering fields, to remain sparsely populated by people of color. Ethnic minority representation has remained
relatively stable, with about 1 of every 10 graduate students being Black, Asian, Native American, or Hispanic. The
recruitment and retention of ethnic minorities has been and remains an important concern.

In addition, the long-term implications of shifting gender distributions have come under review (e.g., APA Task Force
on the Changing Gender Composition of Psychology), with available research suggesting that differences exist in career
tracks and advancement. Although often each difference is reasonably small, the results are cumulative advantages and
disadvantages that appear gender-specific (e.g., Hornig, 1987; Long, 1990; Zuckerman, 1987). Such disparities do not work
toward maintaining the health and vitality of the investigator pool, and well-designed research studies investigating the
antecedent factors for choosing and pursuing a research career are urgently needed.

THE NRSA PROGRAM IN THE BEHAVIORAL SCIENCES

For operational purposes, the committee created—and first reported in 1975—a tentative taxonomy of behavioral
science research fields using the departmental classification scheme of the Doctorate Records File maintained by the NRC.
Throughout its tenure the committee continued to define the behavioral sciences as psychology, anthropology, sociology, and
speech and hearing sciences because these were the fields most closely involved in investigating health problems.

In its earliest reports, the committee presented the labor market outlook for Ph.D.s in the behavioral sciences as a whole,
without distinguishing fields. In 1978 the committee, realizing that the analysis of the labor market was hindered by treating
the behavioral sciences as a single entity, separated the data into clinical (clinical psychology, counseling and guidance, and
school psychology) and nonclinical (nonclinical psychology, anthropology, sociology, and speech and hearing sciences)
fields. This disaggregation enabled the identification of divergent market trends within the behavioral sciences.

For its 1985 report the committee decided to carry the disaggregation one step further and divided the nonclinical fields
into nonclinical psychology and other behavioral sciences. This step yielded three behavioral science subdivisions: clinical
psychology, nonclinical psychology, and other behavioral science fields (sociology, anthropology, and speech pathology and
audiology).

With this additional level of disaggregation, substantial differences among disciplines and education levels (graduate
and undergraduate) began to emerge in the 1980s. For example:
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+ undergraduate enrollments in psychology were not subject to the decline experienced by the other behavioral fields;

+ graduate enrollments in psychology declined less than those in other behavioral science fields;

« the decline in R&D funding occurred in behavioral fields outside of psychology;

* academic employment continued to grow, but the increases were concentrated in the fields outside of psychology:
sociology, anthropology, and speech pathology and audiology; and

+ although the number of behavioral scientists on postdoctoral appointments rose, the number of nonclinical
psychologists with postdoctoral appointments fell to its lowest level since the committee began monitoring these
data.

In general, the committee's recommendations for behavioral sciences personnel were consistent throughout the 1970s
with respect to the numbers of trainees and fellows supported, level of dollars expended, and distribution of awards between
predoctoral levels. The core of the recommendations was, within the framework of a constant dollar level of support, to
redistribute awards in the behavioral sciences from the traditional predoctoral emphasis (70 percent/30 percent, predoctoral to
postdoctoral) to one of postdoctoral emphasis (70 percent/30 percent, postdoctoral to predoctoral). The committee
recommended that this transition be completed by fiscal year 1981. The rationale for the recommendation was that the less
favorable labor market for behavioral scientists, especially in academia, dictated a decrease in predoctoral support whereas
the growing sophistication of behavioral research in the area of health warranted an increase in postdoctoral support.

During the early 1980s the committee reported that a shift in emphasis to postdoctoral training awards had occurred, but
not in the gradual and orderly manner recommended. Instead, the ratio had moved slowly toward a higher postdoctoral
concentration because of a sharp decline in predoctoral awards and a level of postdoctoral support that had risen between
1975 and 1977 and then remained basically constant through 1981.

Although the ADAMHA had supported the committee's recommendations and made strong efforts to implement them,
significant external impediments had prevented ADAMHA's ability to respond more rapidly: overall funds available for
research training grants and fellowships had lost ground to inflation, mandated increases in stipend levels in fiscal year 1980
meant that fewer pre-and postdoctoral students could be supported, and professional institutions had been slow in broadening
their emphasis to include more postdoctoral training positions.

The committee in its 1983 report recommended that despite some necessary budgetary reductions, some training support
must be preserved in the health-related behavioral and social sciences and directed to the highest quality programs. The
recommended shift in emphasis from predoctoral to postdoctoral awards was reaffirmed, but some numerical modifications
were necessary because of budgetary constraints. The committee recommended that predoctoral training should remain at the
1981 level (about 650 awards) whereas postdoctoral support should increase only modestly from the 1981 level (about 350
awards) to about 540 awards by 1987.

By the mid 1980s the committee was reporting an academic labor market for behavioral science Ph.D.s that was
expanding at a moderate rate of growth. However, most of the growth had occurred in the field of clinical psychology. This
finding caused the committee concern from the standpoint of the federal government's research program because most
clinical psychologists work outside the academic sector and do not contribute to the research effort. Also of concern to the
committee was the continuing decline of R&D funding and the observation that graduate enrollments and Ph.D. production in
nonclinical fields were beginning to decline whereas those in the clinical fields were continuing to increase. However, the
committee noted that a substantial number of behavioral science courses were being taught to graduate students at
professional schools—public health, law, medicine, nursing, social work, and business—which would tend to increase the
demand for behavioral scientists.

Recommendations in 1985 were for 450-790 predoctoral trainees per year and 460-800 postdoctoral trainees per year.
The committee also strongly endorsed the continuation of the training grant mechanisms as a way of improving the quality of
graduate education in the behavioral sciences at the predoctoral and postdoctoral levels. It was recommended that training
grants should be the predominant mechanism of support, with an 80 percent/20 percent ratio of traineeships to fellowships.

Finally, in its 1989 report, the committee projected that the labor market for behavioral scientists would be fairly stable.
It recommended that the level of predoctoral and postdoctoral support be kept at their current levels of approximately 500 and
420 positions, respectively. Given the low level of research involvement by clinical psychologists, the committee
recommended moving support away from clinical psychology and toward nonclinical psychology and other behavioral
sciences.

RECOMMENDATIONS

Total support for research training in the behavioral sciences increased slightly from about 902 awards in fiscal 1991 to
an estimated 1,069 awards in fiscal 1993 (Table 4-5). Most awards are offered as institutional training grants
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(traineeships), which account for about 85 percent of total NASA support in the behavioral sciences. Emphasis has been
given to predoctoral support, although institutional training grants permit the mix of predoctoral and postdoctoral trainees.
Individual fellowships have been made available at both the predoctoral and postdoctoral levels.

TABLE 4-5 Aggregated Numbers of NASA Supported Trainees and Fellows in Behavioral Sciences for FY 1991 through
FY 1993

Type of Support

Fiscal Year Level of Training TOTAL Traineeship Fellowship

1991 Number of awards 902 775 127
Predoctoral 519 472 47
Postdoctoral 338 258 80
MARC Undergraduate 45 45

1992 Number of awards 908 790 118
Predoctoral 534 481 53
Postdoctoral 323 258 65
MARC Undergraduate 51 51

1993 Number of awards 1,069 930 139
Predoctoral 672 604 68
Postdoctoral 349 278 71
MARC Undergraduate 48 48

NOTE: Based on estimates provided by the National Institutes of Health. See Summary Table 1.

Predoctoral Training

On the basis of continuing gains being made by behavioral scientists in areas of national interest and of anticipated
employment opportunities for highly skilled researchers, the committee urges the continued expansion of federal support
through predoctoral awards in the behavioral sciences. Predoctoral awards permit the preparation of investigators familiar
with the broad range of research techniques and theories that characterize doctoral preparation in the behavioral sciences.
Many graduates are ready to assume research positions on completion of the doctoral degree, although postdoctoral training
has gained some momentum in certain component subfields.

As is the case in other areas, the committee is concerned that current low stipend levels for NASA awardees serve as a
disincentive to attract the most able scientists to research careers in health-related fields. Thus, the committee has tempered
its call for expansion in total support in the behavioral sciences in recognition of the competing need to increase stipend
support (Table 4-6).

RECOMMENDATION: The committee recommends that the number of predoctoral trainees and fellows
supported annually in the behavioral sciences increase from an estimated 672 in fiscal 1993 to 900 by fiscal 1996.
The expansion in support should maintain the same ratio of trainees to fellows.

Postdoctoral Training

Postdoctoral research training through the NASA award provides the nation with a mechanism to attract the most skilled
scientists to address areas of national need. Because of differences in the evolution of research careers, postdoctoral research
training plays a greater role in some behavioral sciences than others. Nonetheless, postdoctoral studies increase the technical
skills of the investigator and strengthen the pool of talent available to the nation for research.

RECOMMENDATION: The committee recommends that the number of postdoctoral trainees and fellows
supported annually in the behavioral sciences increase from approximately 349 awardees in fiscal 1993 to 500 in
fiscal 1996.

Minority Access to Research Careers
Since its inception in the late 1970s, the special program of undergraduate support for Minority Access to Research

Copyright © National Academy of Sciences. All rights reserved.
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Careers (MARC) has included a small number of awards for research training in the behavioral sciences. In recent years,
about 50 awards were made for training in this area (Table 4-5).

TABLE 4-6 Committee Recommendations for Relative Distribution of Predoctoral and Postdoctoral Traineeship and
Fellowship Awards in Behavioral Sciences for FY 1994 through FY 1999

Type of Support

Fiscal Year Level of Training TOTAL Traineeship Fellowship

1994 Recommended number of awards 1,195 1,040 155
Predoctoral 745 670 75
Postdoctoral 400 320 80
MARC Undergraduate 50 50

1995 Recommended number of awards 1,325 1,150 175
Predoctoral 825 740 85
Postdoctoral 450 360 90
MARC Undergraduate 50 50

1996 Recommended number of awards 1,450 1,260 190
Predoctoral 900 810 90
Postdoctoral 500 400 100
MARC Undergraduate 50 50

1997 Recommended number of awards 1,450 1,260 190
Predoctoral 900 810 90
Postdoctoral 500 400 100
MARC Undergraduate 50 50

1998 Recommended number of awards 1,450 1,260 190
Predoctoral 900 810 90
Postdoctoral 500 400 100
MARC Undergraduate 50 50

1999 Recommended number of awards 1,450 1,260 190
Predoctoral 900 810 90
Postdoctoral 500 400 100
MARC Undergraduate 50 50

The MARC program represents a unique and special program of support for the recruitment of minorities into research
careers in the behavioral sciences. We look forward to reviewing the outcome of the review of the MARC program presently
being conducted under the auspices of NIH. We endorse the continuation of MARC support for research training in the
behavioral sciences at current levels until that study is complete.

RECOMMENDATION: The committee recommends that the number of NASA awards for research training in
the behavioral sciences through the MARC program be maintained at about 50 per year, pending completion of the
NIH review.

NOTES

1. Broadly construed to include psychology, sociology, anthropology, and speech and heating sciences. See Appendix B for a
list of disciplines included in this area.

2. There was a significant drop in the academic sector work force between 1989 and 1991. In part, this decline may reflect
methodological changes that were introduced at that time to the Survey from which these data were generated. However, the
decline may be reflecting a weakening of demand in the academic sector.

3. Approximately 30,000 thousand of the 67,000 workers employed in the behavioral sciences in 1991 were clinical
psychologists whose participation in health-related research varies from year to year.

Copyright © National Academy of Sciences. All rights reserved.
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4. See Appendix F.
5. Survey of Doctoral Recipients (SDR) data. special tabulations.
6. See Appendix F.

7. In 1989 hospitals and other nonprofit institutions employed 23 percent of the clinical psychologists, seven percent of the
nonclinical psychologists. and five percent of the sociologists and anthropologists (Pion. 1993). The numbers in Pion's paper
come from Quantum Research Corporation's analysis of the SDR data. Those numbers are not strictly comparable with labor
force numbers used elsewhere in this report. due to differences in definition of variables.

8. See Chapter 3, Reis, P. and D.H. Thurgood. Summary Report 1992: Doctorate Recipients from United States Universities,
Appendix Table B-1.

9. Although the number of postdoctoral appointments are also thought to be strongly influenced by current job opportunities,
we do not include them as an indicator for behavioral scientists because. as shown earlier. they are a relatively unimportant
part of this labor market.

10. Starting salaries are defined as the salaries of workers in the age group 30-34.
11. See IOM. 1994 for further discussion of this phenomenon.
12. For more detail, Chapter 3, note 11 and Appendix G.

13. The increases could also be reflecting the impact of the expected aging of this work force on separations other than deaths
and retirements. See supra. Chapter 3, note 9.

14. The estimate is presented as a minimum value because these job openings could also be filled by recruiting workers with
degrees and training in closely related fields or workers from abroad.

15. On the basis of information gathered from the National Science Foundation the committee estimates that fewer than 5
percent of graduate students in the behavioral sciences received NASA support in FY 1990.

16. See Appendix A for a brief review of earlier NRC studies in this area.
17. These figures are in constant 1982 dollars.

18. Some lessons can be learned from the training of physician-scientists and the performance of trainees who are supported
during predoctoral years (M.D.-Ph.D. programs) vs. postdoctoral support on research-related outcomes.
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Chapter Five

Physician-Scientists

Training in the clinical sciences is critical to maintaining our country's leadership in the translation of basic discoveries
to meaningful patient care. As the nation demands more primary care of our physicians, we must not lose sight of the
tremendous advances that have been made by individuals using basic approaches to explore interesting and significant
clinical problems.

Clinical research includes a spectrum of investigation. At one end, it is represented by the use of basic scientific
approaches and tissue samples from patients or normal individuals to generate fundamental insights into the disease process.
At the other end, it is represented by studies in which whole patients, normal volunteers, or populations of subjects each serve
as the laboratory.!

The clinical investigator generally has an M.D. or other health professional doctorate, although the committee
recognizes that basic scientists also participate in clinical investigation. The committee has based its assessment of national
need on the fact that most government-sponsored research in the clinical sciences is performed in medical schools or
academic health centers (Appendix Table F-22). The ability of medical schools to conduct clinical research depends largely
on the continuing availability of clinical faculty with strong research skills. The future availability of well-prepared clinical
research faculty has come into question by a number of authors (Ahrens, 1992; Fredrickson, 1993; IOM, 1994). Given
continuing national concern over the future supply of skilled clinical investigators, we have restricted our analyses in this
chapter to the need for physician-scientists.?

Previous National Research Council (NRC) study committees have focused on the special role that the physician-
scientist has played in bringing clinical insights to bear in the laboratory and in translating new knowledge into the context of
medical practice (NRC, 1981). Almost all NRC committees that have addressed research training needs in the clinical
sciences have observed that there continues to be a shortage of physicians willing to prepare for research careers. Many
committees have focused on the very real effects of competing—and more lucrative—opportunities available in private
practice as a reason for this trend (NRC, 1978). More recently, some committees have observed that changes occurring in the
way medical schools finance their operations and structure their faculties simply does not provide an environment conducive
to preparation for a research career (NRC, 1985). We concur and provide evidence elsewhere in this chapter suggesting that
upcoming changes in the national support for health research and health care reform may further erode research and research-
training opportunities in academic health centers.

In addition to these contextual variables, we believe the nature and timing of National Research Service Award support
may directly effect the success of recruiting physicians into research careers. On the basis of information gathered by the
National Institutes of Health (NIH ), we believe that the Medical Scientist Training Program (MSTP) may be especially
effective in launching individuals into research careers. This program was established in 1964 to permit individuals to pursue
the M.D. and the Ph.D. degrees concurrently. The MSTP program has consistently had a high proportion of graduates
involved in research and actively contributing to the advancement of the clinical sciences. (See also, Appendix A for a
summary of available outcome studies.)

Opportunities for careers in clinical research abound. Our continuing challenge is to stimulate interest of clinicians in
contributing to that effort, and the NASA program can clearly play a role relative to that goal.? In the sections that follow, we
will review some of the more exciting advances in clinical science that create the need for a continu

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4750.html

edical and Behavioral Scientists

PHYSICIAN-SCIENTISTS 56

ing research effort, summarize the current market for these scientists, and recommend specific changes in the NASA program
that may be effective in expanding the cadre of physician-scientists needed at this time.

ADVANCES IN CLINICAL SCIENCE
Advances in clinical science have been enormous and include, but are not limited, to the following:

+ Identification of the genetic defect in various genetic disorders, including cystic fibrosis. Cystic fibrosis is the most
common genetic disorder in Caucasians, affecting 1 of every 2,000 children. The disease is characterized by
pulmonary infections and pancreatic insufficiency and is due to a cellular defect in the development of secretions.
The genetic defect associated with the disorder is found in chromosome 7. This discovery allows three major
advances. First, it allows genetic counseling within families. Second, it has allowed a determination of the product
of the gene. This information will provide a rational approach to developing drugs to correct the defect. Finally, it
will allow studies that attempt to replace the defective gene with a normal one in tissues that are affected. Indeed,
such somatic gene therapy has already begun.

+ Identification of the gene associated with bowel cancer. Very recently, two separate groups of investigators
demonstrated a genetic defect localized to chromosome 2, which is associated with hereditary nonpolyposis colon
cancer. The gene involved appears to control DNA repair, and a defective gene seen in patients with colon cancer
leads to instability of cellular DNA. This research is a spectacular example of the different ways in which basic
research can lead to clinical advances. In one laboratory the research developed from studies performed in yeast
and bacteria that examined how these organisms repair DNA and the genetic defects associated with DNA
instability. In another laboratory there is a long history of studies in humans examining genetic defects associated
with a variety of colon cancer syndromes. In other words, this remarkable advance in our understanding of colon
cancer came from distinct pathways, one originating from basic studies of normal mechanisms in bacteria and yeast
and the other from more clinically oriented studies looking at abnormal growth and differentiation of colon cells.
These studies will allow the development of reagents that can be used to screen for colon cancer.

* Creation of an animal model for ankylosis spondylitis by using transgene methodology. Ankylosis spondylitis is a
syndrome that predominantly affects joints of the spine. Approximately two decades ago it could be demonstrated
that the disease was significantly associated with a specific HLA type, HLA-B27. Indeed, 90 percent of patients
with ankylosis spondylitis had the HLA-B27 genotype. In an attempt to demonstrate the nature of the association
between the gene and the disease, investigators established a rat model in which the human HLA-B27 gene was
inserted by using transgene methodology. In some of the animals a disease developed that mimicked human
ankylosis spondylitis. These animals not only provide a model for determining just how the gene influences the
expression of the disease but also for deciding what other factors may be involved. They also provide a model for
studying the effectiveness of various forms of therapy.

The importance of clinical research to advancing our understanding of clinical disorders is captured in a recent editorial
in Science written by Editor-in-Chief Daniel E. Koshland Jr. (1993):

In the 1980s and 1990s NIH researchers, intramural and extramural, performed the first trial of gene therapy in
humans, proved the effectiveness of methotrexate for treating rheumatoid arthritis, developed new methods for
growing skin to repair burns, showed that control of glucose levels slows progression of diabetes, showed
effectiveness of cholesterol reduction in the prevention of heart disease, demonstrated an effective treatment for
spinal cord injury, found a new drug for Parkinson's disease, showed that aspirin and coumadin lower the risk of
stroke, developed methods of hypertension control that have reduced heart attacks and strokes by more than 50
percent, and so on for many other discoveries. .... These followed many earlier discoveries, including the polio
vaccine, the measles vaccine, hormone replacement therapy, fluoride to prevent tooth decay, to name a few. We are
living longer, we are living with less pain, we are living with less cost to alleviate health deficiencies than any
previous generation because of the findings of health researchers. .... In the not-so-distant past, smallpox epidemics
killed 25 percent of the inhabitants of towns that were invaded by the virus. Today we are storing the last traces of
the virum because that dread disease has been eradicated from the Earth.

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

Clearly, this partial list of clinically relevant discoveries supports the practical value of clinical research. The United
States is the world leader in clinical research and we must make a renewed commitment to retain this leadership. The
recommendations of this report should allow us to remain in this position of preeminence.

ASSESSMENT OF THE CURRENT MARKET FOR CLINICAL SCIENTISTS

Degree Production and Career Patterns

Clinical scientists work in a variety of settings but primarily in academic health centers. Between 1981 and 1991, the
number of full-time faculty employed in clinical depart
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ments grew by about 38,000 to just over 59,000 (Appendix Table F-23), suggesting that the market for clinical scientists
remained relatively robust throughout the 1980s.

Degree Production

The major source of new physician-scientists is the nation' s medical schools. The most readily available information
about patterns of enrollment and degree production is the Association of American Medical Colleges (AAMC). Data from
AAMC (Appendix Table F-23) reveals that medical school enrollments remained essentially flat between 1981 and 1991 at
about 65,000 students. The number of medical degrees awarded each year also remained level at about 15,500 per year in the
1980s.

Career Patterns

Few data sets are available for sorting out the unique patterns of research careers among physician-scientists. The
American Medical Association provides information about the number of physicians primarily engaged in research
(Appendix Table F-23)—which fluctuated between 16,000 and 23,000 between 1981 and 1990. But these figures may also
include trainees in graduate medical programs. Perhaps more telling is the trend in success rates of M.D.s who apply to the
National Institutes of Health—which peaked at about 45 percent in 1987 and has leveled off at about 37 percent (on average)
thereafter (Appendix Table F-23).

Market Forces

There are several influences on the availability of careers in clinical research. These influences, called market forces,
range from how we have traditionally trained clinical researchers to outside industrial and governmental spending trends. As
the nation begins to develop a new system of health care delivery, these market forces will become increasingly important.

Academic Health Centers

An academic health center can be defined as a medical school working in conjunction with a teaching hospital and at
least one other health professional school to achieve mutually agreed upon goals for education, research, and provision of
clinical care. Approximately 68 percent of NIH RO1 support goes to these academic health centers. Academic health centers
therefore constitute the major sites at which health-related research and research training are carried out. Moreover, a
significant amount of their support for research is derived from income obtained for the provision of clinical care. This
income stream is threatened by changes in health care reform that place academic health centers at a disadvantage with regard
to the cost of providing medical care. This presents a threat to the market not only for training but also for support of trained
investigators.

Pharmaceutical and Biotechnology Industry

Uncertainties in health care reform has forced industry to be exceedingly cautious with expenditures, and in some cases
to lay off large numbers of employees. This posture clearly stifles innovation. One of the first areas to feel the effects of
budgetary constraints is research. This soft side of the market has to be balanced by the fact that there are tremendous
opportunities for the development of unique agents to treat significant clinical disorders.

Cap on Domestic Spending

The federal deficit, budget reconciliation, and a cap on domestic spending indicates that support for research and
training will have to compete for many other high-priority areas supported by the domestic budget. This scenario is one in
which the NIH budget is likely to grow at a rate certainly not greater and probably somewhat less than the biomedical
research price index.

Emphasis on Increasing the Training of Generalists

There clearly is an enormous pressure nationally to increase the proportion of generalists in medicine and decrease the
proportion of specialists. Heretofore, significant research training and research activity has occurred in association with
specialties, particularly the medical specialties. Indeed, some view the problem in the imbalance of generalists to specialists
as a result of overemphasis on research spending. This, therefore, provides a diminished enthusiasm among some to further
increase funding for research or research training.

OUTLOOK FOR CLINICAL SCIENTISTS

In addition to market forces, there are factors that influence the demand for clinical scientists. These demand indicators
are expenditures for clinical research and development (R&D) in medical schools; professional service income in medical
schools; total revenue; budgeted vacancies in medical schools, both in clinical and basic science departments; and the clinical
faculty/student ratio.

Expenditures for Clinical Research and Development

From 1985 to 1990, expenditures for clinical R&D in medical schools increased moderately. The average in
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crease was about 13 percent per year. An estimate of the amount of support for clinical R&D in medical schools is needed to
refine the model of demand for clinical faculty. An estimate of clinical R&D expenditures in medical schools was derived by
using the proportion of total NIH obligations used to support clinical research. From 1969 to 1989 this proportion increased
by 60 percent (Appendix Table F-22).

Since 1980 public medical schools have had higher levels of research expenditures than have private schools. This is
partly due to the fast growth in the number of public schools. Clinical R&D in public schools grew at an annual rate of 7
percent since 1980 as compared with only about 4 percent per year in private schools. However, private schools remain more
research intensive as indicated by research expenditures per school. Average clinical R&D expenditures were $14.6 million
in private schools in 1990 compared with $10.2 million in public schools (Appendix Table F-24).

Professional Service Income

Service income generated by medical school faculty has continued to grow. From 1989 to 1990 service income
generated by medical school faculty grew 14 percent and from 1990 to 1991 this income grew 13 percent (figures adjusted
for inflation in 1987 dollars). This has increased as medical schools have become very successful in providing clinical care.
Thus, medical schools have come to depend on the clinical income to support their research and educational missions.

Total Medical School Revenue

Service income and federal research funds contributed over half of all medical school revenues in 1991. Another large
portion came from state and local government sources. Tuition contributed only about 4 percent in 1991. With an average
yearly tuition increase since 1985 of about 6 percent, medical student indebtedness, as noted by several testifiers at the public
hearing, may operate as a deterrent to their pursuit of research training. The rates of total revenues have grown at an average
yearly rate of 14 percent since 1986.

Budgeted Faculty Vacancies

Total budgeted medical school faculty vacancies have grown at an average yearly rate of about 6 percent since 1989.
The major growth of vacancies is in the clinical science departments. There has been a steady decrease of faculty vacancies in
the basic science departments with a high of 801 budgeted vacancies in 1985 to the 1991 low of 643 vacancies.

Faculty/Student Ratio

Enrollments, revenue, and clinical faculty size are the basic elements in assessing personnel needs for the clinical
sciences in medical schools. The ratio of clinical faculty to enrollment is largely determined by the funds available to support
faculty.

Priority Fields

Clinical investigation requires practitioners to stay abreast of developments in both medicine and science, each of which
is in constant acceleration and often the two do not track in parallel directions (Fredrickson, 1993). Observations from the
study of patients lead to the development of hypotheses, which lead, in turn, to scientific experimentation. Interest in the
patient is always paramount, but scientific experimentation runs the risk today of taking the clinical investigator away from
the bedside to the clinical laboratory. Ahrens (1992), in particular, has decried the reductionist direction of clinical
investigation, suggesting that patient-oriented research is seriously imperiled. We concur with Ahrens view that more
emphasis should be placed on the preparation of investigators familiar with the experimental paradigms associated with
patient-oriented research. At the same time we recognize that laboratory-based clinical investigation has a significant and
continuing role in the national health effort. However, from our review of the literature, and on the basis of our expert
judgement, we cannot help but conclude that there is indeed a dearth of individuals adequately trained to perform patient-
oriented or population-based research.

With the development of new therapies and diagnostic procedures, there is an urgent need to train individuals who can
carry these advances into the clinic so that their effectiveness can be measured and made available to the nation. NASA
funds, either through individual NASA fellowships or programmatic training grants, can play an effective role in promoting
the specialists that are needed.

The MSTP also represents a priority field. Established in the 1960s, this program has been especially attentive to the
essential training requirements for clinical investigation. A 1992 study of graduates of the Johns Hopkins University's M.D./
Ph.D. program found that all of those who had completed their training were actively involved in research: 81 percent in
academia, 14 percent at research institutes, and 5 percent in the biotechnology industry (McClellan and Talalay, 1992. See
also Bradford et al., 1986 and Frieden and Fox, 1991).

NIH has also analyzed information about first-time applicants for research grants (R01) and prior research train
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ing experience (Appendix Table F-25). They found that in 1989 nearly 60 percent of individuals holding joint M.D./ Ph.D.
degrees and applying for research support had received formal research training through support provided by NIH; this value
was 47 percent for Ph.D. applicants and 42 percent for M.D. applicants. Furthermore, among first-time NIH grant recipients
in 1989, 68 percent of the M.D./ Ph.D. recipients had had previous NIH supported research training experience compared
with 55 percent of the grant recipients holding Ph.D. degrees and 52 percent of those holding M.D. degrees
(Appendix Table F-26). We conclude that continued and expanded support of the MSTP program will yield the cadre of
active and successful physician-scientists so sorely needed for the national research effort today.

ENSURING THE DIVERSITY OF HUMAN RESOURCES

Issues remain regarding the recruitment of minorities to faculty and the retention of all M.D. investigators regardless of
ethnicity and gender. In addition to improved recruitment, there must be specific attention given to the retention of women as
clinical investigators and faculty. Extending the tenure clock and having on-site day-care are two examples of ways to
facilitate their retention.

Race and Ethnicity

Medical school faculty reveal a race/ethnicity mix similar to the basic biomedical sciences (AAMC, 1992). Because
most of the U.S. population will soon be a mixture of races other than white, the market will demand a more widely
representative pool of researchers. About 13 percent of the faculty are members of minority groups and the largest share of
these workers is Asian (Table 5-1). Table 5-1 displays the medical school faculty by rank and ethnicity: of the professors,
87.6 percent are white, 5.7 percent are Asian, and 2.4 percent declined to respond; of the associate professors, 82.5 percent
are white, 7.9 percent are Asian, and 3.1 percent declined to respond; of the assistant professors, 77.5 percent are white and
8.6 percent are Asian, and information was missing on 4.8 percent; of the instructors, 72 percent are white and 9.4 percent are
Asian, and information was missing on 7.4 percent. Although 13 percent of the entire faculty represent minorities, this mix is
generally not yet reflected in higher faculty ranks.

Age

Figure 5-1 shows the distribution of U.S. medical school faculty by age. Out of a total of 70,187 faculty, 57.6 percent are
ages 40-49 and 25 percent are ages 30-39. Table 5-2 indicates that of those aged 40-49, 22.4 percent are full professors, 55.3
percent are associate professors, 39.1 percent are assistant professors, and 29.9 percent are instructors. Of those aged 30-39,
0.3 percent are professors, 8.1 percent are associate professors, 45.8 percent are assistant professors, and 51.8 percent are
instructors. Of the M.D./ Ph.D. graduates, 39.8 percent are ages 40-49 and 25 percent are ages 50-59 (Table 5-3). Only 15.6
percent M.D./Ph.D. graduates are ages 30-39.

TABLE 5-1 Distribution of U.S. Medical School Faculty by Rank and Ethnicity

Professor Associate Professor Assistant Professor Instructor

Ethnicity Number % Number % Number % Number %

Native American 24 0.1 13 0.1 22 0.1 11 0.2
Asian 1,065 5.7 1,334 7.9 2,300 8.6 590 904
Black 193 1 319 1.9 778 2.9 300 408
Mexican American 28 0.1 41 0.2 114 0.4 19 0.3
Puerto Rican 96 0.5 146 0.9 247 0.9 88 104
Other Hispanic 258 1.4 255 1.5 461 107 129 201
White 16,396 87.6 14,008 82.5 20,838 7705 4,512 72

Refused? 446 2.4 531 3.1 843 301 156 2.5
Missing 215 1.1 334 2 1,293 408 465 704
Total 18,721 100 16,981 100 26,896 100 6,270 100

2 Declined to respond.
Source: Association of American Medical Colleges (1992).
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Figure 5-1 Distribution of U.S. medical school faculty by age.
Source: Association of American Medical Colleges (1992).

THE NRSA PROGRAM IN THE CLINICAL SCIENCES

Every NRC study committee has noted that recruitment of qualified clinical researchers poses special challenges.
Physicians, dentists, and veterinarians enjoy several attractive career alternatives. The vast bulk of Ph.D. trainees pursue
research careers, but only one-third of postdoctoral M.D. trainees have followed that path, with most entering medical
practice instead. Part of the reason is that preparing clinical specialists for practice in shortage fields has been an explicit
purpose of the NIH funding programs. With that goal now substantially met, however, the committee doubted the need for
continued subsidy to clinical training for practice.

TABLE 5-2 Distribution of U.S. Medical School Faculty by Degree and Age

Professor Associate Professor Assistant Professor Instructor
Age Number % Number % Number % Number %
Under 30 0 0 0 0 58 0.2 102 1.6
30-39 62 0.3 1375 801 12314 45.8 3248 51.8
4049 4185 22.4 9397 553 10512 39.1 1875 29.9
50-59 7835 41.9 4265 25.1 2286 8.5 533 8.5
60-69 5526 29.5 1532 9 790 2.9 168 2.7
70+ 1038 5.5 220 1.3 129 0.5 25 0.4
Missing 75 0.4 192 1.1 807 3 319 5.1
Total 18721 100 16981 100 26896 100 6270 100

Source: Association of American Medical Colleges (1992).

TABLE 5-3 Distribution of U.S. Medical School Faculty by Rank and Age

M.D. Ph.D/O.H.D.? M.D.-Ph.D/M.D.-O.H.D.* Other®

Age Number % Number % Number % Number %
Under 30 60 0.1 58 0.3 1 0 96 2.1
30-39 12114 28.3 3715 19.7 600 15.6 1092 23.6
4049 15235 35.6 7976 4202 1529 39.8 1625 352
50-59 8786 20.5 4652 24.6 960 25 693 15
60-69 5203 12.1 1995 10.6 586 153 298 6.4
70+ 971 2.3 268 1.4 131 34 50 1.1
Missing 456 101 237 1.3 31 0.8 769 16.6
Total 42825 100 18901 100 3838 100 4623 100

2 O.H.D.: Other health doctorate.
b Other: Faculty with nondoctoral/no degree or missing degree data.
Source: Association of American Medical Colleges (1992).
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In its first report in 1975, the committee found the available data on clinical researchers to be wholly inadequate to its
needs, and it declined to recommend any change in existing levels of funding: 140 predoctoral and 3,340 postdoctoral clinical
sciences trainees. Beginning with the 1976 report, the committee began to grapple in earnest with the scope of its task. On the
basis of unique value and the special demands of clinical research and the fact that professional schools do not ordinarily
prepare students for careers as researchers, the committee concluded that postdoctoral clinical trainees should generally
receive their support in the form of training grants made to professional schools, which permit these institutions to build in a
short time the critical mass of students and web of resources necessary for high-quality programs.

Evidence available in the early 1970s suggested that, unlike the burgeoning supply of Ph.D. researchers, the pool of
M.D. investigators was shrinking while demand was growing steadily. Despite 6 percent annual growth in medical school
faculties, the American Medical Association figures showed a significant drop since 1968 in the number of physicians
engaged primarily in research. Therefore, the committee recommended funding a total of 2,800 postdoctoral traineeships and
fellowships, up 10 percent from the number funded in 1975. It also praised the MSTP, initiated in fiscal year 1964, which
supported students in combined 6-year M.D./Ph.D. courses. The committee recommended funding 600 MSTP traineeships,
up 19 from the 581 funded in 1975.

With the next several reports beginning in 1977, the committee began exploring why the number of physicians-scientists
was dropping. Although both enrollment and R&D funding were rising rapidly at medical schools, many established clinical
faculty members were spending relatively little of their time conducting research. In response to this finding, the committee
detailed a number of factors that it believed might discourage physicians from undertaking research careers:

« the risk of failing at an untried field after demonstrating the ability to succeed in medical practice,
« the loss of income as compared to practice,

+ agrowing perception among students that patient care has greater value than research,

* social pressure on students to enter primary care fields, and

+ an image that paperwork and red tape inhibit researchers more than in the past.

In addition, the committee noted a discrepancy between the medical training calendar and the NIH grant cycle.
Physicians who were planning for residencies to begin in July had to do so as early as the preceding October, many months
before NIH announced its training awards.

In view of these circumstances, the committee continued through the 1970s to recommend 2,800 postdoctoral
traineeships and fellowships in clinical sciences. It also continued to praise the MSTP awards as a highly effective method of
producing clinical researchers, recommending incremental increases in the program.

By 1979 the committee's warnings appeared to have had an effect. Presidents of four leading societies discussed the
threat of clinical investigator shortage in major addresses, as did a conference at the University of Chicago. Various agencies
had already begun trying to counter the shortage. NIH, for example, had expended and modified its grant mechanism to ease
the transition from medical school to research training and then to independent research. A 1978 amendment to the NASA
Act encouraged students to do short-term research under 3-month grants not subject to payback.

Several other developments that pointed toward a brighter outlook were an increase in the number of physicians
reporting research as a major activity, an increase in the number of clinical science traineeships and fellowships, and survey
results showing that medical students were growing more interested in research. The committee maintained its
recommendation of 2,800 postdoctoral awards.

During the early 1980s the committee continued to recommend holding the number of awards stable at 2,800. Market
opportunities for clinical investigators continued to be favorable, with medical school faculties still growing and providing
places for young scientists interested in research careers. The immediate problem was the recruitment of physicians to
undertake research training. The committee was concerned about a looming physician surplus, which would probably slow
the growth of medical school enrollments and faculty and in turn reduce the positions available to new clinical researchers.
Even with fewer openings, however, the committee believed that clinical investigator posts would remain hard to fill.

In 1985 the committee recommended a rise in the number of NASA awards. It believed that demand would grow faster
than expected, in part because of increasing attrition from an aging faculty pool.

The 1985 report also highlighted some important changes in medical school financing that the committee feared might
further weaken clinical departments' commitment to research. As revenue from patient care steadily climbed, the committee
believed that clinical faculty might find these demands competing for the time needed to prepare proposals, collect data, write
grants, and so forth. In addition, as faculties grow less rapidly, medical school might favor hiring clinician-teachers over
physician-scientists.

The committee also examined factors affecting young dentists' decision to pursue careers in clinical research. Although,
unlike physicians, dentists have ample opportuni

Copyright © National Academy of Sciences. All rights reserved.
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ties for research during postdoctoral specialty training, only a few trainees receive salaries and some must even pay tuition.
The committee recommended special consideration to providing adequate support for training dentist-researchers.

TABLE 5-4 Aggregated Numbers of NASA Supported Trainees in the Medical Scientist Training Program (MSTP) for
FY 1991 through FY 1993.

Fiscal Year Number of Predoctoral Trainees
1991 783
1992 806
1993 822

NOTE: Based on estimates provided by the National Institutes of Health. See Summary Table 1.

In 1989 the committee noted that the number of NIH traineeships and fellowships for clinical investigators (whom it
chose to call physician/scientists) had not increased as fast as health-related R&D expenditures. The percentage of M.D.s who
were principal investigators on NIH research grants had fallen, although the number of M.D./Ph.D. principal investigators
had remained constant for the past decade.

The committee speculated that the demand for physician-scientists would increase in the future as health-related R&D
increased. However, given the lack of compelling data about supply and demand and questions about the effectiveness of
physician research training, the committee recommended that the number of training positions remain the same until current
training programs could be evaluated.

RECOMMENDATIONS

The following recommendations are made to enhance our excellence in physician-based research.

The Medical Scientist Training Program

In 1963, NIH granted funds to three institutions to support just under 20 individuals who pursued the M.D. and Ph.D.
degrees concurrently. Early NRC study committees reported findings from studies that consistently showed that a substantial
fraction of MSTP awardees remain productively engaged in research, often with greater success in securing research support
than M.D.s who pursue post-M.D. research training not leading to a doctorate.

Current support for M.D./Ph.D. training provides for about 820 awards (Table 5-4). Given the success of this program in
contributing workers to the national research effort and the continuing and increasingly difficult problem of attracting M.D.s
without Ph.D. training to research careers, we believe this program should be expanded significantly in the coming years
(Table 5-5).

RECOMMENDATION: To meet the nation's continuing need for clinical investigators, the committee
recommends that the number of NASA trainees supported through the MSTP program be increased from 822 in
1993 to 1,020 trainees each year by the year 1996.

Individual Fellowships
Because of the urgent need for clinical scientists familiar with patient-based research techniques, we urge NIH to
increase the number of postdoctoral NASA fellowship awards to permit the preparation of patient-based investigators.

RECOMMENDATION: The committee recommends that NIH increase support for individuals to train in patient-
based research by increasing the number of

TABLE 5-5 Committee Recommendations for Predoctoral Traineeships in the Medical Scientist
Training Program for FY 1994 through FY 1999.

Fiscal Year Number of Predoctoral Trainees
1994 890

1995 955

1996 1,020

1997 1,020

1998 1,020

1999 1,020

Copyright © National Academy of Sciences. All rights reserved.
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postdoctoral fellowships in the clinical sciences from 68 in fiscal 1993 to 160 by fiscal 1996.

TABLE 5-6 Aggregated Numbers of NASA Supported Trainees and Fellows in Clinical Sciences for FY 1991 through
FY 1993

Type of Support
Fiscal Year Level of Training TOTAL Traineeship Fellowship
1991 Number of awards 2,894 2,814 80
Predoctoral 755 736 19
Postdoctoral 2,139 2,078 61
1992 Number of awards 2,970 2,887 83
Predoctoral 819 800 19
Postdoctoral 2,151 2,087 64
1993 Number of awards 2,974 2,877 97
Predoctoral 855 826 29
Postdoctoral 2,119 2,051 68

NOTE: Based on estimates provided by the National Institutes of Health. See Summary Table 1.

Institutional Training Grants in the Clinical Sciences

To permit the expansion of the pool of MSTP trainees and postdoctoral clinical science fellows, we believe modest
reductions should be made in the number of postdoctoral awards made through institutional training grants. NIH reports that
2,087 awardees were supported in fiscal 1992 through this mechanism (Table 5-6). We believe a gradual decrease should
occur in the number of awards (Table 5-7). This would be done to permit the expansion of the MSTP program (described
above).

RECOMMENDATION: The committee recommends that the number of postdoctoral institutional traineeships
supported through the NASA program in the clinical sciences be slightly decreased from 2,051 to 1,965 between
1993 and 1996.

NOTES

1. Several studies, it must be added, have identified a lack of rigorously trained individuals who know how to perform patient-
based research (e.g., Ahrens, 1992) as a special need at this time.

2. The clinical sciences are understood to include individuals holding degrees in a variety of health professions including:
medicine, veterinary sciences, dentistry, nursing, clinical psychology, and social work. The research training needs of clinical
psychologists have been addressed in chapter 4 of this report ("Behavioral Sciences"), dentistry needs are separately
addressed in chapter 6 ("Oral Health Research"), and nursing addressed in chapter 7 ("Nursing Research"). The committee
did not address research training needs in the veterinary sciences or social work, but recognizes that these fields contribute to
the national research effort and merit support through the NASA program.

3. A recent report of the Institute of Medicine, Careers in Research: Obstacles and Opportunities (1994) investigates ways to
improve the quality of training for clinical investigators and delineates pathways for individuals pursuing careers in clinical
investigation in nursing, dentistry, medicine and other health professions engaged in human research.
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TABLE 5-7 Committee Recommendations for Relative Distribution of Predoctoral and Postdoctoral Traineeship and
Fellowship Awards in Clinical Sciences for FY 1994 through FY 1999

Type of Support
Fiscal Year Level of Training TOTAL Traineeship Fellowship
1994 Recommended number of awards 2,975 2,875 100
Predoctoral 895 875 20
Postdoctoral 2,080 2,000 80
1995 Recommended number of awards 2,910 2,780 130
Predoctoral 895 875 20
Postdoctoral 2,015 1,905 110
1996 Recommended number of awards 2,860 2,680 180
Predoctoral 895 875 20
Postdoctoral 1,965 1,805 160
1997 Recommended number of awards 2,860 2,680 180
Predoctoral 895 875 20
Postdoctoral 1,965 1,805 160
1998 Recommended number of awards 2,860 2,680 180
Predoctoral 895 875 20
Postdoctoral 1,965 1,805 160
1999 Recommended number of awards 2,860 2,680 180
Predoctoral 895 875 20
Postdoctoral 1,965 1,805 160

Copyright © National Academy of Sciences. All rights reserved.
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Chapter Six

Oral Health Research Personnel

Oral health research (OHR) has paid great dividends (Lathrop and Ranney, 1993). It has contributed to reduced rates of
dental caries as well as improvements in diagnosis, prevention, and treatment of other oral diseases and abnormalities. OHR
activities include research not only on tooth structure and diseases of supporting tissues, but on cells, tissues, and structures of
the entire oral and craniofacial region. Other important research areas include oral cancer, salivary gland disorders, genetic
diseases, and materials science related to dental practice.

Estimates indicate that dental school research training programs have less than half the faculty needed to provide a
strong research environment. Compared with all other faculty in dental schools, research faculty are aging and are not being
replaced at the rate they are retiring or otherwise leaving the field or by faculty having the same level of training.

Unlike other medical fields that have access to a variety of sources of research support, most OHR is supported by the
National Institute of Dental Research (NIDR). Because of the anticipated demand for OHR, the number of training awards in
OHR and the resultant inability to replace an aging cadre of OHR scientists in faculties of dental schools, the committee
recommends a two-fold increase over the 1993 number of awards.

ADVANCES IN ORAL HEALTH RESEARCH

The history of OHR is closely related to the history of NIDR, which celebrated its 45th anniversary in 1993. Originally,
NIDR's mission was to "improve the oral health of the American people." At that time, oral health focused on caries (tooth
decay) because of its overwhelming prevalence. Initially, a group of intramural dental scientists took on caries research
largely through epidemiologic approaches. This was the beginning of the remarkable tale of fluoride as an effective public
health measure. The initial phase of epidemiology and prevention research has had a tremendous impact on every aspect of
dental education and dental practice and saves the American people an estimated $4 billion per year.

In recent years the scope of OHR has been greatly broadened. In addition to the emphasis on dental caries,
microbiologists and biochemists now deal with basic issues related to hard and soft oral tissues. The maturing of OHR has led
not only to the understanding of how tooth decay begins, but to the improved understanding of the infectious base of
periodontal diseases. These complementary discoveries have had major implications for the clinical management of oral
diseases.

In addition, researchers have made much progress in areas such as neurobiology, developmental biology, cellular and
molecular biology, oral microbiology and immunology, and materials science and imaging technology. Dental implants
illustrate one practical application of the results of recent oral health research.

ASSESSMENT OF THE CURRENT MARKET FOR ORAL HEALTH RESEARCH
PERSONNEL

A database on dental educators compiled by the American Association of Dental Schools (AADS) provides the best
available current information on the OHR labor force. Begun in 1981 this database includes all faculty appointments to dental
education institutions in the United States and is updated annually by a survey of AADS member institutions. It includes
information on age, gender, race, academic rank, appointment status (full or part-time), academic degrees held, and area of
primary appointment. Analysis of this database (Solomon, 1993) showed that the average age of OHR scientists increased
from 47.3 to 49.1 years from

Copyright © National Academy of Sciences. All rights reserved.
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1986 to 1992. Also, compared with all full-time dental school faculty, OHR scientists were somewhat older (48.6 to 49.1
years, 1992-1993). OHR scientists generally held higher academic rank than full-time dental school faculty. In 1992-1993, 73
percent of OHR scientists held senior rank (full or associate professor) compared with 65 percent of all full-time dental
faculty. From 1986-1987 to 1992-1993, the percentage of OHR scientists who identified their primary appointments as
clinical sciences decreased from 44 percent to 36 percent (comparative figure for all full-time faculty is 58 percent). As a
proportion of all OHR scientists, those holding the Ph.D. only (without a clinical degree) decreased somewhat (51 percent to
45 percent). No change was found for the dual-degree (D.D.S./Ph.D.) OHR scientists, whose proportion remained stable, but
the category "other" (predominantly clinical degree with or without Masters degree) increased from 4 to 10 percent of OHR
scientists (Figure 6-1).

Over the time of analysis, OHR scientists turned over (entered and left) by more than one-third (361 entered, 357 left).
Most entries were in their 30s and early 40s; departures were evenly spread over the age range of the faculty. Departing
faculty OHR scientists were more likely to hold a nonclinical doctorate than were entering OHR scientists.

These analyses indicate that OHR scientists are an aging group, approaching retirement. Although total numbers of OHR
scientists are staying constant despite declines in total faculty, reflecting increased emphasis on research in the schools, those
with Ph.D.s who leave seem to be replaced to a greater extent by those without Ph.D.s. This reflects the lack of growth in
training programs for OHR since 1985. It also suggests a concern for a decrease in competitive stature for grants for OHR
scientists among all research workers.

Other factors also contribute to the acute shortage of OHR scientists. Because of the undersupply of research workers for
dental institutions, OHR scientists tend to 1) not take postdoctoral training to the same extent as their competitors for research
grants; 2) get drafted into, or otherwise move too soon into, administrative positions; and 3) have insufficient available
mentoring capability existing in the institutions where they are employed. In addition, institutional support is generally
minimal, so that it is difficult to find start-up funds or bridge support.

Additional factors that contribute to the shortage of OHR scientists are similar to other areas of biomedical research.
These include low funding rates for grants, lower income possibilities in academic endeavors than in practice careers, and the
debt of graduating dental students. Dental students' debt is the greatest of all health care professionals: it exceeds $55,000 on
average and often exceeds $100,000.

OUTLOOK FOR ORAL HEALTH RESEARCH SCIENTISTS

Although much progress has been made, oral diseases remain among the most prevalent diseases in the United States.
More than 84 percent of children, 96 percent of adults, and 99.5 percent of those over 65 years of age in this country have
experienced dental caries. Many millions of Americans have one or more periodontal diseases or other oral disease. Over 17
million have lost all of their teeth. In 1989, 164 million hours were lost from work and 52 million hours were missed from
school because of dental conditions. In 1992, $38.7 billion was spent for dental services. By the year 2000 the annual cost for
dental health is expected to reach $62 billion.

Cancer of the oropharyngeal region is more common than leukemia, melanoma, Hodgkin's disease or cancers of the
brain, liver, bone, thyroid, stomach, ovary, or cervix. It affects primarily older Americans and causes approximately 8,000
deaths per year. The 5-year survival rate for oral cancer is 51 percent but only 31 percent for blacks.

Millions are at high risk for oral health problems because of other handicapping or medical conditions. These

1986 B Other ' o Al - 906

2 rhb.
E Dowble Dootorate

1989 N =925

1992

0% 20% 40% 60% B0% 100%

Figure 6-1 Percent academic degrees by academic year. Source: Solomon, 1993.
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conditions affect quality of life, including pain, ability to eat, speak, taste, and swallow. For example, cleft lip and palate
require extensive and expensive repair to avoid disfigurement. There are significant problems for individuals with
compromised immune systems, including those with acquired immune deficiency syndrome (AIDS). These problems include
oral candidiasis, hairy leukoplakia of the tongue, recurrent ulcers caused by Herpes simplex or other viruses, oral Kaposi's
sarcomas, and aggressive periodontal disease, including necrosis of alveolar bone. Infectious oral diseases increase risk for
endocarditis, brain abscesses, pneumonia, infection of prosthetic valves and joints, and systemic infection of individuals who
are undergoing organ or marrow transplants. Thus, OHR now addresses oral and dental health concerns across the life span,
and high risk and special populations are major targets of this research.

OHR needs more and better-trained scientists with specific interests in oral health. Training sites and mentors must
become magnets for the best and brightest of the graduates. They must also provide role models for students. Trainees must
be kept in the system, and factors that facilitate retention of oral health scientists already in the work force need to be
identified. It is extremely important to ensure that there are an adequate number of clinical research investigators and to
enhance the clinical faculty in dentistry. Finally, research results must be disseminated to practitioners and to the public.

No funding source other than the NIDR significantly supports OHR or training specifically for OHR. Continued support
of training through NIDR is essential to continued improvement of the quantity and quality of OHR personnel.

ENSURING DIVERSITY OF HUMAN RESOURCES

The percentage of women in the OHR scientist cohorts increased from 12.7 percent in 1986-1987 to 16.3 percent in
1992-1993, but the percent of women among all full-time dental faculty was still higher (18.7 percent, 1992-1993). Asians
and Hispanics increased in proportion slightly among OHR scientists over the period studied, but the percentage of black
OHR scientists decreased (2.6 percent to 1.7 percent). The OHR scientist group had a slightly higher representation of whites
and Asians than did full-time faculty in general.

Although the OHR scientist labor force is becoming more diverse (more women and Hispanics), women and minorities
are still under-represented. This is especially true for blacks.

NATIONAL RESEARCH SERVICE AWARD PROGRAM FOR ORAL HEALTH RESEARCH

Before the National Research Service Award program, dental training centered around clinical specialty training. Under
the NASA mechanism, the emphasis shifted to a primary focus on research) There are now 288 people in NIDR-supported
training programs for a research career, including approximately 160 in the NASA program, excluding dental students
supported under the T35 mechanism for short-term training. That number has been relatively stable throughout the 1980s and
1990s, although there has been a slight reduction in the NASA program. Of the 288 total, approximately half are clinical
researchers with a D.D.S. degree who are studying for a Ph.D. (counted as postdoctoral trainees); about 10 percent are
predoctoral students studying for the Ph.D.; and the remaining 40 percent are postdoctoral trainees who hold the Ph.D. or
D.D.S., including those in the NASA program as well as in other programs (Dentist-Scientists or Physician Scientists for
Dentists awards) (Table 6-1).

The NASA stipend varies with the number of years of experience after the last professional degree and it ranges from
$18,600 to $32,000. However, the Dentist Scientist Award (DSA) salary may go up to $50,000. The NASA mechanism has a
modest institutional allowance, approximately $2,500 for a postdoc on a training grant and $3,000 for a fellowship, whereas
the DSA includes significant support for research of up to $75,000 over the 5-year project period and mentors can receive
salary support. Under the NASA no salary is available for mentors. Within the NASA awards there is a distinction between
the fellowships and training grants. Full tuition and fees are supplied in training grants but not in fellowships.

Legislation that limits an NASA trainee to only 3 years of postdoctoral research experience is a significant problem for
support of OHR scientists. A dentist appointed to a training grant seeking a Ph.D. needs more than 3 years, especially when
concomitant clinical training is involved. Although the NIDR has been liberal in granting waivers and extensions, it would
ease recruitment if the legislated limit were removed.

A good evaluation mechanism for the effects of different types of training support is needed, so that differential impacts
of different programs can be known.

Programs in which dentists receive research training including the Ph.D. have been successful. Eighty-one percent of the
individual and 73 percent of the institutional DSA-eligible awardees who have completed all requirements of the DSA
program have obtained a placement in a health science setting (T. Valega, 1993).

Of the NASA graduates who began their training between 1975 and 1985, between 50 and 60 percent of those who
submitted project applications to NIH were subsequently funded. Clearly, both NIDR-supported NASA and DSA trainees are
able to compete successfully for grants. In Figures 6-2 and 6-3 the positive relationship between months of training and
success in obtaining grants is clear. There is also a positive relationship between degree and research grant history
(Figure 6-4).

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 6-1 Aggregated Numbers of NASA Supported Trainees and Fellows in Oral Health Research for FY 1991
throush FY 1993
Type of Support

Fiscal Year Level of Training TOTAL Traineeship Fellowship

1991 Number of awards 218 186 32
Predoctoral 78 78 0
Postdoctoral 140 108 32

1992 Number of awards 213 178 35
Predoctoral 77 77 0
Postdoctoral 136 101 35

1993 Number of awards 127 105 22
Postdoctoral 97 96 1
Predoctoral 127 105 22

NOTE: Based on estimates provided by the National Institutes of Health. See Summary Table 1.
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Figure 6-2 Individual NASA (F32) trainees: relation between months of training and research grant history,
1980-1990 (based on individuals who began training between 1975 and 1985). Source: National Institute of Dental
Research, 1991.
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Figure 6-3 Institutional NASA (T32) trainees: relation between months of training and research grant history,
1980-1990 (based on individuals who began training between 1975 and 1985). Source: National Institute of Dental
Research, 1991.
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Figure 6-4 NASA trainees: relation between degree and research grant history, 1980-1990 (based on individuals
who began training between 1975 and 1985). Source: National Institute of Dental Research, 1991.
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Figure 6-5 Percent of NIDR research grants (R01, R23, R29, R37) by degree of principal investigator and research
category: FY 1990-1992. NOTE: "Other" category includes M.D., M.D. + Ph.D., D.V.M. and non-postdoctoral
degrees.

Source: National Institute of Dental Research, 1993.

Figure 6-5 considers the types of academic training associated with the area in which research was performed. This
could be used to provide an indication of the background needed for scientists to conduct clinical, basic biomedical, and
behavioral research. Investigators having a dental degree, either alone or with a Ph.D., predominated for clinical research.
Among biomedical research projects the investigators having only the Ph.D. predominated. No differences were found
between the investigators having dental degree or only the Ph.D. for projects classified as primarily behavioral. These
findings support the need for appropriately trained individuals having at least a dental degree to provide a future adequate
cadre of clinical oral health researchers.

RECOMMENDATIONS

Program Size

Because of rapid advances in biological and physical sciences, the opportunity for advancing oral health has never been
greater. However, there is an alarming shortage of trained researchers in oral health to take advantage of those opportunities.

Graduates of NASA and DSA programs supply, on average, fewer than one clinical scholar or potential clinical scholar
per dental school per year. At least 200 graduates per year are necessary to supply the institutions' needs (Kennedy, 1990),
roughly four times the number being produced. Thus there is a shortage from two points of view: one, to address the research
needs and two, to fill faculty slots with capable researchers. At least half of a dental school faculty should be clinical scholars.
The other half, though perhaps not researchers, should be scholarly clinicians, that is, critical about the literature, critical
about what they are teaching, and critical about their patients' needs. Research training fulfills both needs of a clinical faculty.

Looked at in another context, dental institutions are a small but important consumer of Ph.D.s who do not hold clinical
degrees. However, nobody but the OHR community and dental institutions has concern for the D.D.S./Ph.D. supply that is
critical to maintaining the quality and quantity of research related to oral health. Dental schools today are not able to find
sufficient numbers of D.D.S./Ph.D.s to fill available faculty positions.

There are clear indications that the clinical degree is important to site of employment after training has been completed.
In 1985 Littleton and his colleagues reported that 62 percent of D.D.S./Ph.D.s trained with NIDR support could be found on
faculties of dental institutions, whereas only 31 percent of all NIDR postdoctoral trainees were employed in dental
institutions (Littleton, 1985). It is thus important to the future of OHR that people with clinical

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4750.html

o
=}
2

=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

K

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S

E

-
o
c

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
(o)

K

=]
£
o
2

E

°
9]

)
@
)
2
G
0

Kl

=

-

=

X
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
3]

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

é

=

L

[a]

o

R

<

=]
=
=}
o

a

<

(0]
(2]
4]
o
o
=
(0]
©
(0]
(2]
£
>
IS
g
c
[0
o
Q
(]
[v]
C
(0]
[0
O
[0
>
©
N
>
(0]
€
w
2
o
o
=
(0]
XS}
<
Q.
[0
©
(2]
o
o
>
Z
[0
£
(o]
%)
©
C
©
=
[0
=
©
T
(0]
o
[0}
Ke]
=
[e]
c
C
(]
[&]
.
[0
>
[
2
o
N
-
C
=
(]
=
£
o]
S
ko)
=
[$]
[
Q.
P
[®)]
C
=
(0]
(7]
[0
o
>
Z
-
(0]
L
<
(o]
T
C
(]
@
92
>
=
)
()]
£
©
s3]
(0]
<
4
x
4]
(0]
o
o
e)
o
o
2
&
L
=
()]
c
K]
[0
£
]
£
=
2
o
(0]
L
=
[e]
ie

o
e
=

>3
e
=
s
=]

©
=

[}
Rel

c
ke

7

&2

o

>

[
=
=

©
8
=

e}
=
=

=1

®©

[}
<
s

(2]

©

c
)
=

T

o
o)

>

a
8
=
=
h

s}

c
9o

7]

&2

o

>
=

c
=

S

©
<
=]

©

7}

S

dical and Behavioral Scientists

ORAL HEALTH RESEARCH PERSONNEL 70

degrees be encouraged, through adequate training support, to enter the research work force.

There is an acute need for clinical dental researchers and OHR workers in general. The National Research Council's
1985 report called for 320-400 new clinical dental research trainees annually, but the NIDR has been unable to carry out this
recommendation because funds were not available. A significant increment in training would substantially alleviate the
shortage of OHR personnel.

We need to produce about 260 graduates per year. This estimate includes needs for researchers in dental schools and
other settings. About 30 percent of NIDR's total research support goes to non-dental school institutions. If the current
distribution between NASA and other mechanisms remains constant, roughly half should be supported by the NASA
mechanism (130 per year). At 3-5 years per finished trainee, this would be 390-650 in training through the NASA
mechanism; the current total through the NASA is 213 and for all NIDR mechanisms is only about 300.

There is need and rationale, therefore, for a tripling to quadrupling of training for OHR (Table 6-2). Realistically,
however, the need is better met incrementally rather than abruptly to ensure that existing high-quality training sites are not
overloaded and to stimulate identification and development of additional high-quality sites.

RECOMMENDATION: The committee recommends that the total number of training positions available for
preparation in oral health research double from approximately 210 positions in fiscal 1993 to 430 positions in fiscal
1996 and remain steady thereafter.

Need for a Dental Scientist Training Program

The Medical Scientist Training Program (MSTP) offers an integrated program of medical and graduate training leading
to the combined M.D. and Ph.D. degrees. The success of that program (see Chapter 5), coupled with the demonstrated
success of D.D.S./Ph.D. or D.M.D./Ph.D., suggests that OHR would benefit from the development of a Dental

TABLE 6-2 Committee Recommendations for Relative Distribution of Predoctoral and Postdoctoral Traineeship and
Fellowship Awards for Oral Health Research for FY 1994 through FY 1999 Fiscal Type of Support

Type of Support
Fiscal Year Level of Training TOTAL Traineeship Fellowship
1994 Recommended number of awards 260 200 60
Predoctoral 125 100 25
Postdoctoral 135 100 35
1995 Recommended number of awards 345 230 115
Predoctoral 210 130 80
Postdoctoral 135 100 35
1996 Recommended number of awards 430 265 165
Predoctoral 290 160 130
Postdoctoral 140 105 35
1997 Recommended number of awards 430 265 165
Predoctoral 290 160 130
Postdoctoral 140 105 35
1998 Recommended number of awards 430 265 165
Predoctoral 290 160 130
Postdoctoral 140 105 35
1999 Recommended number of awards 430 265 165
Predoctoral 290 160 130
Postdoctoral 140 105 35

Copyright © National Academy of Sciences. All rights reserved.
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Science Training Program (DSTP) that is analogous to the MSTP under the auspices of the NASA legislation.

RECOMMENDATION: The committee recommends that one-quarter to one-half of the new positions available
for training in OHR in fiscal 1994 and beyond be used by NIDR to establish a Dental Scientist Training Program
(DSTP) under the NASA act.

Other Considerations

Additional suggestions for improving the NASA for training OHR scientists have emerged in committee discussions.
Some of these suggestions are similar to those from other fields and are included in the overall recommendations of this
report. Other suggestions are unique to OHR, and are mentioned in the paragraphs that follow.

Legislated policy requires that individual awards comprise at least 15 percent of the total NASA allocation by the
funding institute, but there is no clear rationale for the policy. NIDR sometimes has difficulty meeting the 15 percent
requirement for awards to individuals, and there is great demand for institutional awards. It is possible that institutions are
competing for the best students through the institutional training mechanism, leaving relatively few students for the pool of
individual applicants. The committee believes that the 15 percent requirement for individual awards for NIDR should be
rescinded.

The long-term effectiveness of short-term exposure to research experiences needs to be evaluated. At present, the NIDR
uses the T-35 mechanism to draw dental students into research careers. However, this particular mechanism is limited to 4
percent of the NASA funds. The committee suggests that this limitation be evaluated not only for the long-term effect but
also to explore whether the mechanism should be extended for other purposes, such as retraining, encouraging minorities and
women to enter research tracks, and stimulating clinical research.

Completion of a Ph.D. after a dental degree generally requires more than 3 years. Also, other sources of support for
continuing such studies (e.g., Howard Hughes Institute, clinical revenues) are not generally as available for dentists as they
may be for physicians. The committee suggests that doctoral support be provided for 5 years and beyond for dentists making
satisfactory progress toward a Ph.D. under an NASA.

Finally, because of the disincentive for entering research training that is inherent to the heavy debt load of dental
graduates (currently the highest of all health professional graduates at greater than $55,000, on average), loan forgiveness
would provide an incentive. The committee believes that a loan-forgiveness incentive should be provided as a feature of
NASA programs.

In summary, what is particularly needed in OHR are appropriately trained personnel to carry out a broadened scope of
research. There is an alarming personnel shortage of research-trained full-time dental faculty. Many challenges continue to
arise as the twenty-first century approaches. These challenges require enhanced resources and flexibility as well as continued
cooperation and collaboration among programs and institutions if they are to carry out the mandate of Congress to improve
the oral health of the American people.

NOTES

1. Much of the material in this chapter is based on the views of experts who convened a one-day workshop on July 9, 1993, in
Washington, DC (Lathrop and Ranney, 1993).

2. There are two major programs for training OHR scientists through NIDR support, the NASA and the Dentist/Physician
Scientist Award (DSA). NIDR's portfolio in the NASA includes the following:

« F-32, individual postdoctoral fellowship;

+ F-33, individual senior postdoctoral fellowship for senior faculty members;
« F-35, intramural training grant;

« T-32, institutional training grant; and

+ T-35, short-term summer training grant.

The DSA/PSA programs include the following awards:

« K-11, individual physician-scientist award for dentists;
e K-15, individual dentist-scientist award; and
» K-16, institutional dentist scientist award.

The F awards (fellowships) are all postdoctoral awards, either post Ph.D. or post clinical doctorates. These postdocs receive
the traditional postdoctoral research training and, in the case of clinical doctorates, that may include earning a Ph.D. during
postdoctoral training. The T awards (training grants) can include predoctoral students. These people have bachelor's or
master's degrees and usually are in a program to obtain a Ph.D. In rare cases, such as in biomaterials or epidemiology, they
stop at a master's level. The T-35 short-term grants are specifically for dental students. The physician-scientist award for
dentists and the dentist-scientist awards appoint only dentists. All of these DSA appointees are in a program to obtain a
Ph.D.<End Popup Text>

REFERENCES

Kennedy, J.E. 1990 Faculty Status in a Climate of Change. Journal of Dental Education 54(5).

Lathtop, L. and R.R. Ranney 1993 Proceedings of Meeting on National Needs for Oral Health Research Personnel. National Academy of
Sciences, Washington, D.C., July 9, 1993. Unpublished summary. September, 1993.

Littleton, P.A., L.J Brown, and E.S. Solomon 1985 The Relationship Between National Institute of Dental Research (NIDR) Supported
Research Training and Careers in Dental Research . Unpublished report. March, 1985.

Solomon, E.S. 1994 The Oral Health Research Work-Force. To be published in Journal of Dental Education.

Valega, T. 1993 Report to Meeting on National Needs for Oral Health Research Personnel, National Academy of Sciences, Washington,
D.C., July 9, 1993. See Proceedings of Meeting (Lathrop and Ranney, 1993).

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4750.html

edical and Behavioral Scientists

72

ORAL HEALTH RESEARCH PERSONNEL

‘uonnNguile 1o} UOISISA aAlle}lIoyIne sy} se uopedlgnd sy} Jo uoisiaa julid ayj asn
aseo|d ‘paMasul Ajjelusplooe usaq aAney Aew siolie olydesbodA} swos pue ‘paulelal 8q jouued ‘Janamoy ‘Buijewloy ooads-buipiasadAy Jayjo pue ‘sojAls Buipeay ‘syealq piom ‘syjbus| aul| ‘[euibuo ay} 0}
anJ} ale syealq abed "sajiy BuzasadAy [euibuo sy} wody jou ‘yooq Jaded [euiblo sy} woly pajeald sajl X wolj pasodwodal usaqg sey ylom |eulblio sy} jo uonejuasaidal [eybip mau siyl :8J 4ad SIUl Inogy

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4750.html

o
=}
2

=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

K

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S

E

-
o
c

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
(o)

K

=]
£
o
2

E

°
9]

)
@
)
2
G
0

Kl

=

-

=

X
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
3]

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

é

=

L

[a]

o

R

<

=]
=
=}
o

a

<

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

to the original; line lengths, word breaks, heading styles

use the print version of this publication as the authoritative version for attribution.

dical and Behavioral Scientists

NURSING RESEARCH PERSONNEL 73

Chapter Seven

Nursing Research Personnel

Nursing research addresses critical issues of nursing practice and health care. It seeks to understand problems of living
with acute and chronic illness, factors associated with health promotion and disease prevention, and the impact of nursing
systems. Research on acute and chronic illness focuses on patient and family responses to illness and disability, the biological
and behavioral factors that contribute to these conditions, and ways to improve or remedy them. Health promotion and
disease prevention research focuses on maintaining and improving general health status among diverse populations through
effective nursing and health care practice interventions. It concerns such issues as pregnancy, health behavior, adolescent
health habits, dieting practices, smoking and health behavior, as well as early detection and treatment of particular diseases or
conditions. Nursing systems research focuses on patient outcomes, new approaches to quality nursing services to improve
patient care, studies of innovative nursing care delivery models, and issues of clinical decision-making.

In recognition of the important role nursing research plays and the potential of its future contributions to the health and
welfare of the American people, the National Center for Nursing Research, established in 1986, became the 17th institute
(National Institute of Nursing Research, NINR) the National Institutes of Health (NIH ) on June 17, 1993. The primary
mission of NINR is to provide a strong scientific base for nursing and health care practice. Medical research focuses on
finding better ways to diagnose and treat illness, and nursing research complements it by focusing on people's responses to
illness and treatment. For example, a medical researcher might study how to diagnose the human immunodeficiency virus
(HIV) earlier or which drugs and what doses are best to combat HIV infection. A nurse researcher might study the symptoms
associated with HIV, such as muscle wasting and pain. Nursing research aims to develop interventions to maintain or
improve the patient's quality of life and functional status.

With the enactment of the Health Research and Health Services Amendments of 1976 (P.L. 94-278), the NASA training
authority was extended to include the research training programs administered by the Division of Nursing of the Health
Research and Services Administration. As a result, the National Research Council in 1977 described changes taking place in
the composition of the nursing research labor force and training needs and specified how NASA funds might contribute to the
production of scientists in this area. Nursing research as the 1977 study committee noted in its report (NRC, 1977)
complements biomedical and behavioral research by focusing on health outcomes and improved patient care.

Since the inclusion of nursing research in the NASA program in 1976, nursing research and nursing research training
have undergone many organizational changes within the federal government, ultimately resulting in the appearance last year
in the National Institute of Nursing Research (NINR). NINR has a strong commitment to support research training. Its
National Research Service Award (NASA) program has primarily funded predoctoral fellows and trainees. However, there is
a great need to increase the support for nurse researchers at the postdoctoral level and to shift toward a balance in the
distribution of funding for predoctoral and postdoctoral fellows and trainees.

ADVANCES IN NURSING RESEARCH

Nursing research may be considered to be organized into three general categories: acute and chronic illness, health
promotion and disease prevention, and systems of care. Advances in each of these three overall areas of nursing research are
summarized below.

Copyright © National Academy of Sciences. All rights reserved.
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Acute and Chronic Illness

Research topics on nursing care of acute illness range from sleep-wake patterns of preterm infants in the neonatal
intensive care unit to the biobehavioral factors affecting recovery after a myocardial infarction. Nursing studies of chronic
illness address pain assessment and management, stress, orientation and cognitive dysfunction, and adaptation to decreased
functional status (Hester, et al., 1990). They also address symptom management for diverse diseases and conditions such as
fatigue, dyspnea, nausea and vomiting, anxiety, cognitive impairment, and sleep disturbances, as well as symptoms of
specific diseases (McCorkle et al., 1994).

There is a renewed focus in nursing research on the application of state-of-the-art biological and behavioral theory and
measurement to the clinical problems patients experience with illness and medical treatment. For example, one such study is
measuring the effects of self-management biofeedback therapy on the frequency of complex ventricular ectopia, events of
sudden cardiac arrest, survival rate, and enhanced heart rate variability in subjects after an episode of sudden cardiac arrest
(Cowan et al., 1991). Other studies are investigating factors related to breast cancer, colorectal cancer, and depression after
stroke. Investigators are combining data across studies in the areas of depression and biological immune responses (Johnston
et al, in press; Tax et al., in press).

Nursing studies also examine the effectiveness of nursing procedures, such as open versus closed endotracheal
suctioning. They compare different modes of oxygen delivery to patients with chronic lung disease and develop accurate tests
for confirming correct nasogastric tube placement at the bedside (Rudy et al., 1991). Other procedures being investigated
include feeding and handling of infants in the neonatal intensive care units, wound healing of decubiti, and behavioral
strategies to maintain the functional independence of cognitively impaired nursing home residents.

Nursing research holds great promise for increasing the effectiveness of patient care and improving the quality of life for
patients and their families. New discoveries enhance the potential for new and effective approaches to nursing.

Health Promotion and Disease Prevention

Nursing studies of health promotion and disease prevention examine ways in which behavioral change can be effected to
improve quality of life and encourage avoidance of health risks across the life span. Descriptive and correlational studies
have predominated in the past, exploring such variables as mental health in postpartum mothers, neurometric measures of
premenstrual syndrome, weight management, fatigue, exercise regimens, and perimeno-pausal phenomena (Shaver et al.,
1992). Studies of intervention programs such as educational programs for school-age children are also conducted.

Most health problems are complex and are linked to behavior and lifestyle. They require multidisciplinary approaches
that combine knowledge from the biological, environmental, and behavioral sciences. Nurse investigators are seeking ways to
tap into the extraordinary advances in the basic biological and behavioral sciences to better understand how healthy behaviors
are established and maintained. For example, nurse researchers investigate positive and negative health behaviors in
childhood and early adolescence and their linkage to individual, family, social, biological, and environmental factors. They
work with colleagues in the biological sciences to test interventions such as exercise and counseling.

Women's health is another area of expanding interest for nursing research, including childbearing, nutrition, exercise,
normal developmental processes, and stress and adaptation to life transitions (Woods et al., 1993). The large studies on
women's health issues initiated by NIH will provide additional opportunities for nurse researchers to study the biological,
behavioral, and social factors that contribute to health and disease and to test interventions that will promote health and
prevent disease.

Systems of Care

Nurse researchers are evaluating the clinical context in which health care is provided, the process of nursing care, and
organizational factors that affect patient outcomes and quality of care delivery. For example, the cardiovascular effects of
noise and light have been studied in neonatal intensive care units and coronary care units. Other studies have documented the
cost effectiveness of nurse-coordinated care from the hospital into the home for high-risk populations such as very-low-birth-
weight infants, women with high risk pregnancies, and frail older people (Brooten et al., 1986).

A unique and challenging area of research is the exploration of bioethical issues in health care delivery. There is a
tremendous need for empirical studies of treatment decisions, especially as they relate to advanced medical technologies and
access to innovative therapies.

A major challenge for nurse investigators is the identification and measurement of interventions and clinical end-points
of nursing care that are cost effective. New modes of health care delivery and financing will continue to exert pressures to
develop measures of care that can monitor appropriateness and quality of care. To answer research questions related to these
issues, nurse investigators often collaborate with researchers in health services research and other disciplines.

Copyright © National Academy of Sciences. All rights reserved.
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Nursing studies utilize a variety of methods and measures, integrating knowledge across disciplines in an effort to
understand human behavior, health, and disease in the context of the individual, the family, and the social and cultural
environment. These complex clinical questions require the talents and perspectives of many disciplines as well as the
expertise of nurses in clinical practice, who ask provocative questions about the patient care they are providing.

ASSESSMENT OF THE CURRENT MARKET FOR NURSING RESEARCH PERSONNEL

Approximately 12,000 nurses with doctoral training in the sciences were employed in the U.S. work force in 1992, up
from 4,108 in 1980 (Bureau of Health Professionals, 1991). Even with this increase in numbers of doctorally prepared nurses,
the gap between supply and demand remains large. Nurses often begin their research careers at midlife, with an expansion of
interests grounded in clinical experience. Clinical research is a strength of nursing research, with questions for basic
biomedical and behavioral research most often emanating from clinical questions being asked. Research opportunities are
expanding for nurses, both within academia and in hospitals and other clinical settings (Moses, 1993). The number of nurse
researchers in clinical settings is growing. In 1984, 9.3 percent of doctorally prepared nurses worked in hospitals (Moses,
1986), whereas by 1988 it was estimated that 14 percent were working in hospitals (80 percent employed as faculty and 6.
percent in other areas). In 1992, 18.5 percent of doctorally prepared nurses were employed in hospital settings (63.4 percent
in nursing education and the remainder in other categories). Nurses with doctorates in nursing are more likely to be employed
in nursing (4,141) than in nonnursing work (100). Nurses with doctorates in related fields also tend to be employed in nursing
positions (5,421), but increasing numbers are finding positions outside of nursing (1,622) (Moses, 1993). The average salary
for nurses with doctorates employed in universities and 4-year colleges was $54,468 in 1992 (AACN, 1992).

There is little influence of non-U.S. citizens on the scientific labor force in nursing because most non-U.S. citizens
return to their countries of origin after doctoral study.

OUTLOOK FOR NURSING RESEARCH PERSONNEL

The need for skilled research personnel in nursing is expected to expand in the decades ahead. Several new initiatives
are proposed to test innovative community-based strategies to provide for health promotion and disease prevention activities,
especially for high-risk populations. There is new interest in the implications of cultural diversity for health and for
developing effective health care interventions. Nurse researchers have developed a track record in this area of research with
vulnerable populations and have the collaborative networks established to expand in this area.

A very small proportion of nurses enrolled in doctoral nursing research programs receive NASA support. NINR
supported 261 NASA positions in 1991. This number represented 9 percent of the total number of students enrolled in
nursing doctoral programs and 22 percent of those who were full time students (Bednash et al., 1993).

Many nurses in research training programs study part time because of the lack of resources and the need to work.
Financial support for doctoral or postdoctoral study in nursing research is basically nonexistent from nongovernment
resources. Nurses completing doctorates in nursing report the highest percent of primary support from personal resources (73
percent compared with the biomedical sciences (22.1 percent) and behavioral sciences (59.4 percent). Nurses also report the
lowest percent of support from the university (7.2 percent) compared with biomedical sciences (52.3 percent) and behavioral
sciences (32.3 percent). Federal support for nurses with degrees in nursing and the biomedical or behavioral sciences was
lower than federal support for nonnurses (Survey of Earned Doctorates, 1993).

More nurses with doctorates are needed as faculty for schools of nursing. Only three-fifths (59.7 percent) of nurse
faculty members with full-time appointments in schools of nursing offering doctoral programs hold earned doctorates. And
only one-quarter (24.7 percent) of the faculty in institutions offering the baccalaureate degree hold a doctorate (Bednash et
al., 1993). Nursing still has a great distance to go before its academic faculty are fully prepared educationally.

Another concern is the age of nursing school faculty. The mean age for faculty in schools with doctoral programs is 49.2
(Bednash et al., 1993). If young nurse scientists are not trained and recruited to academic institutions, there will be few well-
qualified researchers to replace the present pool of scientists as they retire in the next two decades.

Most of the projections of need for nurses with doctoral preparation have focused on predoctoral training and have not
addressed the needs of nurses with a basic research preparation to build a program of research. Because there is such a
tremendous demand for nurses with doctorates in schools of nursing, faculty have many other teaching responsibilities and
often delay developing an active program of research. Fewer than 50 nurses were supported in 1992 by the NASA program
for postdoctoral study.

There is also a growing demand for nurses with doctorates in service settings where the focus is on clinical research,
clinical therapeutics, and quality of care. The small supply of nurses with doctoral research preparation con

Copyright © National Academy of Sciences. All rights reserved.
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trasts with the large demand for more researchers to generate nursing information and necessitates formulation of a plan to
revitalize funding for nursing research training.

ENSURING DIVERSITY OF HUMAN RESOURCES

Minorities
Although the number of minority nurses with doctoral preparation has steadily increased since 1985, minorities
represent a very small proportion of faculty members in schools of nursing. Table 7-1 displays relative distribution of U.S.
nursing school faculty by racial and ethnic composition in 1992. If we are to adequately address issues of minority
representation and health concerns, recruitment of minorities into doctoral programs and as faculty members is a high priority.

Age

On average, nurses completing doctoral work are a decade older than their colleagues in other disciplines. They are
moving into clinical practice after obtaining a bachelor of science degree and a master's degree, and proceeding into advanced
clinical practice or academic roles before entering doctoral programs. This lock-step career progression does not encourage
talented young nurses to pursue an interest in research training early in their careers. Table 7-2 shows the relative distribution
of basic biomedical science and nursing work force by gender and age. In 1992 the mean age of assistant professors with an
earned doctorate was 46.8 years.

Gender

Despite efforts to attract men to this area, nursing research continues to be dominated by women. Between 1985 and
1991, 96.5 percent of people with nursing doctorates were women and only 3.5 percent were male.

THE NRSA PROGRAM IN NURSING RESEARCH

Research training and career development are a major component of the long-range plan of the NINR and have
consistently received strong interest from Congress. The NINR supported a total of about 255 trainees in 1991 and 1992
(Table 7-3), although more trainees were supported in 1991 and 1992 than in 1993. The number remains well below the level
recommended by the National Academy of Sciences of 320 trainees by 1990 (NRC, 1985). Only 16 percent of trainees
funded are in postdoctoral training, a figure which has remained relatively constant since 1988.!

Table 7-4 provides data on the total number of trainees (FTTPs) supported by year and by individual (F31, F32, and
F33) and institutional (T32) awards through 1990. The proportion of individual fellowships to traineeships plateaued at
approximately 60 percent individual and 40 percent institutional awards in 1989.

As of FY 1992, there were 18 institutional awards. The number of institutional awards is expected to increase gradually
as programs of research develop within the schools of nursing that are research intensive (NINR files).

The individual award (F31 and F32) has provided nurses with the flexibility to create programs of study within
geographic proximity to their homes and to cross discipline boundaries, obtaining doctorates in a variety of health-related
fields. Individual trainees have been encouraged to create a team of mentors, led by one primary sponsor, who can provide
the specific expertise in methods, measurement, and clinical content that fits the needs of the student.

NASA postdoctoral support increased from 14 full-time training positions (FTTPs) (8 percent of total FTTPs) in 1986 to
42 FTTPs (16 percent of total FTTPs) in 1992 (Table 7-3). The benefits of postdoctoral study are begin

TABLE 7-1 Relative Distribution of U.S. Nursing School Faculty by Racial and Ethnic Composition, 1992 (All Faculty)

Racial and Ethnic Category Number Percent
White 6,959 91.8
Black 391 52
Hispanic 95 1.2
Native American 20 0.3
Asian 108 1.4

Source: American Association of Colleges of Nursing, 1992.

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/4750.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.

dical and Behavioral Scientists

NURSING RESEARCH PERSONNEL 71

ning to be recognized in the nursing research community. However, with the current funding levels of postdoctoral trainees
and fellows combined with an attractive job market and the average age of 41 for nurses completing doctoral study, it is
difficult to attract large numbers into the program.

TABLE 7-2 Relative Distributiona of Nurses with Doctorates Compared with the Basic Biomedical Science Work Force
by Gender and Age, 1991

Gender
Age Group Nurses with Doctorates® Biomedical® Men Women
TOTAL N 11,235 91,959 70,309 21,605
25-29 % 5 2.4 2.0 3.9
30-34 4.8 13.1 11.3 18.7
35-39 10.0 22.2 20.7 26.8
40-44 26.9 19.9 194 214
45-49 16.0 18.4 19.4 15.1
50-54 18.6 11.6 12.9 7.4
55-59 15.0 6.5 7.5 33
60-64 4.7 4.0 4.5 2.3
65-69 3.6 1.8 2.0 0.9
70+ 7 0.2 0.2 0.2
Total 100.8 100.1 99.9 100.0
(Median Age) (47.0) (42.0) (43.6) (39.1)

2 In percent, may not total 100 because of rounding.

b Moses, 1993.

¢ Includes Ph.D. holders working in biomedical science fields and includes postdoctorates.
Source: National Institute of Nursing Research, special tabulations, 1993.

To date, most of the NINR's NRSA program has supported predoctoral fellows and trainees because of the urgent need
to increase the number of adequately prepared researchers. Less than 20 percent of the awards support postdoctoral research
training. Efforts need to be expanded to encourage nurses who recently have completed their doctoral studies to pursue
postdoctoral training. Increases in the stipends will be a first step in recognizing the need to provide financial incentives.

These issues underscore the need to incorporate creative and flexible procedures for managing NRSA awards, such as
allowing interrupted appointments for other work and personal responsibilities. Multiple alternative methods for research
training need to be developed to decrease the time needed for nurses to complete their doctorates after obtaining their
professional nursing degrees and to enhance their research productivity.

RECOMMENDATIONS

In fiscal 1993, NINR had approximately 236 positions available for NRSA awards.” An increase in positions is needed
to increase the number of well-qualified nurse researchers in the field and to advance the science of nursing research.

Program Size

On the basis of the number of doctoral programs in nursing and the number of research-intensive environments, an
adequate infrastructure already exists within the nursing re

Copyright © National Academy of Sciences. All rights reserved.
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search community to respond to an increase in the number of awards. The growth in the number of schools with research-
intensive environments is expected to continue, thus providing a sufficient number of programs and resources for an
expanded NRSA program in nursing research.

TABLE 7-3 Aggregated Numbers of NRSA Supported Trainees and Fellows in Nursing Research for FY 1991 through
FY 1993

Type of Support

Fiscal Year Level of Training TOTAL Traineeship Fellowship

1991 Number of awards 255 93 162
Predoctoral 220 67 153
Postdoctoral 35 26 9

1992 Number of awards 257 103 154
Predoctoral 217 75 142
Postdoctoral 40 28 12

1993 236 112 124

Predoctoral 188 76 112
Postdoctoral 48 36 12

NOTE: Based on estimates provided by the National Institutes of Health. See Summary Table 1.

With the proposed changes in health care reform, continued development of a strong scientific base from nursing
research for practice is essential for preparing advanced practice specialists to care for the rapidly changing needs of high-risk
and underserved patient populations.

RECOMMENDATION: The committee recommends that the number of positions available for preparation in
nursing research increase from approximately 236 awards in fiscal 1993 to 500 positions in fiscal 1996. These
positions should be phased in yearly as properly qualified candidates and training sites present themselves
(Table 7-5).

Balance in Mechanisms of Support

Because nursing research is a burgeoning field of science, there is a critical need to have an increased number of highly
trained nurse researchers to develop information that is at the cutting edge for nursing practice and health care. Support for
research training at the predoctoral level must be expanded to increase the number of nurse researchers prepared at the
postdoctoral level. As the number of NRSA positions increase by the year 1999, there will be a progressive shift toward an
eventual balance between the proportion of funding to predoctoral and postdoctoral fellows and trainees.

NRSA awards at both pre-and postdoctoral levels remain the primary mechanism for financial support for training of
nurse researchers. There is a critical need to prepare an adequate pool of qualified nurse researchers to fill the

TABLE 7-4 Numbers of NRSA Supported Trainees and Fellows Supported bv NINR in FY 1986 through FY 1990.

Type of Support
Training Grants
Fiscal Year Number Positions Fellowships TOTAL POSITIONS
1986 2 14 151 165
1987 9 36 131 167
1988 11 55 131 186
1989 12 69 150 219
1990 16 89 168 257

Source: National Institute of Nursing Research, Special Tabulations, 1993.

Copyright © National Academy of Sciences. All rights reserved.
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demands for faculty positions in research-intensive environments. Flexible and creative mechanisms must be established to
meet the increasing demand for qualified faculty in research-intensive environments.

TABLE 7-5 Committee Recommendations for Relative Distribution of Predoctoral and Postdoctoral Traineeship and
Fellowship Awards for Nursing Research for FY 1994 through FY 1999

Type of Support
Fiscal Year Level of Training TOTAL Traineeship Fellowship
1994 Recommended number of awards 340 130 210
Predoctoral 290 95 195
Postdoctoral 50 35 15
1995 Recommended number of awards 420 160 260
Predoctoral 360 120 240
Postdoctoral 60 40 20
1996 Recommended number of awards 500 195 305
Predoctoral 430 145 285
Postdoctoral 70 50 20
1997 Recommended number of awards 500 195 305
Predoctoral 430 145 285
Postdoctoral 70 50 20
1998 Recommended number of awards 500 195 305
Predoctoral 430 145 285
Postdoctoral 70 50 20
1999 Recommended number of awards 500 195 305
Predoctoral 430 145 285
Postdoctoral 70 50 20

RECOMMENDATION: As the number of awards in nursing research expands, emphasis should be given equally
to the development of predoctoral and postdoctoral awards.

NOTES

1. The predoctoral/postdoctoral split in nursing research was 86 percent/14 percent in 1988, 85 percent/15 percent in 1989
and 84 percent/16 percent 1990.

2. According to the National Institute for Nursing Research, the number of positions in 1993 was reduced due to an increase
in predoctoral stipends in the absence of budget adjustments.
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Chapter Eight

Health Services Research Personnel

Health services research is an interdisciplinary field of research that seeks to understand the impact of organizational
characteristics, financing, health personnel, and technology on the use of health services, quality of care, patient outcomes,
and cost. The field draws on a wide range of disciplines, including biostatistics, epidemiology, sociology, health economics,
medicine, nursing, engineering, management, and psychology. Its national importance is broadly recognized by providers,
administrators, employers, insurers, and state and national policymakers who are seeking solutions to problems of escalating
health care costs, erosion of access to care, concerns about the quality of care, and the overall health status of Americans.
This field provides the information that is being used to design health care reform proposals and will be the source of
information on the impact of any future health care reforms.

In recognition of increasing need for policy-relevant inf