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ABSTRACT

This report presents detailed findings on a broad range of issues
concerning the importance of postdoctorals to the nation's research
effort and the value of postdoctoral experience to young scientists
and engineers pursuing careers in research. Although in both respects
the postdoctoral appointment has proven to be an important institu-
tion, some serious concerns have arisen in recent years regarding its
present and future role. The report identifies as issues of particu-
lar concern:

(1) the lack of prestige and research independence in
postdoctoral appointments for the most talented
young people;

(2) the mismatch between the important role that post-
doctorals play in the nation's research enterprise
and the lack of opportunities that they find for
subsequent careers in research;

(3) the lack of recognized status of postdoctoral
appointments in the academic community; and

(4) the underutilization of women and members of
minority groups in scientific research.

Four specific recommendations are made in the report:

A, Establishment of 250 federally supported, portable
postdoctoral fellowships annually, for specially
qualified young scientists and engineers-—with
2-year stipends competitive with employment
salaries and with some research expense funds to
foster innovative research.

B. Establishment of 50 additional fellowships a year,
similar to those described above, but expressly
for minority Ph.D. recipients.

C. Establishment, at every university with sizable
numbers of nonfaculty research personnel, of a
standing committee on postdoctorals and other non-
faculty doctoral research staff to review the situa-

vii
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tions of members of these groups on its campus and to
recommend university policies.

D. Expansion of the National Science Foundation's longitu-
dinal data-gathering effort to include a survey
specifically focussed on career decisions of young
scientists and engineers.

Beyond these specific recommendations, the committee believes
that the entire postdoctoral institution is in a state of transition
and must be reexamined by federal and university policymakers. This
report, which is the first comprehensive study of postdoctorals in
science and engineering in more than 10 years, should prove valuable
as a primary resource for these reevaluations.
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1. THE STUDY

This report presents the findings and policy recommendations of
the Committee on Postdoctorals in Science and Engineering in the
United States. The committee was appointed in the late fall of 1977
by the National Research Council to study the changing roles of
postdoctorals in research and higher education in the United States
and to consider the implications of its findings for federal and
institutional policy decisions. During the past 3 years the committee
has met a total of 8 full days to plan analyses, review the findings,
and formulate its recommendations. The study has been funded by the
National Science Foundation and conducted under the aegis of the
Commission on Human Resources of the National Research Council.

The motivation for the study may be summarized as follows. For
many of the most talented scientists and engineers the postdoctoral
appointment has served as an important period of tramnsition between
formal education and a career in research. The appointment has
provided the recent doctorate recipient with a unique opportunity to
devote his or her full energies to research without the encumbrance of
formal course work or teaching and administrative responsibilities.
Those holding such appointments have made valuable contributions to
the quality, creativity, and productivity of ongoing scientific
inquiry. While the overall magnitude of these contributions has
varied markedly depending on the field of research, postdoctorals have
played a significant role in the research effort in virtually every
field of science and engineering--even in those fields in which their
numbers have been quite small. Whether or not the postdoctoral will
play an important role in the future, however, will depend on how
universities and the scientific community as a whole adapt to a
rapidly changing environment. Already apparent are some significant
changes in enrollment levels, faculty hiring patterns, sizes of
research budgets, and other factors affecting the supply and utiliza-
tion of doctoral personnel. The aim of this study is to assess the
impact that these changes will have on the postdoctoral role and the
implications of this impact for federal and institutional policy
decisions.
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2

Preliminary Phase: Policy Issues

The study has been divided into two phases. 1In the preliminary
phase the committee set out to identify the most important policy
issues, to examine available information that was relevant to these
issues, and to determine what additional information was required to
make sound policy recommendations. An interim report1 describing
the findings from this phase of the study was transmitted to the
National Science Foundation in June 1978. In that report the commit-
tee proposed a study that would consider the following topics:

(1) the character of the contribution of postdoctorals to
the research effort of their host departments and lab-
oratories;

(2) their influence on graduate and undergraduate education;

(3) the desirability, from the graduate student's perspec-
tive, of taking a postdoctoral appointment;

(4) the responsibilities of host institutions towards their
own postdoctorals;

(5) the alternative mechanisms for postdoctoral funding;

(6) the contributions of foreign nationals holding postdoc-
toral appointments at U.S. universities;

(7) the role of postdoctoral training in the career develop-
ment of women and minority scientists and engineers; and

(8) the advantages and disadvantages of postdoctoral experi-
ence for those pursuing careers outside the academic
sector.

Each of these topics is addressed in the present report.

In order to obtain as broad a perspective as possible on these
eight topics, the committee initiated several information-gathering
activities. At the outset, a total of approximately 280 department
chairmen, university deans, and provosts who were actively involved in
the administration of postdoctoral appointments at 50 different insti-
tutions were invited to comment on each of the eight issues described
above.2 The response to this request was most satisfying; more than
150 university administrators provided thoughtful, and often detailed,
comments. Letters were also sent to 50 managers in government and
industrial laboratories, soliciting their opinions on the utility of
postdoctoral experience for scientists and engineers pursuing careers

IThe interim report also served as a proposal for the second phase

of this study. See National Research Council (1978).

25 copy of this letter and a list of recipients are included in
Appendix A. Recipients were selected to obtain a balance among
fields, sizes of postdoctoral programs, and geographical distribution.
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outside the academic sector.3 Approximately 40 responses were
received. Excerpts from several of the comments provided by
university administrators and government and industrial managers are
quoted in Chapters 5 and 6 of this report.

Additional information was gathered from site visits to more than
50 departments at 15 different universities.* 1In these visits
committee members and staff talked with university deans, faculty,
postdoctorals, and graduate students who were about to receive their
doctorates. The discussions afforded an opportunity to probe more
deeply into the postdoctoral role in a variety of institutional and
departmental settings, and provided much needed input from the
postdoctorals and graduate students, who often presented a somewhat
different picture from that of their mentors. The site visits were
particularly useful in helping us formulate the questions to be
included in the surveys conducted in the second phase of the study.

In the preliminary phase the committee and the staff also con-
sidered findings from many other relevant studies,5 and consulted
with other groups that at that time were concerned with policy issues
pertinent to our own study. Among those consulted were committees
under the aegis of professional societies, the National Science
Foundation and other federal agencies, and other units of the National
Research Council. The findings and recommendations of these groups,
too numerous to summarize here, have been helpful to the policy
deliberations and planning of our own committee. Particularly
valuable were survey activities that had recently been completed by
the American Physical Society6 and the National Research Council.’
Many of the questions used in these efforts were incorporated into our
own survey questionnaires. In addition. the committee analyzed data
from three longitudinal surveys8 sponsored by the National Science

3Copies of the letters to govermment and industrial managers are
included in Appendix A, along with lists of recipients.
4A list of institutions and departments visited is included in Ap-
endix B.
These studies are summarized in Chapter I of the committee's
interim report, National Research Council (1978).
6The American Physical Society conducted an indepth survey of 1,400
physicists who held postdoctoral appointments in 1973. See B. F.
Porter (1979), pp.113-92.
IThe National Research Council Committee on National Needs for
Biomedical and Behavioral Science Research Personnel recently com-
pleted a survey of 14,300 biomedical and behavioral scientists who
earned doctorates during the FY1971-75 period. A description of this
survey is reported in National Research Council (1977), Appendix C.
8These include the Survey of Doctorate Recipients and the Survey of
Earned Doctorates, conducted by the National Research Council, and the
Survey of Graduate Science Student Support and Postdoctorals,
conducted by Moshman Associates, Inc.


http://www.nap.edu/catalog.php?record_id=19643

4

Foundation in order to determine what additional information was
required to address each of the eight topics that had been identified.
On the basis of the committee's preliminary review, a study plan was
developed for the second and final phase of the study. The plan was
reviewed by the National Science Foundation and approved for funding.

Second Phase: Survey Activities

The second phase of this study has been primarily devoted to the
collection and analysis of survey data and to the drafting of this
report. Under the auspices of our committee national surveys of four
groups were carried out:

(1) chairmen of science and engineering departments that
hosted one or more postdoctorals in 1977;

(2) U.S. citizens who had received science or engineering
doctorates (Ph.D. or equivalent) during FY1972 (July 1,
1971, through June 30, 1972);

(3) U.S. citizens who had received FY1978 doctorates in
these fields; and

(4) foreign citizens who held postdoctoral appointments at
U.S. universities as of April 1979.

A brief description of the sampling procedures and response rates for
each survey follows. Coples of the questionnaires used in this effort
and an analysis of the responses to each survey item are presented in
Appendixes C, D, E, and F. Also included in the Appendixes is a list
of the disciplines subsumed under engineering and each of the eight
ma jor fields of science.

In April 1979 survey questionnaires were mailed to a sample of
1,063 chairmen of science and engineering departments. The survey
sample was selected from a population of 2,022 departments that,
according to the 1977 Survey of Graduate Science Student Support and
Postdoctorals,9 hosted at least one postdoctoral. For purposes of
sample selection the departmental population was stratified on major
field, institutional control (i.e., public and private institutions),
and number of postdoctoral appointees.1 Disproportionately large
samples were chosen from the small population strata. As shown in
Table 1.1, a total of 846 chairmen (80 percent) responded to the
survey. There were only small differences in the response rates by

9This survey collects data from essentially all graduate departments
in Ph.,D.-granting institutions.

o categories of size were used: departments with 1 or 2 post-
doctorals in 1977 and those with more than 2.
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Table 1.1
RESPONSE RATES FOR SURVEY OF SCIENCE AND ENGINEERING DEPARTMENT CHAIRMEN

Popu- Sample

lation Ssize Survey Response
N N N %
All Departments 2,022 1,063 846 79.6
Departmental Field
Mathematical Sciences 41 41 32 78.0
Physics 165 114 97 85.1
Chemistry 170 102 89 87.3
Earth Sciences 95 81 67 82.7
Engineering 320 159 123 77.4
Agricultural Sciences 111 74 63 85.1
Biosciences-Graduate Schools 439 156 126 80.8
Biosciences-Medical Schools 483 166 122 73.5
Psychology 78 73 57 78.1
Social Sciences 120 97 70 72.2
Department Within
Private Institution 1,347 428 331 77.3
Public Institution 675 635 515 81.1

Department Hosted
1-2 Postdoctorals in 1977 1,053 499 409 82.0

&2 Postdoctorals in 1977 969 564 437 77.5
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field or other stratification variables. A detailed analysis of the
survey results is given in Appendix C. Response data have been
appropriately weighted to provide population estimates.

In April 1979 survey questionnaires were also sent to 5, 536
individuals who had earned science and engineering doctorates in
FY1972 and 5,511 individuals who had earned doctorates in this same
set of fields in FY1978. The sample of FY1972 graduates was selected
from a population of 15,680 respondents to the Survey of Earned
Doctoratesll who held U.S. citizenship at the time they received
their doctorates. The FY1978 population included 14,334 respondents.
For purposes of sample selection, the two populations were stratified
on major field of doctorate, sex, racial/ethnic group,12 and post-
doctoral plans (i.e., those planning postdoctoral study after receipt
of their doctorates and other Ph.D. recipients). Samples of more than
60 percent of the doctorate recipients in physics and the bioscilences
were selected so that analyses of the survey results for several
disciplines within these two fields could be made by other committees.
In each of the other seven fields a sample of approximately 25 percent
was selected. A proportionally large sample of women and minority
graduates was chosen so that the sampling errors reported for these
groups would be approximately equal to sampling errors for other
science and engineering Ph.D. recipients.

A total of 3,680 persons (66 percent) in the FY1972 cohort and
4,231 persons (77 percent) in the FY1978 cohort responded to the
surveys, as reported in Tables 1.2 and 1.3. Since the questionnaires
and survey procedures used for both groups were very similar, the
difference in response rates can be largely attributed to the diffi-
culties encountered in locating FY1972 graduates. For a majority of
members of the survey sample, the most recent address available was
one that they had provided at the time they received their doctorate--
for FY1972 graduates it was 7 years out of date. The low response
rate obtained from social scientists in the FY1978 cohort can be
explained by the fact that the sample in this field was augmented
after the first survey mailing and those who were added were not
contacted as often as other members of the sample. Otherwise the dif-
ferences in response rates by field or other stratification variables
were not large. Copies of the questionnaires sent to FY1972 and
FY1978 graduates and an analysis of the responses to each survey item
are provided in Appendixes D and E. For both of these surveys

llthis survey is believed to include all research-doctorate (Ph.D.

or equivalent) recipients from regionally accredited universities.
12The FY1978 cohort was separated into those belonging to
racial/ethnic minority groups--blacks, Hispanics, Asians, and American
Indians--and other graduates. The FY1972 cohort was not stratified on
this variable since information was not available (prior to our
survey) on the racial/ethnic group of these graduates.
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Table 1.2

RESPONSE RATES FOR SURVEY OF SCIENTISTS AND ENGINEERS,
FY1972 PH.D. RECIPIENTS

Popu- Sample

lation Size Survey Response
N N N %
All 1972 Ph.D. Recipients 15,680 5,536 3,680 66.5
Ph.D. Field
Mathematical Sciences 1,047 279 176 63.1
Physics 1,302 938 639 68.1
Chemistry 1,645 529 326 61.6
Earth Sciences 482 187 127 67.9
Engineering 2,365 347 227 65.4
Agricultural Sciences 642 172 118 68.6
Biosciences 3,318 2,0id 1,405 69.8
Psychology 2,148 624 395 63.3
Social Sciences 2,731 446 267 59.9
Sex
Men 13,836 4,471 2,990 66.9

Women 1,844 1,065 690 64.8
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Table 1.3

RESPONSE RATES FOR SURVEY OF SCIENTISTS AND ENGINEERS,
FY1978 PH.D. RECIPIENTS

Popu- Sample

lation Size Survey Response
N N N L 3

All 1978 Ph.D. Recipients 14,334 5,511 4,231 76.8
Ph.D. Field

Mathematical Sciences 726 237 180 75.9

Physics 821 700 543 77.6

Chemistry 1,210 349 255 73.1

Earth Sciences 533 242 : 194 80.2

Engineering 1,331 358 267 74.6

Agricultural Sciences 637 206 157 76.2

Biosciences 3,377 2,215 1,821 82.2

Psychology 2,935 738 527 71.4

Social Sciences 2,764 466 287 61.6
Sex .

Men 11,246 3,999 3,080 77.0

Women 3,088 1,512 1,151 76.1
Racial/Ethnic Group

white 13,382 4,682 3,747 80.0

Minority 952 829 484 58.4
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response data have been appropriately weighted to provide population
estimates. The overall high response rate for these two surveys--72
percent--was gratifying.

The reader should be cautioned that all results reported from the
survey of department chairmen and the surveys of FY1972 and FY1978
Ph.D. recipients represent estimates derived from sample surveys and
are not precise population statistics. These estimates are subject to
both sampling and nonsampling types of errors. Sampling errors occur
because the survey results reflect the responses of a sample group and
not the entire population. Nonsampling errors can be attributed to a
variety of sources including misinterpretation of survey instructions
or questions, mistakes in the coding or processing of survey re-
sponses, and other errors in the collection and reporting of results.

The sample in each of the three surveys was chosen in a complete-
ly random fashion. Other samples of identical size could have been
selected, and each would likely yield a somewhat different set of
responses. The sampling error associated with a survey estimate is a
measure of the precision with which that estimate approximates the
average result that might have been derived from all possible
samples.13 Consequently, the sampling error provides a confidence
interval for a reported estimate. The probability that the actual
population statistic being measured lies within a range of one
sampling error of the sample estimate is approximately 0.67--and
within a range of twice the sampling error, approximately 0.95.

A discussion of the estimation and interpretation of sampling
errors in each of the three surveys is given in Appendix G. Provided
in the appendix tables are sampling errors associated with estimates
reported on various survey groups. Sampling error, however, does not
measure any systematic biases in the data (e-g., the misinterpretation
of an ambiguous survey item). The reader should be mindful that the
accuracy of a survey result depends on both sampling and nonsampling
types of errors.

In order to obtain information about the foreign component of the
postdoctoral population at U.S. universities, the department chairmen
we surveyed were asked to provide the names of all foreign citizens
holding postdoctoral appointments in their departments. From the
preliminary responses received from department chairmen, 911 foreign
postdoctorals were identified. All of these individuals were sent
questionnaires, and 545 (60 percent) responded (Table 1.4). Since the
sample was not randomly chosen (because the population of foreign
postdoctorals was not known at the time of the survey), no attempt has
been made to inflate the response data to population estimates.

13 For a detailed discussion of the measuring of sampling error, the
reader may wish to refer to Gonzalez et al. (1975).
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Table 1.4

RESPONSE RATES FOR SURVEY OF FOREIGN POSTDOCTORALS
IN SCIENCE AND ENGINEERING DEPARTMENTS

Sample
Size Survey Response
N N %
All Departments 911 545 59.8
Departmental Field
Mathematical Sciences 18 7 38.9
Physics 122 79 64.8
Chemistry 311 164 52.7
Earth Sciences 31 24 77.4
Engineering 123 76 61.8
Agricultural Sciences 29 18 62.1
Biosciences-Graduate Schools 137 89 65.0
Biosciences-~Medical Schools 116 74 63.8
Psychology 17 12 70.6

Social Sciences 7 2 28.6
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Nonetheless, the responses to this survey provide some useful

information about the characteristics and employment plans of the
group surveyed.

Defining the Postdoctoral Population

For use in all of the data collection activities, the committee
adopted the following definition:

POSTDOCTORAL APPOINTMENT means a temporary appointment
the primary purpose of which is to provide for continued
education or experience in research usually, though not
necessarily, under the supervision of a senior mentor.
Included are appointments in govermment and industrial
laboratories which resemble in their character and
objectives postdoctoral appointments in universities.
Excluded are appointments in residency training programs
in the health professions.

In providing this definition the committee has intended to exclude
from the postdoctoral population persons holding the following types
of positions: (a) junior faculty positions that are understood to be
included in the regular series of academic appointments leading to a
permanent position within the host institution; (b) visiting or
adjunct faculty appointments that fill regular positions in the
departmental structure; (c) service-oriented research positions not
intended to provide research training; (d) medical internships and
residencies not involving research training; and (e) status as a
graduate student in a second doctoral or masters program. This
definition is consistent with the one used in an earlier study by the
National Research Council,14 except that we have excluded postdoc-
torals who held M.D. or other professional doctorates and those who
had received their doctorates from foreign institutions.

The committee fully recognizes that the postdoctoral population,
as defined above, is by no means a homogeneous group. Doctoral
scientists and engineers may take postdoctoral appointments for a
variety of reasons and at different stages in their careers. The
responsibilities and privileges of this group can also vary widely.
Some postdoctorals may be given considerable freedom in selecting and
working on a research problem; others may be expected to carry out
laboratory tasks under the close supervision of a senior mentor. Some
teach courses and advise students; others take courses. Many have no
involvement at all in formal programs of education.

The problem of defining the postdoctoral population is largely
one of interpretation. The counts of individuals holding postdoctoral

l4For a discussion of the definition used in the earlier study, see
National Research Council (1969), pp. 41-5.



http://www.nap.edu/catalog.php?record_id=19643

12

appointments in a particular field may vary significantly depending on
what definition is used and who is asked to furnish the count. This
point is clearly illustrated in Table 1.5, which compares estimates of
the 1979 postdoctoral populations in universities, as derived from
three separate sources. The data in the first column are based on
combined estimates from the Survey of Doctorate Recipients and the
Survey of Earned Doctorates, both of which are conducted by the
National Research Council with the sponsorship15 of the National
Science Foundation. The estimates represent the numbers of Ph.D.
recipients who were employed in academia and who indicated that they
held postdoctoral appointments—-defined as a "temporary appointment in
academia, . . . the primary purpose of which is to provide for con-
tinued education or experience in research.” The survey response has
been appropriately weighted and ad justed to provide population
estimates (see footnote 1 in Table 1.5). However, the estimates do
not take into account postdoctorals at U.S. universities who had
earned their doctorates from foreign institutions.

The data in the second and third columns of Table 1.5 come from
our own Survey of Science and Engineering Department Chairmen
(described earlier). The second column excludes persons with
foreign—earned doctorates; the third column includes this group. Both
sets of estimates are based on the committee's own definition of a
postdoctoral appointment (quoted above). The data in the fourth
column come from the National Science Foundation's Survey of Graduate
Science Student Support and Postdoctorals. These counts were also
provided by department chairmen. In this survey chairmen were
instructed to include "individuals with science and engineering
doctorates or M.D.'s (including foreign degrees that are equivalent to
U.S. doctorates) who devote FULL TIME TO RESEARCH activities or study
in the department under temporary appointments that carry no academic
rank,”

No one set of estimates is necessarily more reliable than the
others. They all are based on subjective categorizations by survey
respondents. and responses to the committee's surveys depend on each
individual's interpretation of the primary purpose of the appointment.
The estimates from the foundation's survey of department chairmen
(fourth column) are substantially larger than the others primarily
because they include recipients of professional doctorates as well as
foreign graduates. The estimates from the surveys of doctoral
scientists and engineers (first column) exclude both of these groups.
In most of the analyses in the report we have used postdoctoral
estimates from the latter source for the following two reasons.

First, the surveys of doctoral scientists and engineers provide
valuable information about the utilization of the postdoctoral group

15These survey activities are also sponsored by the National
Institutes of Health, the National Endowment for the Humanities, and
the Office of Education.
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Table 1.5

COMPARISON OF INDEPENDENT ESTIMATES OF THE NUMBERS OF SCIENCE

AND ENGINEERING POSTDOCTORALS IN UNIVERSITIES, 1979

SDR/DRF Dept. Survey GSSSP
(L) C(2) (3) (4)

Total S/E Postdoctorals 10,442 8,411 12,051 13,856
Mathematical Sciences 200 122 157 199
Physics 853 989 1,283 1,443
Chemistry 1,454 1,564 2,649 2,616
Earth Sciences 324 181 245 329
Engineering 387 517 914 1,069
Agricultural Sciences 185 175 222 245
Biosciences 6,044 4,474 6,107 7,112
Psychology 565 228 273 446
Social Sciences 430 161 201 397

NOTE: Estimates reported in the first three columns of this table are derived
from sample surveys and are subject to sampling errors of varying sizes.
See the accompanying text and Appendix G for a discussion of the estimation
and interpretation of sampling errors.

SOURCES:

(1)

(2)

(3)

(4)

Weighted population estimates from the 1979 Survey of Doctorate
Recipients (National Research Council) have been adjusted using
counts from the 1979 Survey of Earned Doctorates. The adjustment
was required since the former survey did not include persons who
had earned research doctorates (Ph.D. or equivalent) between
July, 1978 and February, 1979. The adjustment was made on the
basis of postdoctoral plans reported in the latter survey.

Estimates are from the committee's Survey of Science and Engineering
Department Chairmen and exclude persons who had earned their
doctorates from foreign institutions.

Estimates are from the same survey (2), but include those with
foreign doctotates.

These data are from the 1979 Survey of Graduate Science Student
Support and Postdoctorals (National Science Foundation) and include
both recipients of foreign doctorates and those with professional
doctorates (M.D., D.V.M., D.D.S., etc.).
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(e.g., time devoted to research and other work activities). Secondly,
these surveys also collect data on other groups in the Ph.D. labor
force--including faculty, other academic staff, postdoctorals in
industry and government, and other scientists and engineers employed
outside the academic sector. Thus, with the use of data from these
surveys, comparisons can be made between the full-time equivalent
research effort of postdoctorals and other groups (these comparisons
are presented in Chapter 6).

The committee has confined itself in this study to postdoctorals
with a Ph.D. degree or an equivalent research doctorate. While
recognizing that postdoctoral training plays an equally important role
in the career development of clinical investigators (i.e., those who
hold M.D. or other medical doctorates), the committee has not included
this groug in its study for the following reasons. First. another
committeel® of the National Research Council has already undertaken
a comprehensive study of this group; a report of the findings is
expected to be completed by early next year. Secondly, for the clini-
cal investigator the postdoctoral appointment usually represents his
or her first formal training in research and consequently may play a
markedly different role in the career development of this individual
than it does for the Ph.D. scientist who in qualifying for the doc-
torate has already demonstrated competence in research. Finally, the
career options available to the clinical investigator completing
postdoctoral apprenticeship are quite different from those available
to the Ph.D. scientist. The former may choose to devote part or all
of his/her time to clinical service and receive a substantially higher
income than that received by most Ph.D. scientists. Preliminary
evidencel’ indicates that the number of individuals pursuing careers
in clinical research has steadily declined during the past decade.

The factors contributing to this decline and the long-term implica-
tions for clinical research are now being examined by the other com-
mittee referred to above.

Study Prospectus

In the chapters that follow we present a comprehensive examina-
tion of the changing character of postdoctoral training and research
in each science and engineering field. The report is written with two
objectives in mind: to marshal the information required to make sound
policy recommendations and to provide an up-to-date statistical
picture of the postdoctoral situation in each field. Not all of the

16The Committee on National Needs for Biomedical and Behavioral
Research Personnel is considering a variety of issues pertinent to the
training of clinical investigators.

17National Research Council (1980), Chapter 2.
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topics examined in this report have direct relevance to the four
recommendations made by the committee (Chapter 7), but all, we
believe, contribute to better understanding of the postdoctoral situa-
tion. For instance, in Chapter 5 we consider the utility of postdoc-
toral training for careers outside the academic sector; in Chapter 6
we examine the role of foreign postdoctorals in the research effort
within the U.S. universities. Neither of these topics involve issues
that, in the committee's judgement, require policy action at this
time. Nonetheless, both of these topics should be of considerable
interest to federal and university policymakers as well as to the
scientific community as a whole.

Chapter 2 begins with an account of the development of postdoc-
toral education since its inception almost a century ago. It is clear
from the history of its development that postdoctoral education has
long played an important part in the universities' mission as centers
of teaching and research. Chapter 3 provides a summary of the chang-
ing employment situations of young doctoral scientists and engineers.
During the past decade some important changes have occurred that have
had an impact on the supply and utilization of postdoctorals. Chapter
4 examines the flow of recent Ph.D. recipients into postdoctoral ap-
pointments in each major field, with particular attention given to
their purpose in taking these appointments and their subsequent career
employment. Chapter 5 then addresses specific issues related to the
advantages and disadvantages of these appointments, from the perspec-—
tive of the young scientist. Among the issues considered are the
postdoctoral education and subsequent utilization of women and
minority Ph.D. recipients. Chapter 6 provides a statistical descrip-
tion of the postdoctoral contribution to the national research effort.
Consideration is given to the numbers of postdoctorals involved in
research, the magnitude of the total postdoctoral effort (compared
with other groups of research personnel), and the importance of their
role to the research project. Chapter 7 concludes with a summary of
the study findings and the committee's recommendations.

In the course of the study the committee has compiled extensive
information on the education and utilization of young scientists and
engineers. The analyses presented in this report focus on eight broad
topics (listed earlier) that are directly relevant to postdoctoral
education and research. The information that has been compiled is
relevant to a number of other topics as well. In fact, another
committee of the National Research Council is planning to use the
survey data we have collected from FY1972 and FY1978 graduates to
analyze differences in the utilization of recent doctorate recipients
in the various biomedical disciplines. The survey data might also be
used, for example, in studies of the education and utilization of
young women and minority scientists and engineers, the status of
nonfaculty research staff in universities, and the career objec-
tives of foreign postdoctorals. With this in mind the committee
invites professional societies, federal agencies and their contrac-
tors, and individual investigators to make use of its valuable data
resources.
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2. HISTORICAL OVERVIEW

Beginnings of Postdoctoral Education

The history of the research university in this country is
also the history of the postdoctoral research appointment. In his
plans for Johns Hopkins, the first university with a declared com-
mitment to research, President Gilman included a program of fellow-
ships "to give scholars of promise the opportunity to prosecute
further studies, under favorable circumstances, and likewise to open a
career for those who propose to follow the pursuit of literature or
science. The University expects to be benefitted by their presence
and influence, and by their occasional services; from among the number
it hopes to secure some of its permanent teachers.”! Ten fellow-
ships were offered initially in 1876, the year the university opened,
but no other university in America offered young scholars a similar
opportunity; and when applications were received from 152 candidates,
of whom more than 100 were regarded as eligible, the number of awards
was increased to 20. Among the first 20 fellows, 4 already held
Ph.D. degrees. One had received his degree in this country (at
Harvard), but the other 3 had gone to Germany (to Heidelberg, Leipzig,
and Gottingen).2

From the first the purpose was twofold: to foster the develop-
ment of young scholars, and to promote research. “What are we aiming
at?” Gilman asked in his inaugural, and answered: “The encouragement
of research; the promotion of young men; and the advancement of
individual scholars. who by their excellence will advance the sciences
they pursue and the society where they dwell.”3 On both sides of
the Atlantic there was concern about the need to promote research.
Germany, newly unified as a single nation, was outperforming the rest
of the world in the publication of significant scholarship and in the
application of science in business and industry. A collection of

lfrench (1946), p. 40.
2French (1946), pp. 40-1,
3Gilman (1898), p. 35.
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essays published in England in 1876, which made a strong impression on
Gilman, gave currency to the phrase "the endowment of research.”

The very word “"research,” as Gilman recalled later, was being given a

new meaning.5 In 1877, in an address on “the endowment of

research” prepared for the annual meeting of the American Association

for the Advancement of Science, the young Harvard astronomer Edward C.
Pickering praised the Hopkins fellowships as “"an important step in the
right direction” and pointed out how much more needed to be done:

Many other colleges indirectly countenance or mildly en-
courage research, some actively, but most of them pas-
sively. Some persons . . . even go so far as to maintain
that the time and energy of a college professor is paid
for, that he may teach, and regard original work as out-
side occupation. Were this view general, small indeed
would be the growth of science in this country.

Gilman, who kept a file of quotations on the value of fellow-
ships, acknowledged in his inaugural the debt he owed to European
ideas:

We shall hope to secure a strong staff of young men,
appointing them because they have twenty years before
them; selecting them on evidence of their ability;
increasing constantly their emoluments; and promoting
them because of their merit to successive posts, as
scholars, fellows, assistants, adjuncts, professors,
and university professors. This plan will give us an
opportunity to introduce some of the features of the
English fellowship and the German system of privat-
docents; or, in other words, to furnish positions
where young men desirous of a university career may
have a chance to begin, sure, at least, of a support
while waiting for promotion.’

During the next four decades support for postdoctoral research
grew slowly. An increasing cadre of universities organized themselves
as centers of research, but funds and facilities were limited. 1In
1901 the dean of the colleges at the new University of Chicago la-
mented that "the number of research fellowships offered to those who
have made the doctorate is as yet inconsiderable.” He urged the
endowment of "a considerable number of research fellowships . . . to

4App1eton (1876).
5Gilman (1906), p. 242
6Pickering (1877), p. 6.
7Gilman (1898), p. 29.
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be granted only to those who have already on foot an investigation
which promises results.”® In 1913 the American Association for the
Advancement of Science appointed a Committee of One Hundred, under the
chairmanship of Professor Pickering, to consider the state of scien-
tific research in America. At a meeting the following year Pickering
noted that a recent study of "men recognized as eminent by the great
scientific societies of the world” had identified only six in the
United States, "the same as from Saxony. The ratio of the populations
is about twenty to one. Of the Americans thus selected no one devoted
much, if any, of his time to teaching, and three were born outside of
the United States.” He continued:

The universities of the country devote vast sums to the
diffusion of knowledge, but their contributions to its
extension are comparatively limited. . . . If a tenth of
the money used for teaching were employed in research,
Americans would soon take their proper places among the
great men of science of the world.

Some universities recognized the need to trade teaching time for
research. One was Pickering's own university, Harvard. 1In 1915, for
example, the division of mathematics at Harvard announced that it
would appoint two instructors each year--Benjamin Peirce Instruc-
tors--who would be offered “"every facility towards the prosecution of
original scholarly work, the members of the division being ready to
give all possible aid and encouragement.” The teaching required of
the instructors, who must have completed their Ph.D. degrees, was
“"very moderate”: two and one half elementary courses (a "course” at
Harvard being "three fifty-five minute periods a week throughout the
year”), and “one other course which would ordinarily be of an advanced
character.” The instructorships, which would be renewable for three
years, would be offered in open competition. Candidates were asked to
submit such evidence of their ability as their Ph.D. dissertation and
“published contributions to mathematical scienceb" as well as certifi-
cates of their ability and success as teachers.

These instructorships, since elevated to assistant professor-
ships, still are awarded at Harvard. They have provided a model for
similar instructorships at a number of other universities and have
played an important role in the development of American mathematics.
All was not dark in the landscape the Committee of One Hundred
surveyed. What shortly transformed the situation, however, was the
impact of the First World War. The resources of German chemistry were
suddenly unavailable--indeed were thrown into the war against us--and
the nation had to turn to American chemists to fill the wvoid. At the

8association of American Universities (1902), pp. 40-1.
Iscience (February 1915), p. 316.
105cience (January 1915), pp. 86-7.
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same time, American physicists and engineers were called upon to match
their wits against the ingenuity of German weaponry, particularly the
submarine.-

The National Academy of Sciences responded to the challenge by
forming the National Research Council "to bring into cooperation
existing governmental, educational, industrial, and other research
organizations” for the defense effort. A Committee on Organization
under the chairmanship of the astronomer George E. Hale sought the
approval of President Woodrow Wilson, who gave the Council his bless—-
ing in a public letter to Hale in July 1916. 1In a press release the
White House declared: “Preparedness, to be sound and complete, must
be based on science.”!l The council's work during the war showed
that this statement was the honest truth.

The Committee on Organization, which besides Hale included the
biologist Edwin Grant Conklin, the physiologist Simon Flexner, the
physical chemist Arthur A. Noyes, and the physicist Robert A.
Millikan, had recommended that the council's “plan of procedure”
should include “"cooperation with educational institutions, by
supporting their efforts to secure larger funds and more favorable
conditions for the pursuit of research and for the training of stu-
dents in the methods and spirit of investigation.” Nothing came of
this plan during the war. In May, 1918, however, President Woodrow
Wilson issued an executive order requesting the Academy to perpetuate
the council as a peacetime institution. During the next several
months Hale and Millikan had discussions with the Rockefeller founda-
tion on the merits of a national program of postdoctoral fellowships
in the physical sciences. In April, 1919, the foundation gave
$500,000 for the support of a fellowship program for 5 years in
physics and chemistry. Thirteen National Research Fellows were
selected before the end of the year.

As with Gilman's fellowships at Johns Hopkins, the purpose of the
National Research Council Fellowships was not only the encouragement
of young investigators "and their more thorough training in research”;
it was also to "increase knowledge relating to the fundamental princi-
ples of physics and chemistry,” and, through the conditions host
institutions would be required to meet, to create "more favorable
conditions for research in the educational institutions of the
country.” The council stated quite clearly what it expected of host
ingstitutions:

Able investigators, actively engaged in productive re-
search, are needed to inspire and guide the work of the
Fellows. Research laboratories, adequately manned with
assistants and mechanicians, and amply supplied with
instruments, machine tools, and other facilities, are
indispensable; and funds to provide supplies and to

llNational Research Council (1932), pp. 5-6; Kevles (1979), p. 115.
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satisfy the constantly recurrent demands of research
must be available. Above all, there must exist the
stimulating atmosphere found only in institutions

that have brought together a group of men devoted to the
advancement of science through pursuit of research.

In 1922 the Rockefeller Foundation and the Rockefeller—endowed
General Education Board, working together, pledged another $500,000
for fellowships in the medical sciences, with emphasis on the pre-
clinical sciences, and in 1923 the foundation gave $325,000 for fel-
lowships in the biological sciences. At the same time the original
program in physics and chemistry was broadened to include mathematics.
All three programs were continued when the initial grants ran out, and
received further extensions thereafter, although with reduced funding
after the onset of the Depression.

In 1924 another Rockefeller organization, the International
Education Board, launched a fellowship program in physics, chemistry,
and biology to support “"the international migration of select students
to . . . centers of inspiration and training . . . to be trained with
reference to definite service in their own countries after completion
of their studies,” and asked the National Research Council to screen
applicants from the United States.l3

The success of the National Research Council in rallying support
for the natural sciences encouraged representatives of the social
sciences to establish the Social Science Research Council in 1923. It
had the blessing of another Rockefeller charity, the Laura Spelman
Rockefeller Foundation, and in 1925 the foundation provided the funds
for a program of Social Science Fellowships. The purpose of the
program was described as follows:

Generous as American Universities have been in helping
students to obtain Doctor's degrees, they have not been
generous or wise in treating their young instructors. A
newly fledged doctor, appointed to a junior position in

one of our departments, is usually assigned a heavy teach-
ing schedule, when he neither knows thoroughly the subjects
he has to cover, nor knows how to teach. . . . Some univer—
sities have established fellowships especially for their
young instructors. Others have obtained funds for support-
ing research programs in which young faculty members can
join. Still others are seeking to cut down the teaching
schedules of individuals with marked capacity for re-
search. . . . But the need is far from met. If our few
research fellowships can give the ablest among the

hundreds of men who aspire to do scientific work in the

12National Academy of Sciences (1919), pp. 313-4.
13posdick (1952), p. 148; Kevles (1979), p. 198.
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social field opportunity to develop their powers
while they are still in their flexible years, we
may hope for large results, ultimately if not
immediately.14

The Social Science Research Council offered 15 fellowships in
1925. By 1939 it had made awards to 246 individuals, an average of 16
each year. By comparison, 1,146 individuals held National Research
Fellowships between 1919 and 1938. During the 1920's new awards ran
rough{g 70 a year. During the 1930's they averaged roughly 40 a
year.

In 1930 the American Council of Learned Societies, with
Rockefeller help, launched a parallel fellowship program in the
humanities. The council characterized its fellowships as "post-
doctoral fellowships in the humanities of the type already made
available in other fields by the National Research Council and the
Social Science Research Council.”1® For some reason this program
was unsuccessful. Only 48 candidates applied in the first year and
only 26 the following year. 1In 1936, after 82 fellows had been
selected, the program was suspended. A spokesman for the American
Council of Learned Societies told the Association of American Univers-
ities in 1935 that the Depression was probably to blame; in uncertain
times a temporary fellowship was not so appealing as a regular
university appointment. But this instability cannot be the whole
answer because candidates in the other programs were exposed to the
same uncertainties.l’

Another program of fellowships open to scholars in the humanities
that did not lack candidates was the Guggenheim Fellowships, estab-
lished in 1925. Endowed by Senator and Mrs. Simon Guggenheim in
memory of their son, the Guggenheim Fellowships were open, without
restriction as to field, to individuals of "high intellectual and
personal qualifications who have already demonstrated unusual capacity
for productive scholarship or unusual ability in the fine arts.”™ By
1936 fellowships had been awarded to 525 U.S. candidates, of whom 38
were in the social sciences and 186 in the humanities (history, lit-
erature, philosophy, languages). One-fourth of the awards were in the
physical and life sciences, mathematics, and engineering. Young fac-
ulty members (up to 35 years old) going on sabbatical were eligible
for appointments. This provision may explain why the fellowships were
(and have remained) a continuing success in the humanities as well as
in other fields.l8

1oMi tchell, (1926), pp. 16-8.

1550cial Science Research Council (1939), pp. vii-xiii.

16National Research Council (1938).

17pmerican Council of Learned Societies (1929), pp. 24, 65.

1850hn Simon Guggenheim Memorial Foundation (1936), pp. 14-9.

Today, in different circumstances, older candidates are eligible and
are favored.
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The Guggenheims, like the National Research Fellowships, were
intended to provide time for research. "It has been my observatiom,”
Senator Guggenheim wrote, "that just about the time a young man has
finished college and is prepared to do valuable research, he is com-
pelled to spend his whole time in teaching. Salaries are small; so he
is compelled to do this in order to live, and often he loses the im-
pulse for creative work in his subject, which should be preserved in
order to make his teaching of the utmost value, and also for the sake
of the value of the researchers in the carrying on of civiliza-

tion."19

There is no question that these fellowship programs played a
significant role in the development of American Science in the 1920's
and 1930's. During the 1920's nearly one-third of all applicants to
the National Research Fellowship program received an award. Between
1919 and 1932 one in eleven of all Ph.D. recipients in the natural
sciences became National Research Fellows. More than half held their
awards for a second year; others won other fellowships. Linus
Pauling, for example, who won a National Research Fellowship for the
1925-26 academic year, was a Guggenheim Fellow the following year. J.
Robert Oppenheimer won an International Education Board Fellowship for
1928-29 to follow on his National Research Council award for 1927-28.
A number of young Ph.D.'s were supported for 3 years, and some re-
ceived awards for 4.20

A study of 500 scientists newly starred as leaders in research in
the 1937 and 1943 editions of American Men of Science found that more
than half had been postdoctorals, most of them National Research
Fellows. By 1950, 65 former National Research Fellows had been
elected to the National Academy of Sciences and 3 had won Nobel
prizes. More have been so honored since. Llooking back on a program
in which he had had no small stake, Millikan ventured the opinion in
1950 that the National Research Fellowships had been "the most
effective agency in the scientific development of American life and
civilization" in his lifetime.2l

Between 1919 and 1938 about one—fourth of the National Research
Fellows took their fellowships overseas, but the International Educa-
tion Board program brought large numbers of foreign scholars here. A
student of the development of American physics estimates that in
physics, 1f not in other fields, "at least as many European scientists
studied in the United States . . . as Americans studied in Europe.
« « « [Mlost of the European visitors were experimentalists attracted
by superior American equipment, while most of the Americans supported
in Europe were theoreticians. All but one of the Americans returned

1956hn Simon Guggenheim Memorial Foundation (1925).

20National Research Council (1932), p. 18.

21y gher (1947), pp. 361, 530; Rand (1951), p. 79; Millikan (1950),
p. 213.
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to posts in the United States, but dozens of Europeans were induced to
remain in America, including several fine young theoreticians."22

As Hale's Committee on Organization had intended, the fellows
were attracted to universities and research institutes offering the
best environment for work in their field. Five institutions in this
country hosted over half of the National Research Fellows during some
part of their tenure--Harvard, Princeton, Chicago, the California
Institute of Technology, and Johns Hopkins.2 The head of the
General Education Board, Wickliffe Rose, was delighted to "make the
peaks higher” in this way. In his view, “the high standards of a
strong institution will spread throughout a nation."” Under his
leadership, the General Education Board concentrated its direct grants
to universities at a few select institutions where science departments
which were already strong could be brought to the front rank in their
field. He singled out Princeton, Chicago, and Caltech for particu-
larly generous support.

At Caltech in the 1920's three of the architects of the National
Research Fellowship program, Hale, Noyes, and Millikan, were turning a
little-regarded engineering school, known until 1917 as Throop Insti-
tute, into a leading center of scientific research. With the help of
munificent benefactors who shared their ambitions for American sci-
ence-—"Just imagine,” wrote William Rontgen in 1921. "Millikan is said
to have a hundred thousand dollars a year for his researches”-—
they achieved almost instant success. In the early 1920's, according
to one historian, "only Caltech among American universities even
remotely resembled the European institutes” where Bohr, Born, and
others were in process of creating a new order in physics with the
quantum model of the atom.25 A young American physicist in Germany
in 1927 who told a friend "theoretical physics has reached a terrible
state . . . new methods have to be learned every week, almost™ also
wrote: "Caltech--there is something magnetic about that place [for]

.« o e Europeans."26 Many National Research Fellows interested in
quantum physics went to Germany, but of those who stayed on this side
of the Atlantic half went to Caltech. The rest went to Harvard,
Berkeley, Princeton, or Chicago.27 Caltech also shone in biology.
The French biologist Jacques Monod, who used a Rockefeller Fellowship
in the 1930's to study at Caltech under Thomas Hunt Morgan, recalled
the experience in 1965:

This was a revelation to me--a revelation of what a group
of scientists could be like when engaged in creative activ-

22coben (1971), p. 450.

23National Research Council (1938), pp. 1, 2, 81-4,
24coben (1971), p. 451.

25Coben (1971), p. 452,

26kevies (1979), pp. 169, 201.

27Monod (1966), p. 475.
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ity, and sharing in constant exchange of ideas, bold specu-
lation, and strong criticism: it was a revelation of
personalities of great stature such as George Beadle,
Sterling Emerson, Bridges, Sturtevant, Jack Schultz, and
Ephrussi, all of whom were working in Morgan's department.

Morgan already was a Nobel prizewinner; both Monod and Beadle were to
win Nobel prizes later.28

Caltech gave formal recognition to postdoctoral study as a part
of its institutional mission. The Caltech Bulletin, for example,
included a section on research fellowships, listing the fellowships
available to postdoctoral researchers at the institute and welcoming
scientists "who have already received their Doctor's degree and desire
to carry on special investigations.”™ The 1936 Bulletin lists 26
postdoctorals on fellowships at the institute; besides National
Research Fellowships, the Bulletin mentions fellowships provided by
industrial sponsors and fellowships funded by the institute itself.

Other universities also awarded postdoctoral fellowships of their
own--for example, Columbia gave Isidor I. Rabi a fellowship in 1927 to
allow him to study in Germany--but generally universities reserved
their fellowship money for graduate students.29 1In 1934 a repre-
sentative of the National Research Council reproached the universities
for not playing a more active role in promoting postdoctoral study:

Contrary to what might have been expected, the universities
have not been instrumental either in initiating the fellow-
ship experiment or in shaping its course. Their part has
been the passive one of placing libraries and laboratories
at the disposal of Fellows.30

Two years later a committee of the Association of American
Universities that had been appointed to conduct "a comprehensive study
of postdoctoral education in America” commended those universities
that supported their own postdoctoral fellowships and suggested "that
a larger proportion of the funds now devoted to subsidizing candidates
for advanced degrees could be advantageously allocated to the support
of post-doctoral fellows,” but came down in favor of national fellow-
ships over local fellowships:

University administered post-doctoral fellowships are
likely to be limited to a smaller group of applicants,

and often are limited to the institution which awards them.
Your Committee believes that a need exists for a system

28kevles (1979), pp. 200-1; Coben (1979), p. 451.
29%evlies (1979), p. 214.
30association of American Universities (1935), pp. 129-36.
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of country-wide post—-doctoral training fellowships more
numerous and broader in range than are now available.31

It appears that few doctoral recipients held appointments in the
universities as assistants or associates on a senior investigator's
research funds. When in 1927 Noyes invited James B. Conant of Harvard
to consider an appointment at Caltech as professor of organic chemis-
try, Conant asked if he could have a research budget that would enable
him to hire "two or three men or women who had already received the
doctor's degree.” Conant recalls: "He did not like the idea at all.
Quite apart from the size of the budget, he thought my proposal to
carry on research with the aid of research assistants was absurd to
the point of madness.” The University of Illinois chemist Roger
Adams, with whom he discussed Noyes' invitation, also "rejected
completely my idea of importing a German practice. . . . He granted
my diagnosis of the reasons why some of the German professors had been
so productive, but was certain no American professor could success-
fully imitate the practice. Millikan was even more explicit. He
spoke in terms of the best way of expending money. He had been
publishing papers of great significance. The experimentation had all
been done by graduate students . . . supported by teaching fellow-
ships. What Millikan said, in effect, was that . . . teaching fellow-
ships would yield at least twice as many helping hands as would the
same amount used for hiring Ph.D.'s as research assistants. 1 re-
mained unconvinced. If one planned to tackle the problems in organic
chemistry on which the leading German chemists were working, one
needed more mature help than any student, however bright, could give."
Conant stayed at Harvard, where he was given a research budget which
permitted him to hire "some of Roger Adams's recent doctors as
research assistants to work on the structure of chlorophyll. They
were excellent men, well trained, and they performed as I ex-
pected."32

Elsewhere other faculty investigators began to use postdoctoral
associates, but in the lean times of the Depression this was not easy.
In 1932, for example, Ernest 0. Lawrence found $1,500 to hire his
recent student M. Stanley Livingston to help him in the development of
the cyclotron, but two other research associates who joined the Radia-
tion Laboratory that year came initially without pay. 3

In 1938 it was still possible for a committee, appointed by the
Secretary of the Interior, Harold L. Ickes, to consider the relation
of the federal govermment to research, to comment on "the lack of
appreciation by great numbers of college executives in various posi-
tions of the importance of research in the life of today and of the
true responsibility of the colleges relative to this work and to the

3lpgsociation of American Universities (1938), pp. 38-40.
32conant (1970), pp. 74-5.
33childs (1968), p. 176.
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preparation of personnel for it.” The committee noted the contri-
bution made by the national fellowship programs and went on to say:

While some of the awards seemingly brought disappointing
returns, perhaps 20 percent were highly gratifying. There
is a strong feeling that these postdoctoral fellowships are
an important factor in the research development of the Na-
tion and should be maintained as generously as possible.

"Possibly,” the committee added, "federal grants for this purpose
should be made.”3%

Enter the Federal Government

It happens that, even as the committee was sitting, the first
steps were being taken towards federal support of postdoctoral work.
In April 1937, a bill was submitted in Congress for the establishment
of a National Cancer Institute in the Public Health Service to conduct
research on cancer and to coordinate the work of other organizations
fighting the disease. Representatives of the American Society for the
Control of Cancer (later to become the American Cancer Society) testi-
fied in favor of the bill, and it was passed in July without a dis-
senting voice.

Among other provisions of the Act, the Surgeon General was
authorized to provide facilities where qualified persons might
receive training in the diagnosis and treatment of cancer, and to pay
such trainees up to $10 a day. He was also authorized to establish
"research fellowships in the institute” and to pay the fellows what he
thought necessary “"to procure the assistance of the most brilliant and
promising research fellows from the United States or abroad."3

The National Cancer Institute appointed its first trainee in
January 1938, and its first fellows later the same year. The insti-
tute contracted with hospitals and universities to carry out the
training provisions of the act. The act's authorization of fellow-
ships "in the institute” was not construed to mean that they had to be
held at the institute, and while many of the early fellows held their
awards at the institute, many went elsewhere. All the early trainees
held M.D. degrees and their training was directed to clinical prac-
tice, not research, but several of the fellows were Ph.D. recipients.
Although the act provided for the establishment of a National Advisory
Cancer Council, it did not give the council any responsibility for
overseeing the fellowship and training programs; and the selection of
training centers, trainees, and fellows rested effectively with the

34y, s, Department of the Interior (1938), pp. 183-6.
35y, s. Congress (1937).
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institute's professional staff. Between 1938 and 1946 the institute
supported 111 trainees and 43 research fellows.36

The machinery of the National Cancer Institute was in place when
the country again found itself at war. If the First World War proved
the importance of physics and chemistry in national defense, the
Second World War, while confirming the lessons of the First, also
demonstated the benefits of medical science. The death rate in the
U.S. Army from all diseases was 0.6 per thousand during the Second
World War, compared with 14.1 per thousand in the First. Penicillin,
the active constituent of which was first isolated between 1940 and
1942, was distributed to Army and Navy doctors in time to save
countless lives. Malaria was held in check among troops in the
tropics. Safe blood transfusions and other operating-room techniques
greatly reduced the death rate from wounds.

In 1944 Congress passed an act reorganizing the Public Health
Service to help it better respond to the medical needs of the country.
The National Cancer Institute was made a branch of a new division of
the Public Health Service called the National Institutes of Health;
and the Surgeon General was authorized to award fellowships from now
on in any field "relating to the causes, diagnosis, treatment,
control, and prevention of physical and mental diseases and impair-
ments of man.”

Meanwhile, the federal govermment enlisted the major research
universities in a massive effort to develop new technologies for the
military. The Manhattan Project was the most ambitious and expensive
among hundreds of other undertakings. Annual federal investment in
research and development shot up from $48 million at the start of the
war to $500 million at the end. Whereas in the First World War the
govermment had put the scientific community to work mostly in off-
campus locations (for example, at the submarine base at New London,
Connecticut), in the Second much of the work was done at the universi-
ties themselves.

In 1944 President Roosevelt asked Vannevar Bush, Director of the
wartime Office of Scientific Research and Development, to prepare a
report on the support of science after the war. In his report,
Science, The Endless Frontier, published in 1945, Bush stressed the
unique role of the universities in promoting basic research and train
ing future research workers. He wrote:

It i8 chiefly in these institutions that scientists may
work in an atmosphere which is relatively free from the
adverse pressure of convention, prejudice, or commercial
necessity. . . . Industry is generally inhibited by pre-
conceived goals, by its own clearly defined standards, and

36Spencer (1949), pp. 750-6; U.S. Department of Health, Education,
and Welfare (1959), pp. -6.
37y, s. Congress (1944).
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by the constant pressure of commercial necessity. . . .
Although there are some notable exceptions, most re-
search conducted within governmental laboratories is

of an applied nature. This has always been true and

is 1likely to remain so. Hence, govermment, like in-
dustry, is dependent upon the colleges, universities,

and research institutes to expand the basic scientific
frontiers and to furnish trained scientific investigators.

He urged the establishment of a National Research Foundation that
would support basic research in universities and provide undergraduate
scholarships, graduate fellowships, and "fellowships for advanced
training and fundamental research.” He envisaged a research budget of
$25 million in the first year rising to $90 million in 5 years, and a
combined scholarship and fellowship budget of §7 million rising to $29
million.38

Long before his proposal for a National Research Foundation be-
came a reality in the shape of the National Science Foundation,
established in 1950, other agencies showed their regard for the
universities as centers of peacetime research and education. One was
NIH. The National Cancer Institute had been joined by a National
Institute of Mental Bealth in 1946 and by a National Heart Institute
and a National Institute of Dental Research in 1948. Still other
institutes were authorized in 1950. Starting with a National Cancer
Institute appropriation of $45,000 for fellowships (predoctoral and
postdoctoral) in FY1946, the fellowship appropriation of all the
institutes rose quickly to $1,400,000 by FY1950. Appropriations for
training programs rose from $25,000 to $5,415,000. In FY1950 the
several National Institutes of Health awarded 306 postdoctoral fel-
lowships, far more than all the privately funded national programs
together awarded in any year before the war.

At the same time agencies were pouring money into the universi-
ties for research. In the 1930's the federal govermment had given the
universities something like $6 million annually, mostly for agricul-
ture. Total research spending in the universities totalled $31
million in 1940. But by 1949 the Public Health Service, the Defense
Department, and the Atomic Energy Commission together were spending
more than $63 million on campus research.

A decade later, in 1960, the budget of the universities for basic
research alone totalled $433 million, of which $299 million came from
the federal government. The National Institutes of Health were sup-
porting nearly 1,000 postdoctoral fellows and were providing $75
million for predoctoral and postdoctoral training grants. The
National Science Foundation, now a major supporter of university
research, was the patron of 277 postdoctoral research fellows,
selected by the National Research Council, and of another 302 Science

38Bush (1945).
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Faculty Fellows (college faculty awarded fellowships to strengthen
their science teaching). Almost as numerous as postdoctoral fellows
and trainees, however, were postdoctoral research associates supported
on research funds. The program director for physics in the mathemati-
cal, physical, and engineering sciences division of the National Sci-
ence Foundation estimated in 1958 that there were probably 200 such
postdoctoral research appointees "scattered throughout physics depart-
ments in the nation.” In his view they played “"an impressive role" in
physics research:

Without them research in universities would lose much of
its vitality and certainly move at a slower pace. . . .
The research—-associate positions have been a boon to
fresh young Ph.D.'s wishing to extend their experience
and obtain post-Ph.D. training. A year or two of ap-
prenticeship as a research associate is considered the
best entree to better jobs and an opportunity of doing
research under burden-free conditions.

Evidence gathered later from chemistry departments suggests that there
may have been two or three times as many research associates in
chemistry at this time.40

In 1960 Bernard Berelson, making a study of graduate
education, wrote:

Today there is so much post—-doctoral training that many
people are becoming perplexed or even alarmed at where

it is all going to end, or rather, are becoming concerned
lest it not end any where!

From questionnaires distributed to faculty teaching at the graduate
level, he found that 23 percent of such faculty under 35 years old had
had postdoctoral appointments. In the physical and biological sci-
ences the percentages were even higher, Furthermore, two-thirds of the
faculty in these sciences, including those who had not been postdoc-
torals as well as those who had, felt that postdoctoral experience was
"becoming necessary or highly desirable for proper advancement.”

Berelson noted that "many top professors prefer postdoctoral
fellows because they are better research assistants,” but found many
others worrying that the spread of postdoctoral training reflected a
failure in graduate education. He quoted a dean who felt that "the
present rapid growth of the post-doctoral fellowship idea is, at least
in part, a direct result of many of our Ph.D.'s having been trained in
too-large groups, in over extended graduate departments, and under
"team-research” circumstances. . . . [Tlhey are compelled to return to
an academic setting to learn what they should have learned before

39%cMillen (1958), p. la.
40National Research Council (1965), p. 179.


http://www.nap.edu/catalog.php?record_id=19643

31

their degree was granted.” Universities were also concerned, Berelson
reported, about the allocation "of so much space, e?uipment, and
faculty time to a group that provides no tuition."4

In 1964 the role of postdoctoral appointments in physics
and chemistry came under the scrutiny of two distinguished committees
appointed by the National Academy of Sciences to survey the state of
physics and chemistry and report on the needs and potentials of each.
The Physics Survey Committee, which reported in 1966, declared that in
many fields of physics postdoctoral training was “rapidly becoming a
sine qua non.” It attributed the increase in the number of individ-
uals taking postdoctoral appointments to "the explosive growth of
scientific knowledge™ and to government support of scientific research
that had "made it possible for university departments to offer
research-associate positions to new Ph.D.'s at salaries comparable to
those paid men beginning their teaching careers. . . . The academic
climate is thus such that the new Ph.D. feels the need for further
study, and funds for such study are available to him.” The committee
went on to say that postdoctorals were "essential to the present
research effort in physics” and that "without the assistance of
postdoctoral associates, it would not be possible in many fields to
train the number of graduate students presently engaged in research.”

[Postdoctorals] contribute to a vital and exciting intel-
lectual environment for both faculty and students and
toward accelerating the progress of research. . . . We
conclude that postdoctoral personnel make an essential
contribution to both teaching and research in

physics. . . . We underline this point because today
there is8 a real possibility that the opportunities for
postdoctoral study may be curtailed, or may not be ex-
panded in proper proportion to the over-all growth in
physics. This possibility exists for two reasons.
First, . . . a cutback in research support . . . is
most easily applied to those funds allotted for
postdoctoral research positions. Second, it has

been argued that any action that delays the entrance

of a new Ph.D. into the teaching profession raises
grave hardships. . . . We do not agree with this

view; the additional training for both research and
teaching that a new Ph.D. received abundantly justifies
the time spent on postdoctoral st:udy.l’2

The Chemistry Survey Committee, which reported in 1965, was less
categorical. It agreed that a postdoctoral appointment provided
valuable further experience in both research and teaching:

4lgerelson (1960), pp. 190-4, 315.
42National Research Council (1966), pp. 17-9.
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At this level, a student achieves his greatest personal
boost toward a professional career; he is usually in a
stimulating enviromment, at a time in his life when he

has great energy and motivation, when he is reasonably

free to exercise his own professional judgement, and when
he is least burdened by additional responsibilities. The
momentum he achieves in this period is likely to determine
the direction and extent of his future career, and hence
this period is one of the most important for advanced educa-
tion. . . . [Als chemistry becomes more complicated, a more
varied apprenticeship becomes desirable. The increase in
numbers [of postdoctoral appointments] has been beneficial
in terms both of increased research productivity for the
universities, and of increased opportunities for the stu-
dents.

the committee added:

It has been unplanned. Some universities regard postdoc-
toral training as a natural extension of doctoral work,
others have incorporated the post-doctorals practical-

ly as junior members of their teaching staffs, while

still others have taken almost no official notice of the
large number of young Ph.D.'s in residence. The Commit-
tee is not entirely agreed on the nature and purpose—-and
therefore on the proper limits, if any--of post-doctoral
research at the universities. Despite the advantages of
a post—doctoral program, university administrators and
faculty members must decide whether the program should

be expanded when funds for research are limited. . . .
Should the post-doctoral program be officially recognized,
and perhaps formalized? Or should it be left to the
discretion of each individual recipient of a federal grant
to carry on his research as best he can, using graduate
students, postdoctorals, technicians, or whatever person-
nel he believes are most suitable. . . . Fortunately, the
growth in numbers of post-doctorals so far has generally
strengthened chemical research at the universities.

In any event, a study of the role of post-doctorals in

the university in all aspects would be highly desir-

able. . . .43

The Invisible University

Questions such as these, coming from many sides, prompted the National
Research Council in 1966 to undertake the first truly comprehensive

43National Research Council (1966), p. l47.


http://www.nap.edu/catalog.php?record_id=19643

33

study of postdoctoral education in the United States. Financial
support for the study came from five separate agencies of the federal
government as well as the Alfred P. Sloan Foundation. The study was
published in 1969 under the title The Invisible University.

Questionnaires were received from a total 10,740 individuals who
considered that they held postdoctoral appointments according to the
study committee's definition--an appointment of a temporary nature at
the postdoctoral level which is intended to offer an opportunity for
continued education and experience in research, usually, though not
necessarily, under the supervision of a senior mentor. Assuming a 65
percent rate of return, the committee estimated that "in the spring of
1967 there were approximately 16,000 postdoctorals including U.S.
citizens either in this country or abroad and foreign nationals in
this country.“44 Since this estimate includes both postdoctorals
with foreign-earned doctorates and those who held M.D. or other
professional doctorates, the estimate cannot be compared with the data
presented in Table 1.5 of the previous chapter,

The 10,740 postdoctorals who completed questionnaires gave the
following information about themselves:

® Many of them did not know for sure whether they held a
fellowship, a traineeship, or an appointment paid out of
research funds. It appeared that somewhat less than half
held fellowships, nearly a third were research associates,
and a quarter held other appointments, including
traineeships.45

e The agency whose funds for training and research supported
the largest number of postdoctorals was the Public Health
Service, responsible for 40 percent, followed by the
National Science Foundation (over 8 percent). The Depart-
ment of Defense, the Atomic Energy Commission, and the
National Aeronautics and Space Administration together
supported another 15 percent. Host institutions supported
8 percent and private foundations approximately 6
percent.

® Roughly two-thirds held Ph.D. degrees (or equivalent)
and one-third medical doctorates.

e The postdoctorals were distributed as follows by
field:48

44National Research Council (1969), p. 49.
45National Research Council (1969), p. 90.
46National Research Council (1969), p. 234.
47National Research Council (1969), p. 51.
8National Research Council (1969), p. 54.
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Physics and astronomy 132

Chemistry 16%Z
Mathematics, engineering, earth sciences 7%
Biochemistry and other basic life sciences 22%
Other biosciences 8%
Agricultural sciences 1%
Medical sciences 25%
Social sciences 47
Arts and humanities 2X
Other fields 32

1002

e Eighty percent were at institutions of higher education in
the United States. Eight percent or so were at nonprofit
institutions (hospitals, research institutes, etc.), a
slightly smaller percentage were at government labora-
tories and govermment-supported laboratories like the Los
Alamos Scientific Laboratory, some were abroad, and a
small fraction were in indust:ry.4

o The distribution of postdoctorals in the universities was
"highly skewed.” Fifty percent were at 17 institutioms,
If time taken to get the Ph.D. was a measure of quality
(the shorter the time the better), the best postdoctorals
were at the leading universities.5

o Most postdoctorals were anticipating academic careers.
Seventy-seven percent of those who had received Ph.D.
degrees within the previous two years--"immediate post-
doctorals"-~said that they would probably be employed in a
university or college. Only 8 percent expected to work
in industry and only 5 percent in government.

e Forty-five percent were foreign. Only one-fifth of
those with Ph.D.'s received the degrees in this country.
Four-fifths came after receiving doctorates abroad.
Seventeen percent of the foreign postdoctorals thought
that they would be staying in this country.

On the basis of questionnaire returns from deans, department
chairmen, individual faculty, and former postdoctorals, as well as the
questionnaires received from current postdoctorals and visits to
campuses, the National Research Council committee concluded that
postdoctoral education was a "useful and basically healthy develop-
ment. . . . Its major purpose . . . is to accelerate the development
of an independent investigator capable of training others in re-
search.”

49National Research Council (1969), pp. 54, 115.
50National Research Council (1969), pp. 57, 78.
SlNational Research Council (1969), pp. 61-2.
52National Research Council (1969), pp. 54, 209, 221.
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The committee found no evidence that postdoctoral education had
resulted "from a failure of graduate education to fulfill its
function.” And it welcomed the foreign postdoctorals:

In addition to the contribution to international educa-
tion, the presence of foreign postdoctorals has enriched
our science and has stressed the international nature of
research.”>3

Recent Developments

Since 1969 the climate in the universities has changed consider-
ably. For one thing, real expenditures for basic research in the
universities, which had been rising rapidly for 20 years, have grown
at a considerably slower pace since the time The Invisible University
was written. At the same time, partly for demographic reasons and
partly for lack of funds, hiring of new faculty has also slowed during
the past decade. Between 1969 and 1977, for example, the total number
of faculty increased by only 3 percent a year; for the 8 years earlier
the facultz was expanding at a rate of more than 10 percent
annually.5

In the face of these changes, the already high percentage of new
Ph.D. recipients in the physical and biosciences taking postdoc-
toral appointments increased markedly. In chemistry the percentage
spurted between 1970 and 1973, but has since fallen back a little; in
physics and the biosciences the increase has been steady through the
decade (Table 2.1).

Since the late 1960's the National Science Foundation has col-
lected statistics each year on the total number of postdoctorals in
university departments. Changes in the survey population prior to
1974 obscure the postdoctoral growth trends prior to that time. Since
1974 it appears that the postdoctoral population--including U.S. and
foreign citizens with either Ph.D., M.D., or other doctorates--has
grown significantly in U.S. universities, but that the rates of growth
have been quite different in the major fields of science and engi-
neering (Table 2.2).

In 1973 a national sample of postdoctorals was asked a question
that had not been asked in the study for The Invisible University:
"What was the MOST important reason for taking the appointment?” The
answer was striking. While the majority of respondents said that they
were seeking additional research experience, nearly one-fourth of
those who had received the doctorate during the previous year indi-
cated that they had taken a postdoctoral appointment because an

33National Research Council (1969), pp. 242, 254-5.
54National Research Council (1979), Table 1.
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Table 2.1
PERCENT OF PH.D. RECIPIENTS IN SELECTED FIELDS WHO PLANNED TO TAKE

POSTDOCTORAL APPOINTMENTS AFTER COMPLETION OF THEIR DOCTORATES,
1970-79

FY70-1 FY72-3 FY74-5 FY76-7 FY78-9

All Sciences 23.2% 25.9% 26.1% 29.0% 30.4%
and Engineering

Physics 38.4 45.4 50.2 52.2 51.4

Chemistry 39.7 52.8 48.8 51.8 47.2
Biosciences 46.6 48.7 53.3 59.0 62.7

SOURCE: National Research Council, Survey of Earned Doctorates
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TOTAL NUMBER™ OF POSTDOCTORALS IN U.S. UNIVERSITIES,

All Departments

Departmental Field
Mathematical Sciences
Physics
Chemistry
Barth Sciences
Engineering
Agricultural Sciences
Biosciences - Graduate Schools
Biosciences - Medical Schools
Psychology

Social Sciences

lincludes both U.S. and foreign citizens who hold a Ph.D., M.D.,

degree.

Table 2.2
1974-79
1974 1975

11975 12665

139 164
1492 1419
2350 2483

282 275
1019 1153

371 342
2607 3023
3046 3225

293 341

376 240

1976

13705

180

1447

2581

375

1169

441

3228

3596

358

330

1977

14069

146

1552

2628

376

1213

376

3329

3770

354

325

.o 1979

13856

199

1443

2616

329

1069

245

3374

3738

446

397

or other doctoral

SOURCE: National Science Foundation, Survey of Graduate Science Student Support

and Postdoctorals.
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“employment position” was not available. Among physicists and 1life
scientists the fraction was lower, an estimated 19 percent, but among
chemists it was as high as 37 percent. The fraction was higher the
more years since the degree. Among postdoctorals who had held the
degree 2 years, the figure was approximately 37 percent; among those
who had been out 3 years, it was 46 percent.55 It seems that many
postdoctorals, like planes waiting to land, were stacked in a holding
pattern. Postdoctoral appointments were playing a new role in the
lives of young investigators.

The Congress was sufficiently concerned by the relation of
predoctoral and postdoctoral training to national needs that in 1974
it required the Secretary of Health, Education, and Welfare to consult
with the National Academy of Sciences before determining the number of
fellowships and traineeships National Institutes of Health and the
Alcohol, Drug Abuse, and Mental Health Administrations should award in
the biomedical and behavioral sciences. The academy was asked to
"establish the Nation's overall need” for "research personnel” in
these sclences, identifying particular subject areas and the number of
people needed in each, and to "identify the kinds of research
positions available to and held by individuals” after completion of
their training. The academy, if it agreed to assume this responsibi-
lity, was required to report to the secretary each year.S The
academy accepted the responsibility and, starting in 1975, has
submitted five reports under the act.

In 1977 the American Physical Society undertook a study of the
changing character of the postdoctoral role and the subsequent
employment of those who have completed postdoctoral appointments. The
study findings, based on survey responses from more than 850 physi-
cists who had held postdoctoral appointments in 1973, are somewhat
distressing. Many of these physicists felt that they had not received
adequate career counseling and did not consider their postdoctoral
experience valuable in helping them achieve their career objectives.

If they had to do it over again, most would still go into
physics; 30%, however, would have chosen other areas,
medicine and engineering predominating. Looking ahead,
less than half would recommend physics as a career to
others. To a large extent this was based on the very
tight job market they saw in the future and the high
degree of insecurity they had experienced.

These relatively negative attitudes among many of
our brightest young physicists should be a matter of
continuing concern to the physics community.57

S5National Science Foundation (1975), pp. 296, 299,
56y, s, Congress (1974).
57porter (1979), p. 23.
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Another change since 1969 is a growing concern with the oppor-
tunities in science for women and members of minority groups. With
our current—-day consciousness of equal rights, the many quotations in
this chapter which refer to "men"” as if they are the only people in
sclence strike one as strangely obtuse. Women and members of minority
groups have in fact played their part in the developments described
here. In 1920, for example, the National Research Council awarded a
special fellowship to support the work at Howard University of the
black zoologist Ernest Everett Just, recognizing that "because of his
color [he] was unable to enter the larger universities in the
country.” He held the fellowship for 11 years. The council's records
note that he published 27 pagers during this time, “"fully justifying"
the award of the fellowship. 8 A Ph.D. recipient from the Univer-
sity of Chicago, Just, who stayed at Howard until his death in 1941,
continued to publish significant work.

We do not know how many young black scientists received regular
National Research Fellowships. The records do include the names of
some women recipients, however. Some held their awards in circum-
stances that reflect sadly on the status accorded them in the profes-
sion. One was Jane Mary Dewey, the youngest daughter of the
philosopher John Dewey, who obtained her doctorate in physical
chemistry at MIT in 1925, After 2 years with Niels Bohr in Copen-
hagen, she won a National Research Fellowship to study at Princeton.
As a woman she was not welcomed by the physics faculty, but the dean
of the graduate school, William F. Magie, a physicist, insisted they
take her. In 1929 her mentor, Karl T. Compton, wrote all over the
country to help her find a faculty position. The only sympathetic
response came from a member of the physics department at Berkeley, who
reported, however, that his colleagues simply refused to have a woman
on the staff. After 2 more years as a research fellow at Princeton
(in other words, after a total of 6 postdoctoral years), she joined
the faculty at Bryn Mawr .59

Four decades later, the study for The Invisible University found
that women on postdoctoral appointments were much more likely than men
to hold them for a third year or longer. While less than 10 percent
of male postdoctorals were "long-term” in this way, nearly 20 percent
of women were long-term. The study commmittee made the observation:

The fact that U.S. males have a greater chance of obtain-
ing faculty appointments . . . may partially explain the
distribution of long-term postdoctorals. Many of the
women are either faculty or student wives who are not
able to receive faculty positions because of institu-
tional rules on nepotism. There are, of course, some

58National Research Council (1932), pp. 237-8.
5%evles (1979), p. 207.
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women who find the postdoctoral status to thelr liking,
allowing them to do research part-time while remaining
a wife and mother. Nevertheless, it is clear that the
majority are simply taking the best position that is
open to women who want to do research and to live with
their husbands and children.60

The issue was not discussed further in The Invisible University.
Today, we are acutely concerned with the obstacles which stand in the
way of women's careers.

These questions about career opportunity, however, are not
questions about the intrinsic worth of postdoctoral study. The
intellectual opportunity it offers the individual scholar and the
stimulus it gives to the nation's research are no longer significant
issues. The postdoctoral appointment is an accepted feature of the
research university. Gilman would be pleased to see how effective his
merging of the English fellow and the German privat-docent has been in
advancing American science. The problems of the postdoctoral appoint-
ment today are important just because of its established role in
American science.
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3. CHANGING EMPLOYMENT PATTERNS

Fundamental to this study of the postdoctoral role in the sci-
ences and engineering is an understanding of the system by which
students completing their graduate education enter careers in these
fields. The system is a dynamic one in which both supply and demand
respond to a variety of economic, demographic, and other factors. On
the supply side, for example, the career choices of undergraduate and
graduate students are influenced by their perceptions of employment
prospects, relative earnings, and educational costs, as well as by
their own academic interests. On the demand side, the availability of
positions, nearly 60 percent of which lie in the academic sector, is
primarily determined by the level of the national investment in re-
search, total enrollments in colleges and universities, and rates of
labor force attrition. In the past few years several concerted
efforts! have been made to model the Ph.D. labor market and to
analyze the supply-demand outlook for the next decade or two. Of
particular relevance are the forecasts recently completed by Radner
and Kuh? and by the National Science Foundation,3 both of which
examine in some detail the flow of graduate students into the Ph.D.
labor force. Later in this chapter we summarize the findings from
these forecasts and examine the major factors contributing to the
findings. First, however, we present a schematic description of the
Ph.D. labor force which, unlike the supply-demand models used in most
employment market forecasts, incorporates the postdoctoral role in
early career patterns.

15 detailed critique by Donald J. Hernandez of five recent
forecasts of Ph.D. supply and demand is published in National
Regsearch Council (1979), Appendix B.

2Radner and Kuh (1978).

3National Science Foundation (1979).
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Career Paths

Figure 3.1 shows alternative career pathways Ph.D. recipients
follow in entering the science labor force after graduate school.

The estimate associated with each pathway represents the average
number of individuals per year who followed that particular route
during the period from March 1973 through February 1979. For purposes
here, the science fields have been aggregated. In Chapter 4 this same
supply diagram is presented with separate estimates for engineering
and each major field of science.

During the 6-year span an average of approximately 14,500
individuals each year earned science doctorates and entered the U.S.
labor force® through paths A, B, and C. The majority (66 percent)
have taken nonpostdoctoral employment in the science workforce (path
B). Another 30 percent chose postdoctoral appointments in these
fields (path C), while the remaining 4 percent found positions in
engineering, the humanities, education, or professional fields (path
A). It must be emphasized that the fraction of graduates following
paths B or C has varied considerably among the major fields of
science. In the biosciences and physics, for example, the postdoc-
toral route has been followed more frequently than the direct path to
employment in these fields. In the social sciences, on the other
hand, less than 5 percent of the recent graduates have taken post-
doctoral appointments.

An average of approximately 1,050 doctorate recipients each year
entered the science labor force from other flelds of graduate study.
The majority of these field-switchers were either humanities and
education graduates who found positions in related social science and
psychology fields or engineers moving into areas within the physical
sciences. Most of these individuals took employment in the workforce
(path E) rather than entering through the postdoctoral route (path D).

The total science labor force (including postdoctorals as well as
all other doctorate recipilents employed in these fields) expanded from
an estimated 180,500 individuals in 1973 to 251,000 individuals? by
1979. This represents an average expansion of 6 percent, or 11,750
persons per year. The two major factors contributing to this growth
are readily apparent in the supply diagram presented. An average of
14,975 doctorate recipients have entered the science labor force each
year, either directly into the workforce (via paths B and E) or
through the postdoctoral routes (paths C and D). This 7 percent
accretion has been partially offset by an estimated annual attrition

4Excluded from the data reported in this chapter are (a) scientists
who, after receiving doctorates from U.S. universities, expected to be
employed outside the United States; and (b) scientists who took
positions in the United States after receiving doctorates from foreign
universities.

5See Table 3.6 in the supplement to this chapter.
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FIGURE 3.1 Components contributing to the average annual growth of the doctoral labor
force during the period from March 1973 through February 1979. Estimates represent

the average annual number of individuals following particular pathways during this 6-year
period. No estimates have been made for field-switching, immigration, emigration, or
re-entry into the labor force.
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due to death and retirement® of only 2,025 scientists—--less than 1
percent of the labor force. The large imbalance between these two
factors guarantees that the total supply of Ph.D. scientists will
continue to grow at a substantial rate even if graduate enrollments
decline during the next decade as expected.7

Of particular importance in this supply diagram is the sizeable
growth in the postdoctoral population. During the 1973-79 period an
average of 4,475 Ph.D. recipients took postdoctoral appointments in
science fields each year (paths C and D), compared with only 3,925
completing their appointments (path F). As will be discussed in the
next chapter, this net increase of 550 postdoctorals annually is due
both to a prolongation in the average length of time spent in postdoc-
toral apprenticeship and to an increase in the number of graduates
choosing to follow the postdoctoral route. In the supply diagram the
postdoctoral appointment may be viewed as a transition stage between
graduate school and career employment. In many physics, chemistry,
and bioscience disciplines the appointment is considered almost a
prerequisite for a faculty position at a major research university.
In most other fields the postdoctoral institution, although not as
well established, appears to be growing in importance (as shown later
in this chapter). As faculty positions in many science fields become
more difficult to obtain during the next decade, we may expect an
increased fraction of graduates to opt for the postdoctoral route. 1In
this regard the postdoctoral appointment serves an important function
as a buffer for short-term imbalances between supply and demand.8

Employment Prospects for Ph.D. Scientists and Engineers

In May 1979 the National Research Council's Committee on Con-
tinuity in Academic Research Performance sponsored a workshop9 at
which several recent forecasts of supply and demand for both scien-
tists and engineers at the doctorate level were examined in detail.
Table 3.1 summarizes the findings from two of these forecasts. Ac-
cording to the results of both forecasts, the most serious supply-

6Dut1ng the 1973-79 period there was also an annual net attrition
from the labor force of 1,200 individuals who switched to employment
in engineering and other nonscience fields, emigrated to foreign
countries, or dropped out of the labor force for other reasons. For
purposes of simplicity these factors have been omitted from the supply
diagram.

Graduate enrollments have already begun to decline in some science
fields. See National Science Foundation (1978).

8For a thoughtful discussion of this concept, see Shull (1978).

9The agenda, list of participants, and summary of this workshop are
given in National Research Council (1979), Appendix B.
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Table 3.1

ALTERNATIVE FORECASTS OF UTILIZATION OF PH.D. SCIENTISTS

AND ENGINEERS,

Bureau of Labor Statistics Projection

BY MAJOR FIELD OF SCIENCE

National Science Foundation Projection

1/ ‘“Excess of Labor 2/ MExcess of Labor
Labor Force Requirements™ Force over Labor Force Requirements Force over
{thousands) (thousands) Requirements (thousands) (thousands) Requirements
Physical Sciences 90.0 8l.1 10% 95 87 8%
Engineering 60.5 65.7 none 72 59 18%
Life Sciences 109.4 87.5 20% 103 91 12%
Mathematical 24.8 17.4 30% 28 22 21%
Sciences
Social Sciences 128.0 94.0 27% - 113 84 26%
All Science and 412.7 346.0 16% 412 342 17%

Engineering

l/Projected Ph.D. scientists and engineers in "traditional employments."

E/Projected "gscience and engineering utilization of science and engineering Ph.D.'s."

NOTE: Bureau of Labor Statistics projection is for 1985; National Science Foundation

projection is for 1987.

SOURCE: Braddock (1978)
National Science Foundation (1979)
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demand imbalances during the next 5-7 years are expected in mathe-
matics and the social sciences. Considerably smaller imbalances are
anticipated for engineers and physical scientists--in fact, recent
data suggest that there is now a significant undersupply of doctoral
personnel in engineering. Although the magnitude of the projected
oversupply in each field varies according to the methodologies and
assumptions used in each forecast, the basic message is quite
apparent.

Barring any unforeseen major increase in demand for Ph.D.'s,
or a large drop in Ph.D. output, holders of doctorates in
most fields will continue to experience keen competition

in obtaining the types of jobs Ph.D.'s have traditionally
heid. Consequently, many Ph.D.'s will continue to experi-
ence delays in obtaining permanent employment in tradi-
tional jobs--and may experience job dissatisfaction.

Some caution must be exercised in interpreting projected supply-
demand imbalance in a particular field. First, in response to chang-
ing employment prospects and relative salaries, some students may
alter their career plans. Even the more sophisticated forecasting
models which incorporate "feedback mechanisms”!ll do not accurately
predict the magnitude of such an ad justment or the associated time
lags. Nor do they provide any information about changes in the
caliber of students choosing to pursue careers in particular fields.
Furthermore, the implementation of new federal programs could have an
important impact on the availability of academic employment opportuni-
ties in particular fields.12 Also, although some of the forecasts
give consideration to demand in the nonacademic sectors, the forces
controlling demand in these sectors are not well understood. In the
face of waning prospects for faculty positions, one might expect a
significant increase in the numbers of doctoral graduates hired
outside academia. Recent trends in this direction have already been

10raddock (October 1978), p. 50.

l1Tyo of the more promising approaches which utilize feedback mech-
anisms are those employed by Freeman (1976) and National Science
Foundation (1979).

2For example, the National Research Council Committee on Continuity
in Academic Research Performance recommended the establishment of
5-year, nonrenewable awards for tenured and nontenured faculty members
nominated by their departments. The Committee urged that 30 such
awards per year be offered immediately in both mathematics and
physics. A complete description of the program is presented in Na-
tional Research Council (1979), Chapter V. After reviewing this
recommendation the National Science Foundation has decided not to fund
such a program.
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observed in the mathematical sciences, psychology, and the social
sciences.!3 Finaily, it must be emphasized that even a large
oversupply of doctoral personnel in a particular field is unlikely to
be manifest in high rates of unemployment (relative to the general
level of unemployment in the economy). Such highly qualified person-
nel will almost certainly find employment in nontraditional areas,
although some may not consider themselves to be fully utilizing their
research skills.

Two factors principally account for the projected decline in em-
ployment prospects in most science fields. The first is the expected
absence of significant growth in the total number of university and
college faculty positions.

Viewed in the aggregate, then, the 1970's are a period in
which the higher education system has begun to make a
rather abrupt transition from conditions of rapid growth
to conditions of steady, or perhaps modestly declining,
demands for its services. This trend is almost certain to
produce a significant reduction in the number of academic
positions opening up for new Ph.D.'s.14

For the next 15 years there will be a substantial drop in the college-
age population. This will mean a modest decline or, at best, a stabi-
lization in total undergraduate and graduate enrollments.l> More-
over, while federal R and D levels cannot be predicted with any degree
of confidence, during the next decade large increases are highly
unlikely in view of recent trends.l® Since faculty hiring is

closely tied to both enrollments and research funding, we can expect
little or no expansion in university science faculties.

A second and equally important factor contributing to the pro-
jected oversupply is the anticipated low rate of labor force attri-
tion. As illustrated in Figure 3.1, during the 1973-79 period an
average of 2,025 scientists, less than 1 percent of the total pool,
retired or died each year. This rate is considerably below what might
be considered a steady-state condition,17 with an annual attrition
rate of approximately 3 percent. The reason for this low attrition is

13etween 1973 and 1979 there has been an annual growth in the

nonacademic sectors in each of these three fields of more than 10
ercent. See Table 3.6 in the supplement to this chapter.
4National Research Council (1979), pp. l4-5.

For a comprehensive analysis of enrollment projections see Cartter
§1976), Freeman (1976), Dresch (1975b), or Carnegie Foundation (1975).
6Since 1968 total federal expenditures for research and development
have declined (in constant dollars). See National Science Foundation

1979a). .
§ The attrition rate for a steady-state conditon is based on an
expected 35-year career for a scientist.
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a significant imbalance in the age distribution. As shown in Figure
3.2, less than 30 percent of the doctoral personnel who were employed
in science and engineering fields in 1979 were over 50 years old, and
less than 10 percent were over 60 years old. If one assumes that all
doctoral scientists and engineers 50 years or older in 1979 will
vacate their positions by the year 1994, then an estimated 72,700
openings will become available during this l5-year span, or an average
of 4,850 openings a year. The annual incoming supply of science and
engineering Ph.D. recipients is at the present time nearly four times
this size.

Faculty Aging

During the transition period of the 1970's several changes have
been observed in the employment situations of doctoral scientists and
engineers. Perhaps the change receiving the most attentionl® has
been what is sometimes referred to as "the faculty aging problem.” As
the number of new faculty hires in many fields began to decline, the
overall proportion of faculty appointments held by recent graduates
also fell. Figure 3.3(a) describes the decline in young faculty at
ma jor research universities.l9 Between 1973 and 1979 the percentage
of science and engineering faculty in these institutions who had
received their doctorates in the preceding 7 fiscal years dropped from
38 to 30 percent. The decline in young faculty in engineering and the
mathematical and physical science fields was noticeably more abrupt
than that experienced in the life sciences or social sciences.

The implications of these trends for universities and the
national research enterprise are not fully understood. More defini-
tive information is needed about the roles young faculty members play
in academic science and about the relationship between age and re-
search productivity. There is, nevertheless, a consensus within the
academic community that a continuing flow of young investigators into
university faculty positions is essential to maintain the vitality of
the research effort. Another National Research Council committee
examined this issue in detail.

In our view, a steady flow of "new blood” and in part
"young blood” into academic departments is important in
large part because of its impact on the overall research
environment of the department and on the maintenance of
a generational mix conducive to good communication and

18atelsek and Gomberg (1976 and 1979).

191ncluded are 59 institutions that together accounted for approxi-
mately two-thirds of the total research expenditures by universities
in 1977.
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the most effective motivation of successive cohorts of
independent investigators. Some of the effects we have
pointed to are subtle and indirect. They have not for
the most part been quantified in the existing literature
on sociology of science--and perhaps some of them cannot
be in the present state of the art. . . . But in the
absence of definitive research, we have based our analy-
sis on our experience and understanding of the function-
ing of the academic research system and on the testimony
of other experienced observers. That experience leads
us to believe that the vitality of academic science
would be seriously impaired by sharp restrictions on

the hiring of new faculty.

It is important to recognize that this aging problem is not
nearly as serious for the total doctoral labor force in academia
(including postdoctorals and other nonfaculty doctoral staff) as for
faculty alone. As shown in Figure 3.3(b), the percent of all
scientists and engineers at major research universities who had
received doctorates in the preceding 7 fiscal years only decreased
from 45 percent in 1973 to 40 percent 6 years later. In the life
sciences, the proportion of young staff in academia has remained
almost constant during this period. Whether an increase in
postdoctorals and other nonfaculty doctoral research staff can, in
part, compensate for a decline in junior faculty is an important
issue--and one that will be addressed in Chapter 6.

Postdoctoral Increases

In the face of decreasing numbers of appointments to faculty
positions in many fields of science, there has been a marked increase
in postdoctoral appointments during the past decade. Figure 3.4
describes recent trends in the numbers of doctorate recipients from
U.S. universities who held postdoctoral appointments in this country
during the period between February 1972 and February 1979. By far the
largest increase (in absolute numbers) has occurred in the biosci-
ences. The postdoctoral population in this field has steadily grown
from an estimated 3,650 individuals in 1972 to 7,325 in 1979--an
average annual rate of growth of more than 10 percent in this field.
What is most astonishing about this growth is that it took place
during a period when the number of Ph.D. awards in the biosciences
remained constant at approximately 3,650 each year.21 Consequently,
by 1979 the number of individuals holding bioscience postdoctoral
appointments was almost twice the number receiving doctorates in the
field that year.

20National Research Council (1979), pp. 65-6.
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The postdoctoral populations in chemistry and physics have also
been large, but a substantial drop in doctoral awards during the
1970's has limited the postdoctoral expansion in these fields. The
number of postdoctorals in chemistry increased from an estimated 1,400
in 1972 to 1,675 7 years later-—an annual growth of less than 3
percent. In physics the postdoctoral population shrunk by approxi-
mately 100 individuals during this same period.

The sizes of the postdoctoral populations in most other fields of
science are still comparatively small, but rapidly growing. In fact,
in three fields--agricultural sciences, psychoiogy, and social
sciences~-postdoctoral growth has exceeded 10 percent annually. In
engineering, however, we have seen a significant decrease during the
past 2 years in the postdoctoral numbers (excluding persons with
doctorates from foreign institutions).

It is uncertain to what extent these increases in postdoctorals
in science fields reflect shortages of alternative employment
opportunities for recent graduates, a genuine need for more advanced
training in a particular area of research, a recognition that for some
careers the postdoctoral is considered a necessary credential, or
other factors. The issue is an important one and will be considered
in the following chapter.

Other Changes in Employment Patterns

During the past decade we have also witnessed a significant
growth in other nonfaculty positions in universities as well asg in
employment outside the academic sector. Table 3.2 illustrates the
growth of other "nonfaculty staff” in universities. Included in this
group are doctoral scientists and engineers employed in the academic
sector who were considered neither faculty members nor postdoctoral
appointees. Between 1973 and 1979 the nonfacuity Ph.D. staff in sci-
ences and engineering expanded at a rate of approximately 8 percent
per year—--a rate of growth even greater than that for the postdoctoral
population.

Although members of this group represented only about 8 percent
of the total doctoral scientists and engineers employed by colleges
and universities in 1979, there is testimonial evidence?? to suggest
that they have made important contributions to both teaching and
research. The chairman of a behavioral science department with a
large research program told our committee:

21gee Table 3.7 in the supplement to this chapter for trend data on
the number of science and engineering doctorates awarded by U.S.
universities.

225ee Teich (1978) and National Research Council (1978), Chapter 4,
for a fuller discussion of the research contributions made by
nonfaculty doctoral staff members.
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Table 3.2

NUMBER OF DOCTORAL SCIENTISTS AND ENGINEERS WHO HELD ACADEMIC
STAFF POSITIONS OTHER THAN FACULTY OR POSTDOCTORAL APPOINTMENTS, 1973-79

Annual
1973 1975 1977 1979 Rate of
(N) (N) (N) (N) Growth (%)
All Sciences and Engineering 7,752 8,861 10,169 12,195 7.8
Mathematical Sciences 370 516 637 594 (8.2)
Physics 701 944 1,045 1,097 (7.7)
Chemistry » 627 716 906 762 (3.3)
Earth Sciences 512 454 537 735 (6.2)
Engineering 735 874 881 882 (3.1)
Agricultural Sciences 4138 440 510 701 (9.0)
Biosciences 2,239 2,217 2,988 3,709 8.8
Psychology 1,173 1,279 1,286 2,047 9.7
Social Sciences 976 1,421 1,379 1,668 9.3

NOTE: Estimates reported in the first four columns of this table are derived
from a sample survey and are subject to sampling errors of less than
10 percent of the reported estimates, unless otherwise indicated. Growth
percentages (last columm) which are based on survey estimates with
sampling errors of 10 percent or more are reported in parentheses. See
Appendix G for a description of the formula used to calculate approximate
sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey
of Earned Doctorates.
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The research program of the [department] could not be car-
ried on without the use of doctoral research staff. Meet-
ing the needs of a long-term longitudinal research program
requires not only staff continuity but a substantial num-
ber of well-trained (i.e., doctoral) behavioral scientists
who can spend at least half of their time at research. It
is simply not feasible to secure the kind of staff needed
through academic appointments to regular departments,
though a number of senior and junior faculty are involved
part-time in this enterprise. Few of the postdocs at [this
department] contribute as much to the research program as
do those who are employed on the doctoral research staff
and in some respects, at least, postdoctoral fellowships
have simply become a source of support for persons who
have shown a iittle promise rate researchers. . . .

Also since their research skills are often far more
sophisticated than those of the postdoctorals they
(doctoral research staff) can bring to bear a level of
expertise not only beyond that of the postdoctorals but
often beyond that of most available faculty members.23

In an earlier report our committee examined in detail the character-
istics and employment situations of members of the nonfaculty doctoral
research staff. Approximately half of the nonfaculty staff devoted
the majority of their time to teaching, administation, and other
nonresearch activities.24 For example, in the mathematical and
social sciences many had part-time or temporary teaching assign-
ments that were not considered regular faculty appointments. 1In
psychology, many were involved in consulting and clinicial services.
In the physical and life sciences and in engineering, on the other
hand, a majority of the nonfacuity staff in universities were
primarily engaged in basic and applied research.

Employment in science and engineering fields outside the academic
sector has also swelled in recent years. As shown in Table 3.3, the
total number of doctoral scientists and engineers employed in govern-
ment, industry, and other nonacademic sectors grew by roughly 7
percent annually between 1973 and 1979. The largest proportional
growth occurred in those fields in which most members of the labor
force have traditionally worked in colleges and universities. For
instance, the number of mathematical scientists (including computer
scientists) holding jobs outside academia more than doubled during
this 6-year period, as a result of an increase of an estimated 2,800

23From a department chairman's response to our committee's re-
quest for information on postdoctoral and nonfaculty doctoral re-
search staff.

24National Research Council (1978), Table 4, p. 16.
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NUMBER OF DOCTORAL SCIENTISTS AND ENGINEERS WHO HELD POSITIONS
OUTSIDE THE ACADEMIC SECTOR, 1973-79

All sciences and Engineering

Mathematical Sciences
Physics

Chemistry

Earth Sciences
Engineering
Agricultural Sciences
Biosciences
Psychology

Social Sciences

58

Table 3.3

1973
(N)

91,345

3,278
7,637
17,165
5,116
23,068
4,091
15,054
11,028
4,908

1975
(N)

106,242

3,811
8,171
19,565
6,267
27,956
5,093
15,900
13,396
6,083

1977
(N)

119,684

6,077
8,598
20,307
6,829
29,702
5,965
17,797
16,416
7,993

1979
(N)

137,162

6,947
9,063
22,439
8,707
32,858
6,487
20,677
19,531
10,453

Annual

Rate of
Growth(s)

7.0

13.3
2.9
4.6
9.3
6.1
8.0
5.4

10.0

13.4

NOTE: Estimates reported in the first four columns of this table are derived
from a sample survey and are subject to sampling errors of less than

5 percent of the reported estimates.

of the formula used to calculate approximate sampling errors.

See Appendix G for a description

SOURCE: National Research Council, Survey of Doctotate Recipients and Survey

of Earned Doctorates.
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Ph.D. recipients in business and industrial employment.25 In the
social sciences the large expansion in the nonacademic sectors was
primarily attributable to an increase of 3,500 Ph.D. recipients in
government employment. As already noted, the forces contributing to
expanded demand in the nonacademic sectors are not as well understood
as those contributing to academic demand.

Field-Switching

During the transitional period of the 1970's we have also
witnessed considerable mobility among the major fields of science and
engineering. The frequency of field-switching by recent graduates is
illustrated in Table 3.4. The third column in this table reports the
percentage of FY1972-78 Ph.D. recipients in each major field who in
1979 held employment positions outside their field of graduate train-
ing. More than 35 percent of the physics graduates have switched
fields. Most of these physicists found positions in engineering,
computer sciences, and the earth sciences.

The sixth column in this table reports the percentage of
FY1972-78 graduates employed in each major field who had earned their
doctorates in other fields. As many as 40 percent of those employed
in the earth sciences had received their doctoral education in other
disciplines—-primarily in engineering, physics, and the biosciences.
As shown in the last two columns of the table, the result has been a
net increase to the earth sciences labor force of an estimated 1,600
persons (41 percent of all recent Ph.D. recipients in the field). In
contrast, the physics labor force experienced a net loss through
field-switching of roughly 1,950 recent graduates (24 percent of the
doctorate total). These field changes may correct, to a significant
extent, for short-term imbalances in the supply and demand for doctor-
al personnel in particular fields2’. In Chapter 4 we discuss the
important role postdoctoral education has played in facilitating
field-switching.

Difficulties in Finding Employment

It should be restated that, even with a rapidly declining job
market in certain fields of science, high levels of unemployment for
doctoral personnel are not expected. There is, nevertheless, some

255ee Table 3.6 in the supplement to this chapter for detailed data
on growth patterns within industry, government, and other nonacademic
sectors.

265 detailed analysis of the mobility patterns among science and
engineering fields is presented in National Research Council (1975).
27Grodzins (1979).
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Table 3.4

FIELD-SWITCHING BY FY1972-78 PH.D. RECIPIENTS IN 1979
SCIENCE AND ENGINEERING LABOR FORCE

Doctoral Field Employment Field Net Change1

Employed in Doctorate in

Total Other Field Total Other Field
Field of Science (N) (N) (%) (N) (N) (%) (N) (%)
Mathematical Sci 7,088 1,131 16 8,541 2,584 30 1,453 20
Physics 8,187 2,900 35 6,236 949 15 -1,951 -24
Chemistry 11,340 2,018 18 10,584 1,262 12 -756 -7
Earth Sciences 3,849 587 15 5,427 2,165 40 1,578 41
Engineering 17,264 3,329 19 16,466 2,531 15 -798 -5
Agricultural Sciences 4,805 1,102 23 4,683 980 21 -122 -2
Biosciences 24,383 2,853 12 25,146 3,616 14 763 3
Psychology 17,641 1,807 10 16,224 390 2 -1,417 -8
Social Sciences 21,952 4,909 22 19,578 2,535 13 -2,374 -11

lpercent based on the total doctorates awarded in the field (column 1).

NOTE: Percentage estimates reported in this table are derived from a sample survey and are subject
to an absolute sampling error of less than 3 percentage points. See Appendix G for a description
of the formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients, 1979.
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evidence to indicate that recent graduates in many fields have
encountered more difficulty in finding jobs than graduates of the
mid-1960's. As shown in Figure 3.5, the percentage of science and
engineering graduates who were still seeking emgloyment positions

at the time they were awarded their doctorates2d has climbed
significantly since the expansion era in the 1960's. By the late
1970's almost 20 percent of the Ph.D. recipients in psychology and the
other social science fields had not found positions at the time of
graduation. These graduates have apparently found it increasingly
difficult in recent years to find jobs after receiving their
degrees——at least those jobs they wanted. The situation for doctorate
recipients in engineering and the mathematical and physical sciences,
on the other hand, may have improved slightly in the last several
yeargs. In fact, other evidence leads us to believe that there are now
significant shortages of doctoral personnel in engineering and the
computer sciences.

As might be suspected, recent doctoral graduates have encountered
considerably more difficulty in obtaining faculty appointments than
other types of positions. As shown in Figure 3.6, FY1978 Ph.D.
recipients in every field had less success in their quests for faculty
appointments than they had for either postdoctoral appointments or
positions outside the academic sector. Apparently the fields in which
it has been most difficult to obtain faculty offers were physics,
mathematical sciences, psychology, and chemistry. Graduates in these
fields received, on the average, one job offer for every 10 or more
inquiries made. By far the most promising prospects for faculty
positions were in engineering. Doctorate recipients in this field
received an average of between three and four offers for every ten
faculty positions they sought.

Compared with faculty positions, postdoctoral. appointments have
been much more readily available to young scientists and engineers.

In every field except the mathematical sciences,29 in fact, FY1978
graduates were successful, on the average, in better than 40 percent
of the postdoctoral inquiries they made. Prospects for employment in
business and industry, government, and other nonacademic sectors have
also been more promising than faculty opportunities. On the average,
science and engineering graduates received one job offer for every
three positions they sought outside the academic sector. As shown in
Tables 14C and 14D in Appendix E, the employment prospects for
engineers in industry and for psychologists in govermment have been
particularly favorable. On the basis of the information presented in
Figure 3.6, it is not at all surprising that we have found rapid
expansion in the numbers of scientists and engineers employed in
industry or government or holding postdoctoral appointments. It must
be recognized, however, that these data reflect the experiences of
those earning doctorates 2 years ago and that employment patterns in a
field can change significantly in a short period of time.

28The validity of the "SEEK" variable (described in Figure 3.5) has
been explored in an unpublished report by Freeman (1977).
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Ad justments in the Labor Market

During the past decade some significant reductions have occurred
in the numbers of students earning doctorates in certain fields of
science and engineering. These reductions followed a period of rapid
growth during which new doctoral programs were initiated and existing
programs were augmented to meet an expanding demand for highlg skilled
investigators. Between 1961 and 1971 the number of graduates 0
produced each year in all science and engineering fields almost
tripled--an average annual increase of more than 11 percent. Since
then the annual total of doctorate recipients in these fields has
declined.

Almost all of the recent reductions in doctoral awards occurred
in the fields of engineering and the mathematical and physical sci-
ences. As illustrated in Figure 3.7, the number of graduates in these
fields fell from a peak of approximately 8,350 in 1970 to 6,200 in
1979. 1t seems probable that students' perception of a lack of
employment opportunities was an important factor in the decline in the
mathematical and physical sciences. 1In engineering, many baccalau-
reate and masters degree recipients have been induced to take high-
paying positions in industry rather than pursue doctoral study. It
should be noted, however, that even with these declines the number of
graduates entering the labor force each year in engineering and the
mathematical and physical sciences represented more than seven times
the average annual attrition.3! Consequently, the labor forces in
these fields have continued to expand throughout the 1970's.

Growth in doctoral awards in the life sciences and social sci-
ences has also slowed during the past decade. In the life sciences
the number of doctorate recipients reached a peak of 4,450 graduates
in 1971 and has continued at approximately the same level since that
time. In the social sciences the doctoral growth persisted until
1977. Recent decreases32 in first-year graduate enrollments suggest
that the number of life scientists and social scientists earning
doctorates each year will begin to decline by the mid-1980's.

29Few postdoctoral appointments (as defined in this study) have been
available in mathematics. As shown in Figure 3.4 in this chapter,
only 200 appointments were held in this field in 1979,

e total annual awards of science and engineering doctorates from
U.S. universities is reported in Table 3.7 in the supplement to this
chapter. These data exclude doctorates earned by graduates planning
to be employed in foreign countries since they are not entering the
U.S. labor force.
31As shown in the supply diagram presented in the next chapter, the
annual attrition from the labor force has averaged only 1 percent per

ear in each of these fields.
2pata on first-year graduate enrollments are available from the
National Science Foundation (1978).
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1961-79. Data exclude doctorates earned by graduates planning to be employed in
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Table 3.5

MEDIAN SALARIES OF RECENT DOCTORAL GRADUATES EMPLOYED FULL~TIME IN
SCIENCES AND ENGINEERING IN THE ACADEMIC AND NONACADEMIC SECTORS, 1973 AND 1979

Employed in Universities and Collegesl
1973 1979 Annual
Salaries 2 Salaries3 Increment

All Sciences and Engineering $15,000 $19,500 4.5%
Engineering and the Mathematical and

Physical Sciences 15,000 19,500 4.5%
Life Sciences 14,700 19,800 5.1%
Social Sciences ' 15,300 19,200 3.9%

Employed Outside the Academic Sectorl

1973 1979 Annual
Salaries? Salaries3 Increment
All Sciences and Engineering $17,800 $24,300 5.3%
Engineering and the Mathematical and
Physical Sciences 18,100 25,400 5.8%
Life Sciences 16,600 22,300 5.0%
Social Sciences 17,900 22,200 3.7%

1 Excludes those holding postdoctoral appointments.

2 Median estimates based on 1973 salaries reported by FY1971-72 doctorate
recipients.

3 Median estimates based on 1979 salaries reported by FY1977-78 doctorate
recipients.

SOURCE: National Research Council, Survey of Doctorate Recipients.
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Nonetheless during the next 5 years the total doctoral supply in these
fields will almost certainly expand at an annual rate of more than 4
percent.

We have also witnessed some other important changes in the labor
market recently. Starting salaries for doctoral scientists and
engineers have not kept up with inflation during the 1970's., As
reported in Table 3.5, the median salaries of recent graduates holding
full-time (nonpostdoctoral) positions in universities and colleges
increased by an average of 4-5 percent a year in each field during the
1973-79 period. Salaries in the nonacademic sectors grew at only a
slightly higher rate. During the 1973-77 period prices, as measured
by the Gross National Product price deflator,34 climbed at an annual
average rate of 7.5 percent. Some35 view the decline in real
salaries as an important factor contributing to the recent decreases
in first-year graduate enrocllments. Whether this interpretation is
correct or not, it is quite apparent that significant changes have
already occurred in both the supply and demand for doctoral scientists
and engineers during the past decade
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Table 3.6

ESTIMATED NUMBER OF DOCTORAL SCIENTISTS AND ENGINEERS
TYPE OF POSITIONS, 1973-79

Total All Fields

1973 1975 1977

Total Labor Force 216,142 245,871 272,750
Academic Sectors 122,226 137,127 149,629
Faculty Positions 107,003 120,008 129,565
Professor 42,390 47,884 51,006
Associate Professor 31,260 35,961 39,418
Assistant Professor/Instructor 33,353 36,163 39,141
Nonfaculty Positions 15,223 17,119 20,064
Postdocs 7,471 8,258 9,895

Other Staff 7,752 8,861 10,169
Nonacademic Sectors 91,345 106,242 119,684
Postdocs 2,288 2,416 2,520
Other Positions 89,057 103,826 117,164

In FFRDC Labs 9,036 11,374 11,906

In Government 16,055 19,047 22,485

In Business/Industry 48,333 58,925 65,015

In Other Sectors 15,633 14,480 17,758
Unemployed~--Seeking Position 2,571 2,502 3,437

NOTE: Estimates reported in the first four columns of this table are derived from a sample survey and are
See Appendix G for a

subject to sampling errors of less than 10 percent of the reported estimates.
description of the formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey of Earned Doctorates.

BY

1979
298,929

158,656
136,019
58,054
39,905
38,060
22,637
10,442
12,195

137,162
2,422
134,740
12,488
26,697
75,027
20,528

3,111

Annual
Rate of
Growth (%)

5.6

4.4
4.1
5.4
4.2
2.2
6.8
5.7
7.8

7.0
1.0
7.1
5.5
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7.6
4.6
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Table 3.6

ESTIMATED NUMBER OF DOCTORAL SCIENTISTS AND ENGINEERS BY

TYPE OF POSITIONS, 1973-79

Mathematical Sciences

1973 1975 1977

Total Labor Force 14,836 16,548 19,711
Academic Sectors 11,387 12,653 13,462
Faculty Positions 10,910 12,015 12,719
Professor 3,573 4,029 4,344
Associate Professor 3,234 3,820 4,354
Assistant Professor/Instructor 4,103 4,166 4,021
Nonfaculty Positions 477 638 743
Postdocs 107 122 106

Other Staff 370 516 637
Nonacademic Sectors 3,278 3,811 6,077
Postdocs 52 66 54
Other Positions 3,226 3,745 6,023

In FFRDC Labs 509 615 669

In Government 516 667 905

In Business/Industry 1,787 2,273 4,053

In Other Sectors 414 190 396
Unemployed--Seeking Position 171 84 172

NOTE: Estimates reported in the first four columns of this table are derived from a sample survey and are
subject to sampling errors of less than 10 percent of the reported estimates, unless otherwise
indicated. Growth percentages (last column) which are based on survey estimates with sampling
errors of 10 percent or more are reported in parentheses. See Appendix G for a description of the

formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey of Earned Doctorates.

1979
21,139

14,123
13,329
5,066
4,350
3,913
794
200
594

6,947
39
6,908
882
1,052
4,613
361

69

Annual
Rate of
Growth (%)

6.1

3.7
3.4
6.0
5.1
-0.8
(8.9)
(11.0)
(8.2)

13.3
(-4.7)
13.5

(9.6)
(12.6)
17.1
(-2.3)

(-14.0)
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Table 3.6

ESTIMATED NUMBER OF DOCTORAL SCIENTISTS AND ENGINEERS BY
TYPE OF POSITIONS, 1973-79

Physics Annual
Rate of
1973 1975 1977 1979 Growth (%)

Total Labor Force 16,634 17,383 18,295 18,843 2.1
Academic Sectors 8,693 8,830 9,417 9,529 1.5
Faculty Positions 6,965 7,092 7,500 7,579 1.4
Professor 2,861 3,094 . 3,323 3,709 4.4
Associate Professor 2,015 2,409 2,432 2,464 3.4
Assistant Professor/Instructor 2,089 1,589 1,745 1,406 -6.4
Nonfaculty Positions 1,728 1,738 1,917 1,950 2.0

Postdocs 1,027 794 872 853 (-3.0)

Other Staff 701 944 1,045 1,097 (7.7)
Nonacademic Sectors 7,637 8,171 8,598 9,063 2.9
Postdocs 459 474 430 293 (-7.2)
Other Positions 7,178 7,697 8,168 8,770 3.4
In FFRDC Labs 2,521 3,008 3,002 3,219 4.2
In Government 957 1,040 1,183 1,465 7.4
In Business/Industry 3,213 3,282 3,535 3,558 1.7

In Other Sectors 487 367 448 528 (1.4)
Unemployed--Seeking Position 304 382 280 251 (-3.1)

NOTE: Estimates reported in the first four columns of this table are derived from a sample survey and are
subject to sampling errors of less than 10 percent of the reported estimates, unless otherwise
indicated. Growth percentages (last column) which are based on survey estimates with sampling
errors of 10 percent or more are reported in parentheses. See Appendix G for a description of the
formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey of Barned Doctorates.
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Table 3.6

ESTIMATED NUMBER OF DOCTORAL SCIENTISTS AND ENGINEERS BY
TYPE OF POSITIONS, 1973-79

Chemistry Annual
Rate of
1973 1975 1977 1979 Growth (%)

Total Labor Force 28,484 32,396 33,833 36,566 4.3
Academic Sectors 10,718 12,433 13,060 13,687 4.2
Faculty Positions 8,655 10,235 10,604 11,471 4.8
Professor 3,649 4,566 4,792 5,709 7.7
Associate Professor 2,556 3,083 2,968 3,239 4.0
Assistant Professor/Instructor 2,450 2,586 2,844 2,523 0.5
Nonfaculty Positions 2,063 2,198 2,456 2,216 1.2
Postdocs 1,436 1,482 1,550 1,454 0.2

Other Staff 627 716 906 762 (3.3)
Nonacademic Sectors 17,165 19,565 20,307 22,439 4.6

Postdocs 287 356 364 232 (-3.5)
Other Positions 16,878 19,209 19,943 22,207 4.7
In FFRDC Labs 980 1,157 1,230 1,390 6.0
In Government 1,107 1,342 1,463 1,623 6.6
In Business/Industry 13,559 15,669 16,050 18,010 4.8

In Other Sectors 1,232 1,041 1,200 1,184 (-0.7)

Unemployed--Seeking Position 601 398 466 440 (-5.1)

NOTE: Estimates reported in the first four columns of this table are derived from a sample survey and are
subject to sampling errors of less than 10 percent of the reported estimates, unless otherwise
indicated. Growth percentages (last column) which are based on survey estimates with sampling
errors of 10 percent or more are reported in parentheses. See Appendix G for a description of the
formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey of Earned Doctorates.
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Table 3.6

ESTIMATED NUMBER OF DOCTORAL SCIENTISTS AND ENGINEERS BY

TYPE OF POSITIONS, 1973-79

Earth Sciences

1973 1975

Total Labor Force 10,069 11,666
Academic Sectors 4,889 5,307
Faculty Positions 4,155 4,585
Professor 1,761 1,868
Asgociate Professor 1,227 1,524
Assistant Professor/Instructor 1,167 1,193
Nonfaculty Positions 734 722
Postdocs 222 268

Other Staff 512 454
Nonacademic Sectors 5,116 6,267
Postdocs 101 92
Other Positions 5,015 6,175

In FFRDC Labs 566 861

In Government 1,964 2,162

In Business/Industry 2,022 2,797

In Other Sectors 463 355

64 92

Unemployed--Seeking Position

NOTE: Estimates reported in the first four columns of this table are derived from a sample survey and are
subject to sampling errors of less than 10 percent of the reported estimates, unless otherwise
indicated. Growth percentages (last column) which are based on survey estimates with sampling
errors of 10 percent or more are reported in parentheses. See Appendix G for a description of the

formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey of Earned Doctorates.

1977
12,663

5,747
4,826
2,100
1,453
1,273
921
384
537

6,829
80
6,749
676
2,622
3,011
440

87

1979
14,224

5,468
4,409
2,096
1,273
1,040
1,059

324

735

8,707
90
8,617
248
3,137
4,038
494

49

Annual
Rate of
Growth (%)

1.9
1.0
2.9
0.6
(-1.9)
(6.3)
(6.5)
(6.2)

9.3
(-1.9)
9.4
(9.0)
8.1
12.2
(1.1)

(-4.4)
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Table 3.6

Estimated Number of Doctoral Scientists and Engineers by

Total Labor Force

Academic Sectors
Faculty Positions
Professor
Associate Professor
Assistant Professor/Instructor
Nonfaculty Positions
Postdocs
Other staff

Nonacademic Sectors
Postdocs
Other Positions
In FFRDC Labs
In Government
In Business/Industry
In Other Sectors

Unemployed--Seeking Position

NOTE: Estimates reported in the first four columns of this table are derived from a sample survey and are
subject to sampling errors of less than 10 percent of the reported estimates, unless otherwise
indicated. Growth percentages (last column) which are based on survey estimates with sampling
errors of 10 percent or more are reported in parentheses.

Engineering

1973
35,618

12,273
11,125
4,755
3,665
2,705
1,148
413
735

23,068
105
22,963
2,378
2,375
16,756
1,454

277

Type of Positions, 1973-79

1975
41,281

13,049
11,886
5,505
3,856
2,525
1,163
289
874

27,956
124
27,832
3,260
2,884
21,138
550

276

formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey of Earned Doctorates.

1977
43,829

13,860
12,470
5,924
3,951
2,595
1,390
509
881

29,702
74
29,628
3,471
3,518
21,841
798

267

1979
47,951

14,780
13,511
7,173
3,988
2,350
1,269
387
882

32,858
16
32,842
3,518
3,788
24,766
770

313

See Appendix G for a description of the

Annual
Rate of
Growth(s)

5.1

3.1
3.3
7.1
1.4
-2.3
1.7
(-1.1)
(3.1)

6.1
(-26.9)
6.1
6.7
8.1
6.7
(-10.1)

(2.1)
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Table 3.6

Estimated Number of Doctoral Scientists and Engineers by
Type of Positions, 1973-79

Agricultural Sciences
1973 1975 1977 1979
Total Labor Force 10,763 12,979 14,322 15,022
Academic Sectors 6,618 7,835 8,289 8,413
Faculty Positions 6,033 7,146 7,565 7,527
Professor 2,979 3,523 3,658 4,070
Associate Professor 1,761 1,963 2,116 2,213
Assistant Professor/Instructor 1,293 1,660 1,791 1,244
Nonfaculty Positions 585 689 724 886
Postdocs 166 249 214 185
Other Staff 419 440 510 701
Nonacademic Sectors 4,091 5,093 5,965 6,487
Postdocs 0 o] o] 58
Other Positions 4,091 5,093 5,965 6,429
In FFRDC Labs 701 793 1,062 440
In Government 1,289 1,542 1,808 2,348
In Business/Industry 1,813 2,514 2,826 3,228
In Other Sectors 288 244 269 413
Unemployed--Seeking Position 54 51 68 122

NOTE: Estimates reported in the first four columns of this table are derived from a sample survey and are
subject to sampling errors of less than 10 percent of the reported estimates, unless otherwise
indicated. Growth percentages (last column) which are based on survey estimates with sampling
errors of 10 percent or more are reported in parentheses. See Appendix G for a description of the
formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey of Barned Doctorates.

Annual
Rate of
Growth (%)

5.7

4.1
3.8
5.3
3.9
-0.6
(7.2)
(1.8)
(9.0)

8.0

7.8
(-7.5)
10.5
10.1

(6.2)

(14.5)
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Table 3.6

Estimated Number of Doctoral Scientists and Engineers by

Total Labor Force

Academic Sectors
Faculty Positions
Professor
Associate Professor
Assistant Professor/Instructor
Nonfaculty Positions
Postdocs
Other Staff

Nonacademic Sectors
Postdocs
Other Positions
In FFRDC Labs
In Government
In Business/Industry
In Other Sectors

Unemployed~-Seeking Position

NOTE: Estimates reported in the first four columns of this table are derived from a sample survey and are
subject to sampling errors of less than 10 percent of the reported estimates, unless otherwise

indicated. Growth percentages (last column) which are based on survey estimates with sampling
See Appendix G for a description of the

Biosciences

1973
47,343

31,773
25,985
10,117
7,468
8,400
5,788
3,549
2,239

15,054
921
14,133
1,120
4,144
5,072
3,797

516

Type of Positions, 1973-79

1975
51,373

34,860
28,371
10,931
7,984
9,456
6,489
4,272
2,217

15,900
1,072
14,828
1,350
4,557
5,691
3,230

613

aerrors of 10 percent or more are reported in parentheses.
formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey of Earned Doctorates.

1977
57,025

38,257
30,008
11,080
8,960
9,968
8,249
5,261
2,988

17,797
1,129
16,668
1,461
4,682
6,438
4,087

971

1979
64,243

42,771
33,018
12,383
9,796
10,839
9,753
6,044
3,709

20,677
1,277
19,400
1,372
5,591
7,363
5,074

795

Annual
Rate of
Growth(s)

5.2

5.1
4.1
3.4
4.6
4.3
2.1
9.3
8.8

5.4
5.6
5.4
3.4
5.1
€.4
5.0

(7.5)
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Table 3.6

Estimated Number of Doctoral Scientists and Engineers by
Type of Positions, 1973-79

Psychology Annual
Rate of
1973 1975 1977 1979 Growth (%)
Total Labor Force 25,622 30,316 34,039 37,978 6.8
Academic Sectors 14,304 16,683 17,147 17,937 3.8
Faculty Positions 12,818 14,866 15,301 15,325 3.0
Professor 4,59% 5,443 5,418 6,156 5.0
Associate Professor 3,645 4,412 4,438 4,312 2.8
Assistant Professor/Instructor 4,577 5,011 5,445 4,857 1.0
Nonfaculty Positions 1,486 1,817 1,846 2,612 9.9
Postdocs 313 538 560 565 (10.3)
Other Staff 1,173 1,279 1,286 2,047 8.7
Nonacademic Sectors 11,028 13,396 16,416 19,531 10.0
Postdocs 208 86 262 300 (6.3)
Other Positions 10,820 13,310 16,154 19,231 10.1
In FFRDC Labs 139 153 128 110 (-3.8)
In Government 1,939 2,250 2,615 2,905 7.0
In Business/Industry 2,997 4,037 5,393 6,940 15.0
In Other Sectors 5,745 6,870 8,018 9,276 8.3
Unemployed--Seeking Position 290 237 476 510 (9.9)

NOTE: Estimates reported in the first four columns of this table are derived from a sample survey and are
subject to sampling errors of less than 10 percent of the reported estimates, unless otherwise
indicated, Growth percentages (last column) which are based on survey estimates with sampling
errors of 10 percent or more are reported in parentheses. See Appendix G for a description of the
formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey of Barned Doctorates.
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Table 3.6

Estimated Number of Doctoral Scientists and Engineers by

Total Labor Force

Academic Sectors
Faculty Positions
Professor
Associate Professor
Assistant Professor/Instructor
Nonfaculty Positions
Postdocs

Other Staff

Nonacademic Sectors
Postdocs
Other Posgitions
In FFRDC Labs
In Government
In Business/Industry

In Other Sectors

Unemployed--Seeking Position

NOTE: Estimates reported in the first four columns of this table are derived from a sample survey and are
subject to sampling errors of less than 10 percent of the reported estimates, unless otherwise
indicated. Growth percentages (last column) which are based on survey estimates with sampling
errors of 10 percent or more are reported in parentheses.

Type of Positions, 1973-79

Social Sciences

1973
26,773

21,571
20,357
8,099
5,689
6,569
1,214
238
976

4,908

15%
4,753

122
1,764
1,114
1,753

294

1975
31,929

25,477
23,812
8,925
6,910
7,977
1,665
244
1,421

6,083

146
5,937

177
2,603
1,524
1,633

369

formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Doctorate Recipients and Survey of Earned Doctorates.

1977
39,033

30,390
28,572
10,367
8,746
2,459
1,818
439
1,379

7,993

127
7,866

207
3,689
1,868
2,102

650

1979

42,963

31,948
29,850
11,692
8,270
9,888
2,098
430
1,668

10,453
117
10,336
609
4,788
2,511
2,428

562

See Appendix G for a description of the

Annual
Rate of
Growth (%)

6.8
6.6
6.3
6.4
7.1
9.5
(10.4)
9.3

13.4
(-4.6)
13.8
(30.7)
18.1
14.5
5.6

(11.4)
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Table 3.7

NUMBER OF DOCTORATES! AWARDED IN SCIENCE AND ENGINEERING FIELDS, 1960-79

Fiscal Year of Doctorate

Field of Doctorate 1960 1961 1962, 1963 1964 1965 1966 1967 1968 1969

All Sciences & Engin 5725 6126 6771 7582 8466 9529 10442 11994 13466 14887
Mathematical Sci 259 305 353 451 538 639 697 783 910 994 .
Physics 492 538 639 749 802 954 966 1209 1336 1319
Chemistry 997 1073 1053 1203 1241 1335 1489 1644 1701 1836
Earth Sciences 217 212 2le 277 269 327 356 370 399 435
Engineering 740 883 1098 1238 1529 1891 2119 2419 2675 3040
Agricultural Sci 338 354 369 387 413 445 435 454 525 645
Biosciences 1151 1148 1307 1427 1626 1814 2020 2281 2710 2979
Psychology 744 794 818 861 970 922 1084 1236 1408 1682
Social Sciences 787 819 918 989 1078 1202 1276 1598 1802 1957

Fiscal Year of Doctorate

Field of Doctorate 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979
All Sciences & Engin 16551 17521 17537 17762 17354 17331 17088 16739 16526 16685
Mathematical Sci 1132 1150 1155 1100 1097 1033 901 880 891 903
Physics 1512 1523 1439 1435 1196 1176 1119 1043 994 1011
Chemistry 2085 2001 1816 1728 1670 1652 1505 1481 1452 1482
Earth Sciences 447 489 541 580 556 577 574 610 576 594
Engineering 3180 3149 3148 3028 2853 2713 2539 2391 2172 2218
Agricultural Sci 723 829 770 794 739 820 721 695 770 763
Biosciences 3304 3637 3561 3642 3522 3519 3653 3561 3616 3755
Psychology 1797 2026 2181 2391 2523 2637 2786 2911 2996 3016
Social Sciences 2371 2717 2926 3064 3198 3204 3290 3167 3059 2943

lNumbers exclude doctorate recipients planning employment outside the United States after graduation.

SOURCE: National Research Council, Survey of Earned Doctorates
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4. POSTDOCTORAL PATH TO CAREERS IN RESEARCH

The postdoctoral expansion during the past decade may be viewed
as a continuation of a trend that began 20 or more years ago. Since
the early 1960's we have witnessed major increases in the numbers of
students completing doctoral programs in the sciences and engineering.
During this same period there have been even larger increases in the
fraction of graduates continuing their education at the postdoctoral
level. This trend is quite apparent in Figure 4.1. In FY1960-61
approximately 10 percent of all doctorate recipients in sciences and
engineering planned to take postdoctoral appointments after graduate
school. By 1978-79 more than 30 percent of the graduates planned
postdoctoral study. The most striking increases have occurred in the
biosciences. As many as 63 percent of the most recent graduates in
this field expected to take postdoctoral appointments. In the fields
of physics and chemistry approximately half of the most recent
doctorate recipients intended to hold such appointments. In other
fields there has been a more modest, but continuous, increase over the
past two decades in the fraction of graduates planning postdoctoral
study.

Several factors are often cited to explain these trends. In many
areas of science and engineering, especially the interdisciplinary and
transdisciplinary ones, the nature of research has become increasingly
complex and has required young investigators to develop highly
specialized skills. Frequently these skills can be acquired more
effectively through an intensive postdoctoral apprenticeship than
through a graduate research assistantship.

It is more likely postdoctoral education has arisen in
some fields because those fields are so rich in subtle-
ties of technique and sophisticated ideas that the single
research project required for the doctoral thesis does
not provide the student with a sufficient grasp of his
field to permit him to become an independent faculty
member. On the other hand, not everyone who earns a
Ph.D. in those fields intends to continue in research
on the frontier. To require that everyone spend another
two years to acquire the mastery that is essential for
further research contributions is both inefficient and

80
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FIGURE 4.1 Percent of doctorate recipients in sciences and engineering planning
postdoctoral study after graduate school, 1960-79. Because of a change in defi-
nition, FY1969-79 data are not strictly comparable with data from earlier years.
From National Research Council, Survey of Earned Doctorates.
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redundant. The present system allows the college
teacher and the nonacademic researcher to get about
their business and permits the potential academic
researcher to have the additional benefit of experi-
encing research in a new enviromment. !

From the perspective of the young investigator the postdoctoral
appointment has provided a unique opportunity to concentrate on a
particular research problem without the burden of either the teaching
and administrative responsibilities usually given to a faculty member
or the formal degree requirements of a graduate student. As the
competition for research positions has intensified during the past
decade, the opportunity as a postdoctoral to establish a strong record
of research publications has become increasingly attractive to many
young scientists interested in careers in academic research. In fact,
in many fields the publications authored or coauthored during the
postdoctoral period have become an essential qualification for most
faculty appointments at major research universities. As shown in
Figure 4.2, an estimated 88 percent of the assistant professors
recently hired by chemistry departments in the 59 largest research
institutions had held postdoctoral appointments sometime in the past.
For physics and bioscience departments the corresponding percentages
were almost as high.

Under certain circumstances the postdoctoral experience in
research may be quite valuable, as well, to the young scientist or
engineer seeking a research career outside the academic sector. The
vice-president of a large pharmaceutical firm told our committee:

In general I would think a postdoctoral fellowship would
be a tremendous asset to a young Ph.D. who would choose
a career with our company. In fact, in many ways, it is
the only way that the person will get accepted . . . the
industrial market can be more selective (than it used

to be).2

Another factor contributing to the postdoctoral expansion in
recent years has been the absence of alternative employment pros-
pects——at least those in which young investigators were interested.
Table 4.1 reports the primary reasons FY1978 doctorate recipients gave
for taking their first postdoctoral appointments. As many as 16
percent of the science and engineering graduates who had taken post-
doctoral appointments indicated that they had done so principally
because they could not find other employment they wanted. The major-

INational Research Council (1969), p. 243.

2This comment was written in response to our committee's request for
opinions concerning the value of postdoctoral experience for careers
in research outside the academic sector.
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FIGURE 4.2 Percent of the last five assistant professors hired by
departments in major research universities who had held postdoctoral
appointments sometime in the past. Major research universities include
59 institutions which together accounted for approximately two-thirds
of the total research expenditures by universities in 1977. From
National Research Council, Survey of Science and Engineering Depart-
ment Chairmen, 1979.
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Table 4.1

PRIMARY REASON FY1978 PH.D. RECIPIENTS GAVE FOR TAKING
THEIR FIRST POSTDOCTORAL APPOINTMENT

Total Ph.D.'s Additional Work With Other

wWho Took Research Particular Switch Employment Other

Postdoc Appts Experience Group Fields Unavailable Reason

N $ $ $ $ L $
All 1978 Ph.D.'s 4,106 100 47 17 14 16 6
Mathematical Sciences 106 100 (39) (35) 1l 19 7
Physics 389 100 56 18 9 14 3
Chemistry 576 100 36 20 20 19 5
Earth Sciences 174 100 54 16 10 15 5
Engineering 175 100 43 22 9 26 1
Agricultural Sciences 99 100 42 10 2 24 21
Biosciences 1,880 100 52 17 16 13 2
Psychology 471 100 41 11 13 le 20
Social Sciences 236 100 35 14 18 22 12

NOTE Percentage estimates reported in this table are derived from a sample survey and are subject to
an absolute sampling error of less than 5 percentage points, unless otherwise indicated. Estimates
with sampling errors of 5 or more percentage points are reported in parentheses. See Appendix G

for a description of the formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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ity state that they have taken appointments in order to acquire addi-
tional experience in research or to work with a particular research
group or mentor.

In the preceding discussion of the general factors contributing
to the postdoctoral trends in sciences and engineering, we have ig-
nored several important questions:

(1) What alternative paths have been available to
recent graduates interested in careers in
research?

(2) To what extent have those taking postdoctoral
appointments prolonged their appointments be-
cause alternative opportunities they sought
were unavailable?

(3) How successful have graduates with experience
as postdoctorals been in pursuing careers in
research, compared with other graduates?

The answer to each of these questions is, as one might expect, highly
dependent upon the established postdoctoral patterns in a particular
field or subfield. In the analyses that follow we examine these
questions for five separate groups of fields: (1) blosciences; (2)
physics and chemistry; (3) psychology and social sciences; (4) earth
sciences and agricultural sciences; and (5) engineering and mathe-
matical sciences. The analyses presented in this chapter are limited
to an examination of changes in the employment patterns of recent
doctorate recipients in each of these fields. We ignore, for example,
the question of whether the early career patterns of the most promis-
ing young investigators have differed significantly from the career
patterns of other graduates. This and other issues relevant to career
decisions of young scientists are addressed in Chapter 5.

Biosciences

In 1979 an estimated 7,325 scientists (excluding foreign immi-
grants) held postdoctoral appointments in bioscience fields. The
total postdoctoral population in all other science and engineering
fields combined numbered only 5,550 persons. The rapid expansion of
the postdoctoral population in the biosciences began in the late
1950's with large increases in the federal investment in health-
related research.

During the subsequent years [following 1960] research in
all areas of biomedical science flourished to a degree
that few could have foreseen. The rapid growth in re-
search on life processes in normal and diseased tissues
led to an immediate need for large numbers of highly
skilled and creative investigators. To meet this need,
federal programs for the support of graduate and gost-
graduate research training were quickly expanded.
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Although the growth in federal expenditures for biomedical research
began to slow in the late 1960's, the postdoctoral expansion has
continued to the present. As noted in the previous chapter, the
number of postdoctoral appointees in the biosciences more than doubled
between 1972 and 1979. What is most remarkable about this expansion
is that during this same period the number of bioscientists completing
doctoral programs each year did not significantly increase.

Figure 4.3 describes the alternative pathways followed by recent
Ph.D. recipients pursuing careers in the biosciences during the 6-year
span between 1973 and 1979. The numerical estimates in this supply
diagram represent the average number of individuals each year who have
followed alternative pathways into the workforce. Depicted on the
left is the incoming supply of 4,125 bioscience Ph.D. recipients each
year. To the right is the active labor force--an estimated 7,300
postdoctorals and 56,900 doctoral bioscientists employed in the
academic and nonacademic sectors in 1979. The attrition from the
labor force due to death and retirement has averaged only 600
bioscientists (1 percent of the total Ph.D. workforceA) each year.
During this same period an estimated 200 bioscience Ph.D. recipients a
year have found positions in other fields (path A), while 550
graduates from chemistry and other disciplines have taken postdoctoral
appointments (path D) or other employment (path E) in the biosciences.
Consequently, there has been an annual net growth in the bioscience
labor force (including postdoctorals) of approximately 3,325
scientists, or more than 5 percent per annum.

The postdoctoral expansion in the biosciences is described by the
rates of flow through paths C, D, and F. During the 1973-79 period an
average of 1,975 bioscience Ph.D. recipients (55 percent) each year
have taken postdoctoral appointments in this field, along with 275
graduates from other fields. At the same time an average of 1,775
individuals have completed postdoctoral appointments in the biosci-
ences and moved into the regular workforce. As a result, the postdoc-
toral population in this field has grown at an astonishing rate of 475
individuals per year, or 9 percent annually.

Two factors explain this growth. First, there has been a signifi-
cant increase in the number of bioscience Ph.D. recipients who have
taken postdoctoral appointments. From the committee's surveys we
estimate that 1,900 bioscience graduates in FY1978 held postdoctoral
appointments within a year after receiving their doctorates, compared
with 1,650 graduates in FY1972.° This increase is a reflection of
the continuous rise (described in Figure 4.1) in the fraction of
graduates taking postdoctoral appointments. A second, equally

3Coggeshall et al. (1978), p. 487.

4The low rate of attrition is explained by the skewed age dis-
tribution of the labor force. More than three-fourths of the
bioscientists in the active labor force in 1979 were under the age of
50.
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FIGURE 4.3 Components contributing to the average annual growth of the doctoral labor force during
the period from March 1973 through February 1979. Estimates represent the average annual number of
individuals following particular pathways during this six-year period. No estimates have been made
for field-switching, immigration, emigration, or re-entry into the labor force.
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important, factor contributing to the postdoctoral expansion has been
the significant increase in the average total length of time bioscien-
tists held appointments. As shown in Figure 4.4, an estimated 57
percent of the 1976 cohort who had planned6 to take postdoctoral
appointments after graduation had held appointments longer than 24
months. In comparison, only 34 percent of the 1969 cohort had held
appointments that long. Furthermore, we estimate that 35 percent of
the 1975 cohort were on postdoctoral appointments longer than 36
months, compared with 12 percent of the 1968 cohort. Similar trends
were observed for other cohorts--the more recent graduates were
generally more likely to have remained on postdoctoral appointments
for longer periods of time. On the basis of a detailed analysis of
these trends, we conclude that almost half’ of the 1972-79 postdoc—-
toral expansion can be attributed to prolongation in the average
length of time spent on appointments. As one might expect, these
trends toward longer postdoctoral apprenticeships reflect, in part, a
lack of alternative employment opportunities. Nearly halfd of the
FY1972 bioscience Ph.D. recipients who had held postdoctoral
appointments longer than 24 months indicated that they had prolonged
their appointments because of difficulty in finding other employment
they wanted.

The preceding analysis ignores differences among bioscience
specialty fields. Data from the committee's surveys of FY1972 and
FY1978 Ph.D. recipients indicate that there has been considerable
variance in postdoctoral participation of graduates in the various
biomedical disciplines. The last column in Table 4.2 reports the
percentage of FY1978 graduates in each specialty who had taken
postdoctoral appointments within a year after receiving their
doctorates. More than three-fourths of the biochemists, biophysi-
cists, and molecular biologists took postdoctoral appointments, while
less than one-fourth of the FY1978 graduates in biostatistics,
biomathematics, environmental health, and public health did so. More
than half of the bioscientists who have held postdoctoral appointments
had received their doctorates in one of five specialties: biochemis-
try, microbiology, physiology, pharmacology, or molecular biology.
Apparently the postdoctoral build-up has not been a serious concern in

SSee Table 4.2 presented later in this chapter.

61t must be noted that these percentages are based on the total
number of graduates planning postdoctoral study. Some of these
graduates, however, never took appointments. Consequently, the
reported percentages underestimate the percent who actually held
postdoctoral appointments for a specified length of time. It is
unlikely that this discrepancy significantly affects the reported
trends.

This estimate was derived from an analysis of the year of doctorate
of those holding postdoctoral appointments in the biosciences during
the 1972-77 period. See Table 4.11 in the supplement to this chapter.
8See Table 4.5 presented in the next section of this chapter.
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FIGURE 4.4 Percent of bioscientists planning postdoctoral study who had held
appointments longer than 2 - 5 years, by year of doctorate. Reported percen-
tages probably underestimate the percent actually holding appointments for a
specified period of time since some of those planning postdoctoral study may
have in fact never taken appointments. From National Research Council, Survey
of Doctorate Recipients, 1973-79.
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Table 4.2

PERCENT OF FY1972 AND FY1978 PH.D. RECIPIENTS IN BIOSCIENCE DISCIPLINES WHO
TOOK POSTDOCTORAL APPOINTMENTS WITHIN A YEAR AFTER RECEIVING THEIR DOCTORATES

Ph.D. Specialty Field FY1972 Ph.D. Recipients FY1978 Ph.D. Recipients
Total Took Postdocl Total Took Postdocl
N N % N N E
Total Biosciences 3,298 1,635 50 3,347 1,908 57
Molecular Biology 127 106 84 139 120 86
Biochemistry 479 361 75 496 419 84
Biophysics 91 71 78 92 7 7
Immunology 15 7 (47) 77 57 74
Microbiology 340 192 56 293 205 70
Physiology, Animal 290 152 52 282 203 72
Pharmacology 159 91 57 190 131 69
Genetics 116 66 57 103 66 64
Anatomy 148 59 40 131 74 56
General Biology 113 51 45 157 84 54
Bioengineering 64 18 28 61 28 46
Other Biological Sciences 696 278 40 621 259 42
Zoology 325 97 30 216 82 38
Pathology 70 26 (37) 83 28 (349)
Nutrition N/A N/A  N/A 65 20 31
Other Medical Sciences 174 48 28 : 196 46 24
Environmental Health 20 7 (35) 28 6 (21
Public Health 51 3 6 83 8 10
Biometrics, Biostatistics 20 2 10 34 1 3

lExcludes graduates who took their first postdoctoral appointments more than
a year after they had received their doctorates.

NOTE: Percentage estimates reported in this table are derived from a sample
survey and are subject to an absolute sampling error of less than S
percentage points, unless otherwise indicated. Estimates with sampling
errors of 5 or more percentage points are reported in parentheses. See
Appendix G for a description of the formula used to calculate approximate
sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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many of the smaller, more applied disciplines that did not typically
utilize large research teams. Nevertheless, a comparison of the third
and sixth columns in this table indicates that in almost every
specialty the fraction of graduates taking postdoctoral appointments
increased between 1972 and 1978.

What are the implications of these findings? From the perspec-
tive of the national investment in research, the postdoctoral build-
up, in the short run, may be beneficial. The availability of a highly
skilled group of investigators at a very reasonable cost should im-
prove both the quantity and quality of the research product. In the
long run, on the other hand, there is the risk that declining
prospects for career employment will discourage some of the most
promising young investigators from pursuing careers in biomedical
research.

From the perspective of the young bioscientist, the key question
is: what will become of those caught in the postdoctoral "holding
pattern”? It is probably still too early to reach a definitive answer
to this question since many of those graduates taking postdoctoral
appointments in the early 1970's have not yet come up for tenure
review. Nonetheless, on the basis of results from the committee's
survey of FY1972 doctorate recipients, we have a preliminary
indication of how successful bioscience graduates have been in
pursuing careers in research. Table 4.3 compares the recent (April
1979) employment situations of 1972 graduates who took postdoctoral
appointments within a year after completing their doctorates with the
gsituations of other bioscience graduates who have never held such
appointments.lo From the table we find:

e A total of about 60 percent of each group were employed
in universities, colleges, and medical schools.

e As might be expected, the former postdoctorals were more
likely to be located in major research universities than
were the other graduates.

e However, 150 of the estimated 1,000 former postdoctorals
employed in academia held staff appointments which were
considered to be outside the faculty ladder.

e Furthermore, only one-fifth of the former postdoctorals
in academia had received tenure, compared with more than
three—-fifths of the other graduates.

e The unemployment rate for the former postdoctorals, while
not alarmingly high, was three times the rate for gradu-
ates who had never held postdoctoral appointments.

IThe possible decline in the caliber of graduate students who elect
to take postdoctoral appointments is discussed in the next chapter.
10This table excludes graduates who had taken their first post-
doctoral appointment more than a year after they had received their
doctorates.
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Table 4.3

COMPARISON OF 1979 EMPLOYMENT SITUATIONS OF FY1972 BIOSCIENCE PH.D.

RECIPIENTS WHO TOOK POSTDOCTORAL APPOINTMENTS WITHIN A YEAR AFTER
RECEIPT OF THEIR DOCTORATES WITH THE SITUATIONS OF OTHER FY1972
GRADUATES WHO HAVE NEVER HELD APPOINTMENTS

Employment Position in 1979

Total 1972 Bioscience Ph.D.'s‘l

Major Research Universities?
Tenured Faculty
Nontenured Faculty

Nonfaculty Staff

Other Universities and Colleges
Tenured Faculty
Nontenured Faculty

Nonfaculty Staff

Nonacademic Sectors
FFRDC Laboratories
Government
Business/Industry

Other Sectors

Unemployed and Seeking Job

1Excludes graduates not active in the labor force in 1979.

2Included are 59 universities whose total R and D expenditures in 1977
represented two-thirds of the total expenditures of all universities and

colleges.

Took Postdoc Within
Year After Graduation

N

1,571

446
77
281
88

548
116
369

63

537

30
171
183
153

40

|

100

28

18

35

24

34

11
12

10

Never Held
Postdoc
N 3
1,472 100
230 16
130
69 5
31 2
649 44
410 28
195 13
44 3
580 39
12 1
243 16
214 14
111 8
13 1

NOTE: Percentage estimates reported in this table are derived from a sample

survey and are subject to an absolute sampling error of less than 5
percentage points. See Appendix G for a description of the formula

used to calculate approximate sampling errors.

SOURCE: National Research Couricil, Survey of Scientists and Engineers, 1979.


http://www.nap.edu/catalog.php?record_id=19643

93

Table 4.4 presents additional data comparing former postdoctorals
and other 1972 Ph.D. recipients with respect to their median salaries,
time spent on research activities in 1979, and their publication
records. It is not surprising to find that the former postdoctorals
were more likely to devote an average of almost 30 percent more of
their time to basic and applied research activities than were other
bioscience graduates who had never held postdoctoral appointments.
These differences were observed for those employed in the nonacademic
sectors as well as those in universities and colleges. It is also not
surprising to find that the former postdoctorals had published more
articles (including those authored during their postdoctoral appren—
ticeship) than had other graduates during their careers. However, the
1979 median salaries of those with postdoctoral experience were sub-
stantially lower than the salaries of the other group. In the nonaca-
demic sectors the difference in salaries was as much as $4,000.

The differences we have found in salaries and tenure success can
be partly explained by the fact that those FY1972 graduates not taking
postdoctoral appointments entered the regular workforce 1 to 3 years
before those who had pursued postdoctoral study. Nonetheless, on the
basis of the magnitude of these differences, one must question whether
the postdoctoral experience has been advantageous to those pursuing
careers in research. It appears that many of the bioscience graduates
who have taken postdoctoral appointments will not be successful in
meeting their career goals. The frustrations of those caught in a
"postdoctoral holding pattern” were expressed by many young biosci-
entists responding to our committee's survey. For example, one
biochemist commented:

Frankly, many of us are concerned about our future pros-
pects in these times, after many years of training. We
are becoming increasingly discouraged by the decline of
tenure~track positions, and the increasing difficulty in
obtaining grant support. An opinion that is often ex-
pressed is that we postdocs provide a cheap labor source
for "established” investigators. Especially in recent
years many of us have been completely bypassed by the
economic trends, so that we have been unable to purchase
homes, have families, etc., while pursuing advanced train-
ing necessary to secure "a respectable position.” For
manylgf us it is becoming reasonable to ask: “Is it worth
ie?”

The preceding analysis of the postdoctoral holding pattern in the
biosciences neglects the important question of whether it has been
primarily the less talented young investigators who have been unable

lThe comment was provided by a FY1978 bioscience Ph.D. recipient,
in response to item #15 in the committee's survey.
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Table 4.4

COMPARISON OF 1979 SALARIES, RESEARCH INVOLVEMENT, AND PUBLICATION RECORDS OF FY1972 BIOSCIENCE
PH.D. RECIPIENTS WHO TOOK POSTDOCTORAL APPOINTMENTS WITHIN A YEAR AFTER RECEIPT OF THEIR
DOCTORATES WITH THOSE OF OTHER FY1972 GRADUATES WHO HAVE NEVER HELD APPOINTMENTS

Median Salaries in 1979 Involved in Some Research? Median Number of Articles3
Took No Took No Took No
Employment in 1979 ° Postdocl Postdoc postdoc!  Postdoc Postdocl Postdoc
Total 1972 Bioscience Ph.D.'s $24,200 $26,500 i 78% 49% 6 4
Universities and Colleges 22,700 24,200 84 52 7
Faculty 23,500 24,300 84 51 7
Nonfaculty Staff 17,000 - 87 60 5 3
Nonacademic Sectors 26,500 30,400 66 44 5 4
Government 4 27,300 29,200 76 58 7 7
Business/Industry 29,200 33,100 58 36 4 3
Other Sectors 24,000 31,100 64 28 4 3

lexcludes graduates who had taken their first postdoctoral appointment more than a year after they had
received their doctorates.

2percent of FY1972 Ph.D. recipients who spent at least one-fourth of their time in basic or applied research
activities.

3Included are all articles of which the respondent had been principal author and which had been published
in refereed journals.

4 Includes positions in FFRDC laboratories as well as other government employment.

NOTE: Median and percentage estimates reported in this table are derived from a sample survey and are
subject to sampling errors of varying sizes. See Appendix G for a description of the formula
used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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to find employment they wanted after completing postdoctoral appoint-
ments. This question is addressed in the next chapter.

Physics and Chemistry

The postdoctoral tradition in physics and chemistry in this
country had its origin in the establishment of the National Research
Fellowship Program in 1919,

The stated purpose of the fellowship was three-fold: to
open a scientific career to a larger number of investiga-
tors and to give investigators a more thorough training

in research, to increase knowledge relating to the funda-
mental principles of physics and chemistry "upon which the
progress of all the sciences and the development of in-
dustry depend,” and to create more favorable conditions
for research in the educational institutions of the
country.

Although the importance of its contributions to the development of
talented young investigators is unquestioned,13 the program was

quite small by today's standards. It was not until the late 1950's,
when the federal investment in research was substantially augmented,
that significantly increasing numbers of young physicists and chemists
began taking postdoctoral appointments. For the next 15 years the
postdoctoral expansion in these fields was quite remarkable. Figure
4,5 describes the numbers of physics and chemistry Ph.D. recipients
planning postdoctoral study after completion of their graduate
programs. In chemistry the group expecting to take postdoctoral
appointments steadily climbed from approximately 75 graduates in 1958
to 965 in 1972, 1In physics the increase was just as remarkable-—from
only 25 graduates planning postdoctoral study in 1958 to a peak of 670
in 1973.

The postdoctoral growth during this period can be attributed to
both an increase in doctoral graduates and an increase in the fraction
of graduates taking postdoctoral appointments. As reported in Table
3.7 in the supplement to Chapter 3, the number of doctorates awarded
annually in physics tripled between 1958 and 1973, and the number of
doctoral awards in chemistry nearly doubled. At the same time the
fraction of graduate planning to take postdoctoral appointments also
rose sharply, as illustrated in Figure 4.1. Approximately half of all
physics and chemistry Ph.D. recipients in 1973 expected to hold post-
doctoral appointments after graduation.

The postdoctoral expansion in physics and chemistry did not con-
tinue during the decade of the 1970's, as it did in the biosciences.

12National Research Council (1960), p. 1l6.
JResults from an evaluation of this program were presented in M,
Rand (1951).
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FIGURE 4.5 Number of Ph.D. recipients in physics and chemistry plan-
ning to take postdoctoral appointments after graduation, 1958-79.
Because of a change in definition, FY1969-79 data are not strictly
comparable with data from earlier years. From National Research
Council, Survey of Doctorate Recipients.
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By the early 1970's, stabilizing (or declining) enrollments and
tighter research budgets had had an impact on both graduate and
postdoctoral education in the fields of physics and chemistry. A
recent study of postdoctorals in physics in 1973 observes:

By the 1970's the job market had changed. Academic tenure
track openings became scarce, extremely so at many top
research universities, and employment at FFR&DC's had de-
clined. Projections pointed to an increasingly tight
academic market through the 1980's and little growth in
the FFR&DC's., Thus, the employment spheres where post-
docs usually found later regular employment were very
tight and apYarently would continue to remain so in the
near future.l4

The employment situation in chemistry during the past decade has been
quite similar, although it may have improved in recent years.15 In
both fields annual doctoral awards began to decline in the early
1970's (see Figure 3.7 in the preceding chapter). Accompanying this
decline was a more than 30 percent decrease in the number of doctoral
graduates taking postdoctoral appointments. From the committee's
survey we found that only an estimated 390 of the FY1978 Ph.D.
recipients in physics had taken postdoctoral appointments within a
year after receiving their doctorates, compared with 565 individuals
in the FY1972 cohort.l® Similarly, only 575 of the FY1978 graduates
in chemistry had taken postdoctoral appointments, compared with 960 of
the graduates 6 years earlier.

Despite these declines the total sizes of the postdoctoral
populations in physics and chemistry did not shrink appreciably. The
reason for this can be seen from Figures 4.6 and 4.7 which describe
the annual flow through the components of the doctoral labor forces in
physics and chemistry, respectively, during the 1973-79 period. An
average of 525 (46 percent) of the 1,150 physics Ph.D. recipients each
year took postdoctoral appointments in physics (path C), along with
another 25 graduates from other fields (path D). During this same
period an estimated 600 individuals completed their postdoctoral
education in physics each year and moved into the regular workforce
(path F). As a net result, the postdoctoral population in this field
only declined by approximately 50 scientists annually. In chemistry
there was a net decrease of 25 postdoctorals a year between 1973 and
1979. Of the 1,550 doctorate recipients, an average of 625 (40

l4porter (1979), p. 17.

SFor a description of the changing employment market in chem-
istry, see "Employers Intensify Their Search for Chemical Pro-
fessionals” in Chemical and Engineering News (October 23, 1978).
16gee the analysis of question 10 in Appendix D and the analysis of
question 10 in Appendix E.
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percent) took postdoctoral appointments in chemistry (path C), along
with 25 graduates from other fields (path D). Approximately 675 of
those holding postdoctoral appointments in chemistry completed their
apprenticeships each year (path F).

Although the postdoctoral populations in these fields have not
expanded significantly during the past decade, there may be reason for
concern. From responses to the committee's survey of FY1972 Ph.D.
recipients, we found convincing evidence that many young physicists
and chemists had prolonged their postdoctoral apprenticeships because
they could not find other employment that they wanted. As reported in
Table 4.5, approximately 36 percent of the FY1972 physics graduates
who had taken postdoctoral appointments had extended their appoint-
ments for this reason. As many as 38 percent of the chemists had done
the same. Of those chemistry graduates who had held postdoctoral
appointments more than 2 years, over two-thirds indicated that they
had prolonged their appointments because other employment opportuni-
ties were unavailable. The frustrations of those graduates caught in
a "postdoctoral holding pattern” are apparent from several of the
comments made by respondents to our survey. For example, one young
chemist noted:

I got my degree in 1971 (FY1972). There are colleagues of
mine still doing post-docs from that time because
university/research jobs are not around. Disappointment and
disgust abound. Expectations have not been fulfilled, and
the era of the perpetual postdoc is upon us.

Although the survey results suggest that chemistry postdoc-
toralsl8 have prolonged their appointments more frequently than
either the physicists or bioscientists, the situation for chemists may
not be as serious. As the data in the first column of Table 4.5
indicate, the chemists were not as likely to hold postdoctoral
appointments for long periods of time. Thirty-seven percent of the
chemistry postdoctorals had remained on appointments longer than 2
years, compared with approximately half of the physicists and
bioscientists. Furthermore, only 13 percent of the chemists reported
that they had held postdoctoral appointments for more than 3 years,
while more than one-fourth of the postdoctorals in the other two
fields had extended their appointments that long. One might infer
from these differences that although many chemistry postdoctorals
indicated they had prolonged their appointments because of difficulty

17The comment was provided by a FY1972 chemistry Ph.D. recipient, in
response to item #17 in the committee's survey.

18For the analysis presented here, the "chemistry postdoctorals”
include all Ph.D. recipients in chemistry who had taken postdoctoral

appointments after graduation, regardless of what field they held
their appointments in.
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TABLE 4.5
PERCENT OF FY1972 DOCTORATE RECIPIENTS IN PHYSICS, CHEMISTRY, AND BIOSCIENCES

WHO HAD PROLONGED THEIR POSTDOCTORAL APPOINTMENTS BECAUSE OF DIFFICULTY
IN FINDING OTHER EMPLOYMENT THEY WANTED

Held Prolonged
Postdoc Postdoc
N %
Physics Ph.D. Recipients
Total Who Took Postdoctoral Appts 563 36
Held Appts. Longer Than:
12 Months 442 45
24 Months 272 56
36 Months 168 64
48 Months 87 74
Chemistry Ph.D. Recipients
Total Who Took Postdoctoral Appts. 952 38
Held Appts. Longer Than:
12 Months 749 48
24 Months 356 68
36 Months 126 (73)
48 Months 46 (72)
Bioscience Ph.D. Recipients
Total Who Took Postdoctoral Appts. 1,617 28
Held Appts. Longer Than:
12 Months 1,323 33
24 Months 816 47
36 Months 423 58
48 Months 217 62

NOTE: Percentage estimates reported in this table are derived from a sample
survey and are subject to an absolute sampling error of less than
S percentage points, unless otherwise indicated. Estimates with
sampling errors of 5 or more percentage points are reported in
parentheses. See Appendix G for a description of the formula used
to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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in finding other employment, they had been more successful in securing
alternative positions than their counterparts in physics and the
biosciences.

What types of employment have young physicists and chemists
found? An analysis of the subsequent employment situations of
FY1972 Ph.D. recipients reveals that less than half of those who had
taken postdoctoral appointments shortly after graduation have obtained
faculty positions. Of the estimated 550 former postdoctorals in
physics, fewer than 35 percent held faculty appointments and only 14
percent had received tenure by 1979 (Table 4.6). Even a smaller
fraction of the former postdoctorals in chemistry were employed as
faculty--only 22 percent of these graduates held tenure track
positions in colleges and universities in 1979 (Table 4.7). 1In
contrast, almost 29 percent of the chemists who had never taken
postdoctoral appointments were employed on academic faculties at this
time. For the majority of these young physicists and chemists the
postdoctoral path has led to careers outside the academic sector.

Most of the chemists who had followed this path eventually found
industrial positions. Many of the physicists eventually found employ-
ment In government and federally funded research and development
center (FFRDC) laboratories as well as in industry. Further consider-
ation of the applicability of postdoctoral experience for careers in
the nonacademic sectors is presented in the next chapter.

Of paramount importance to this analysis is the question of
how many of the FY1972 graduates with experience on postdoctoral
appointments were successful in obtaining positions which allowed them
to function as independent investigators. As reported in Table 4.8,
approximately three-fourths of the physicists with this experience
were involved to a significant degree19 in basic or applied research
activities, regardless of the sector in which they worked. In fact,
those employed in nonacademic sectors were more active in research and
had published almost as many articles as their colleagues in universi-
ties. Similarly, as many as three-fourths of the chemistry graduates
who had held postdoctoral appointments devoted a significant fraction
of their time to research activities (Table 4.9), although those
employed outside the academic sector had published, on the average,
only two articles during their careers. On the basis of this informa-
tion, it appears that the majority of former postdoctorals in both
fields were utilizing their research training--regardless of the
sector in which they were employed.

For the young physicist or chemist interested in a position in a
ma jor research university, 1 or 2 years experience as a postdoctoral
may be considered almost essential. Of the small group employed in
the largest research institutions, an estimated 71 percent of the
physicists and 89 percent of the chemists had been postdoctorals

19¢or purposes of this analysis this group includes those who
devoted at least one-fourth of their time to research activities.
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Table 4.6

COMPARISON OF 1979 EMPLOYMENT SITUATIONS OF FY1972 PHYSICS PH.D.

RECIPIENTS WHO TOOK POSTDOCTORAL APPOINTMENTS WITHIN A YEAR AFTER

RECEIPT OF THEIR DOCTORATES WITH THE SITUATIONS OF OTHER FY1972
GRADUATES WHO HAVE NEVER HELD APPOINTMENTS

Took Postdoc Within Never Held
Year After Graduation Postdoc
Employment Position in 1979 N % N %
Total 1972 Physics Ph.D.'s' 557 100 632 100
Major Research Universities?2 115 21 46 7
Tenured Faculty 28 5 19 3
Nontenured Faculty 53 10 19 3
Nonfaculty Staff 34 6 8 1
Other Universities and Colleges 132 24 166 26
Tenured Faculty 49 9 113 18
Nontenured Faculty 63 11 41 6
Nonfaculty Staff 20 4 12
Nonacademic Sectors 308 55 418 66
FFRDC Laboratories 91 16 82 13
Government 71 13 107 17
Business/Industry 126 23 186 29
Other Sectors 20 4 43 7
Unemployed and Seeking Job 2 o] 2 o]

1
Excludes graduates not active in the labor force in 1979.

2Included are 59 universities whose total R and D expenditures in 1977
represented two-thirds of the total expenditures of all universities and
colleges.

NOTE: Percentage estimates reported in this table are derived from a sample
survey and are subject to an absolute sampling error of less than 5
percentage points. See Appendix G for a description of the formula
used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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Table 4.7

COMPARISON OF 1979 EMPLOYMENT SITUATIONS OF FY1972 CHEMISTRY PH.D,

RECIPIENTS WHO TOOK POSTDOCTORAL APPOINTMENTS WITHIN A YEAR AFTER

RECEIPT OF THEIR DOCTORATES WITH THE SITUATIONS OF OTHER FY1972
GRADUATES WHO HAVE NEVER HELD APPOINTMENTS

Took Postdoc Within Never Held
Year After Graduation Postdoc
Employment Position in 1979 N % N £ 3
Total 1972 Chemistry Ph.D.'s 1 941 100 615 100
Major Research Universities? 142 15 18 3
Tenured Faculty 42 4 18 3
Nontenured Faculty 64 Y
Nonfaculty Staff 36 4 0
Other Universities and Colleges 119 13 166 27
Tenured Faculty 25 3 117 19
Nontenured Faculty 79 8 41 7
Nonfaculty Staff 15 2 8 1
Nonacademic Sectors 680 72 416 68
FFRDC Laboratories 38 4 0 Y
Government 78 8 86 14
Business/Industry 501 53 287 47
Other Sectors 63 7 43 7
Unemployed and Seeking Job 0 o] 15 2

lpxcludes graduates not active in the labor force in 1979.

21ncluded are 59 universities whose total R and D expenditures in 1977
represented two-thirds of the total expenditures of all universities and
colleges.

NOTE: Percentage estimates reported in this table are derived from a sample
survey and are subject to an absolute sampling error of less than S
percentage points. See Appendix G for a description of the formula
used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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Table 4.8

COMPARISON OF 1979 SALARIES, RESEARCH INVOLVEMENT, AND PUBLICATION RECORDS OF FY1972 PHYSICS
PH.D. RECIPIENTS WHO TOOK POSTDOCTORAL APPOINTMENTS WITHIN A YEAR AFTER RECEIPT OF THEIR
DOCTORATES WITH THOSE OF OTHER FY1972 GRADUATES WHO HAVE NEVER HELD APPOINTMENTS

Median Salaries in 1979 Involved in Some Research? Median Number of Articles3
Took No Took No Took No

Employment in 1979 Postdocl Postdoc Postdoc’ Postdoc Postdocl Ppostdoc
Total 1972 Physics Ph.D.'s $26,200 $28,100 76% 52% 5 2
Universities and Colleges 21,600 22,700 73 38 5 2

Faculty 22,000 22,400 70 34 6 2

Nonfaculty Staff 19,800 - 82 - 5 .
Nonacademic¢ Sectors 29,600 30,900 78 59

Government? 28,800 30,800 85 70

Business/Industry 30,300 32,200 74 55 4 2

Other Sectors -— - - - - -

lexcludes graduates who had taken their first postdoctoral appointment more than a year after they had
received their doctorates.

2percent of FY1972 Ph.D. recipients who spent at least one-fourth of their time in basic or applied research
activities.

3 Included are all articles of which the respondent had been principal author and which had been published
in refereed journals.

4 Includes positions in FFRDC laboratories as well as other government employment.

NOTE: Median and percentage estimates reported in this table are derived from a sample survey and are
subject to sampling errors of varying sizes. See Appendix G for a description of the formula
used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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Table 4.9

COMPARISON OF 1979 SALARTIES, RESEARCH INVOLVEMENT, AND PUBLICATION RECORDS OF FY1972 CHEMISTRY
PH.D. RECIPIENTS WHO TOOK POSTDOCTORAL APPOINTMENTS WITHIN A YEAR AFTER RECEIPT OF THEIR
DOCTORATES WITH THOSE OF OTHER FY1972 GRADUATES WHO HAVE NEVER HELD APPOINTMENTS

Median Salaries in 1979 Involved in Some Research?2 Median Number of Articles 3
Took No Took No Took No

Employment in 1979 Postdoc! Postdoc Postdoc!  Postdoc Postdocl Postdoc
Total 1972 Chemistry Ph.D.'s $27,300 $28,000 77% 39% 3 2
Universities and Colleges 22,300 22,400 79 20 7

Faculty 22,800 23,000 80 22 11 1

Nonfaculty Staff - - - - - -
Nonacademic Sectors 29,200 30,200 77 46 2 2

Government 4 - — - - 1 -

Business/Industry 29,600 30,400 82 53 2 2

Other Sectors - - - - - -

lExcludes graduates who had taken their first postdoctoral appointment more than a year after they had
received their doctorates.

2percent of FY1972 Ph.D. recipients who spent at least one-fourth of their time in basic or applied research
activities.

3Included are all articles of which the respondent had been principal author and which had been published
in refereed journals.

41Includes positions in FFRDC laboratories as well as other government employment.

NOTE: Median and percentage estimates reported in this table are derived from a sample survey and are
subject to sampling errors of varying sizes. See Appendix G for a description of the formula
used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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(Tables 4.6 and 4.7). On the other hand, several respondents to the
committee's survey questioned whether the experience as a postdoctoral
was an asset to a physics or chemistry Ph.D. recipient interested in
pursuing a research career outside the academic sector. From a
financial perspective, it may well have been a liability. Besides
receiving low pay as postdoctorals,20 those taking postdoctoral
appointments also forfeited 1 to 3 years of experience that might be
counted toward promotion. Often the years spent as a postdoctoral are
not fully counted in determining the starting salary of a young
investigator. As reported in Tables 4.8 and 4.9, the median salaries
of former postdoctorals were as much as $1,000 to $2,000 below those
of other physicists and chemists in the nonacademic sectors.

From a career perspective, the value of a postdoctoral appren-
ticeship depends on the type of nonacademic position being sought and
the nature of the postdoctoral experience. For physics and chemistry
graduates interested in research positions in either FFRDC's or large
govermment laboratories, one or two years of post-Ph.D. research
experience may be viewed as desirable as it is for faculty appoint-
ments in major research universities. For candidates seeking careers
in industry, this experience is less important unless it has direct
relevance to the research problem which is to be worked on. The vice-
president in charge of an industrial laboratory which had hired 19
physicists and chemists within the past 2 years told our committee:

Our observations of postdoctorals vis—a-vis fresh Ph.D.'s
make us extremely wary of generalizing. It does mean,
however, that the experience is not very beneficial un-
less the research training for the Ph.D. was deficient.
In such cases it is most important that the appointment
be at another institution. The other exception is when
the fresh Ph.D. has a burning desire to pursue a line of
enquiry that can best be done as a postdoctoral. In
most cases it appears that postdoctorals are in holding
patterns awalting an academic appointment that will not
materialize . . . The best generalization we can make

is that the experience represents additional value to

us only when the postdoctoral activity was congruent
with the specific topics of concern to these laborator-
ies. In most situations this is unlikely, and the

time must be considered to have been spent in a not

very efficient manner.21

20pi fferences between postdoctoral stipends and the starting
salaries paid to other graduates are considered in Chapter 5.

lfrom a response to our committee's request for information from
managers of industrial laboratories.
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Psychology and Social Sciences

In comparison with trends in physics and chemistry the post-
doctoral expansion in psychology and the social sciences has been a
more recent phenomenon. In the late 1950's fewer than 5 percent of
the doctorate recipients in psychology and 2 percent of those in the
social sciences intended to take postdoctoral appointments after they
had received their degrees.22 Since then there have been continuous
increases in both the annual total of doctoral graduates in these
fields and the fraction who planned continued study. As shown in
Figure 4.8, the number of psychology graduates expecting to hold
postdoctoral appointments climbed steadily from approximately 30
individuals in FY1958 to more than 500 in FY1979. During this same
2l-year period the number of social scientists planning postdoctoral
study rose from 15 to over 200 graduates annually. Furthermore, in
recent years the overall growth in the postdoctoral populations in
these fields has shown no signs of slowing, as it has in physics and
chemistry. Between 1972 and 1979 the total number of individuals
holding postdoctoral appointments in psychology and the social sci-
ences has more than doubled--a rate of increase 12 percent or more in
each field.23 By 1979 there were an estimated 850 postdoctorals in
psychology and 550 in the social sciences.

Despite these remarkable postdoctoral growth trends, the frac-
tions of doctoral graduates taking postdoctoral appointments in these
two fields are still quite small in comparison with the fractions in
physics, chemistry, and the biosciences. Figure 4.9 describes the
early career patterns of both psychologists and social scientists
during the period between 1973 and 1979. The numerical estimates
represent the average number of individuals each year who have
followed alternative pathways into the workforce. For purposes of
comparison the estimates for psychologists (P) and social scientists
(S8S) are reported in the same figure. An average of only 375 (14
percent) of the graduates in psychology took postdoctoral appointments
in this field each year (path C), along with another 50 graduates from
other fields (path D). Among the doctorate recipients in the social
sciences, an average of only 150 (5 percent) followed the postdoctoral
pathway in this field. During the 1973-79 period, then, there has
been an annual net growth in the postdoctoral populations of approxi-
mately 50 psychologists and 25 social scientists.24

223¢e Table 4.12 in the supplement to this chapter.

23The postdoctoral growth patterns in these two fields are presented
in Figure 3.4 of the preceding chapter.

24The net growth in the postdoctoral population can be determined
from the difference between the estimated number taking postdoctoral
apointments (paths C and D) and the number completing their
appointments (path F).
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FIGURE 4.8 Number of Ph.D. recipients in psychology and the social
sciences planning to take postdoctoral appointments after graduation,
1958-79. Because of a change in definition, FY1969-79 data are not
strictly comparable with data from earlier years. From National
Research Council, Survey of Earned Doctorates.
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At the same time the regular doctoral workforce (excluding postdoc~-
torals) in each field has been expanding by 2,725 scientists per
year.23

Although the postdoctoral appointment may still be regarded as a
departure from the usual career pattern for the majority of young
psychologists and social scientists, in recent years the appointment
has been frequently utilized by graduates in certain disciplines--in
particular, those directly related to health and behavioral research.

Postdoctoral research training has been acknowledged as
an important means to strengthen or develop skills in such
areas as population research, including demographic and
fertility studies, in evaluation research and computer
simulation methods, and in the role of behavior in
disease development. Such training is also viewed as a
means to extend the cooperative study of brain functions
by neuro- and behavioral scientists with respect to such
processes as learning, sensation and perception, sleep,
aging, and emotion. Finally in the area of behavior
development, postdoctoral research training may provide
the skills necessary to elaborate more precise methods
for diagnosing hyperkinesis, autism, and various forms

of mental retardation and to provide techniques to better
understand the interaction of individual, family, and
society in adolescent development.26

Figure 4.10 presents the percentage of FY1978-79 doctorate recipients
in selected disciplines who expected to take postdoctoral appointments
after graduation. More than two-thirds of the physiological psycho-
logists were planning postdoctoral study. Many of these graduates, of
course, will eventually seek faculty and other research staff posi-
tions in medical schools. Of those receiving doctorates in experi-
mental and developmental psychology, approximately one-fourth expected
to take postdoctoral appointments. Graduates in the three aforemen-
tioned disciplines, along with those in clinical psychology, accounted
for two thirds2/ of all psychology Ph.D. recipients planning post-
doctoral appointments after graduation. Among the social scientists,
the sociologists and anthropologists constituted more than half28 of
the FY1978-79 graduates planning postdoctorals. Postdoctoral appoint-
ments were taken most frequently by anthropologlists—--approximately
one-fifth of these graduates expected to take such appointments.

25The net growth in the regular doctoral workforce can be determined
from the difference between the estimated number entering the work-
force (paths B, E, and F) and the annual attrition (path G).
26National Research Council (1977), p. 102.

270f the 1,044 psychology graduates planning postdoctoral appoint-
ments, a total of 704 were in these four disciplines.

280f the 452 Ph.D. recipients in the social sciences who planned
postdoctoral appointments, 234 were in these two disciplines.
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FIGURE 4.10 Percent of FY1978-79 Ph.D. recipients in selected disci-
plines within psychology and the social sciences who planned to take
postdoctoral appointments after graduation. Numbers given in paren-
theses represent the actual number of graduates planning postdoctoral
appointments. From National Research Council, Survey of Earned
Doctorates.
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The numbers of psychologists and social scientists who have had
experience as postdoctorals are not sufficiently large to permit a
detailed analysis of the postdoctoral "holding pattern” in these
fields, as was presented in the preceding sections of this chapter.
Nonetheless, there is evidence to suggest that a lack of employment
opportunities in some areas of psychology and the social sciences has
influenced the early career decisions of a significant fraction of
recent graduates. Of the estimated 240 social science Ph.D. reci-
pients in FY1978 who took postdoctoral appointments, more than
one-fifth29 indicated that they had done so primarily because other
employment they wanted was not available. On the other hand, less
than 10 percent of the FY1972 graduates in this field who had taken
postdoctoral appointments reported that they had prolonged their
appointments because of difficulty in finding other employment (Table
4.10). Several of the comments provided by respondents to the
committee's survey suggest that FY1978 graduates in the social sci-
ences may have encountered more difficulty in finding employment than
their FY1972 colleagues. For example, one young sociologist still on
a postdoctoral appointment commented:

I received my current "postdoctoral” position in 1977
FY1978). At the time the job market in my field was
terrible, but I did have several faculty job options. I
took this research position (a postdoctoral at a major
research university) because it was a unique opportunity to
work with special people. But now, two years later, the job
market in my field has collapsed. Though I have been very
productive in terms of publications, etc., I have no idea
what the future will bring at this point. 1I've talked to
many other young, productive sociologists about these is-
sues latelg, and the level of stress and anger is
alarming.3

From the evidence available it appears that the situation for
young psychologists may also be of some concern. Approximately 16
percent of the FY1978 graduates taking postdoctoral appointments had
done so primarily because they could not find other employment; 14
percent of the FY1972 graduates who had held appointments had
prolonged their period of postdoctoral education as a result of not
being able to obtain other employment they preferred. Nonetheless,
only 14 percent of the FY1972 psychology graduates with experience as
postdoctorals and 16 percent of their colleagues in the social
sciences had remained on appointments longer than 2 years (Table
4,10).

293¢e Table 4.1 presented earlier in this chapter.
e commment was provided by a FY1978 social science Ph.D.
recipient in response to item #15 in the committee's survey.
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Table 4.10

PERCENT OF FY1972 DOCTORATE RECIPIENTS IN PSYCHOLOGY AND THE SOCIAL SCIENCES
WHO HAD PROLONGED THEIR POSTDOCTORAL APPOINTMENTS BECAUSE OF DIFFICULTY IN
FINDING OTHER EMPLOYMENT THEY WANTED

Held Prolonged
Postdoce Postdoc
N $
Psychology Ph.D. Recipients
Total Who Took Postdoctoral Appts. 303 14
Held Appts. Longer Than:
12 Months 145 28
24 Months 41 (44)
Social Science Ph.D. Recipients
Total Who Took Postdoctoral Appts. 228 9
Held Appts. Longer Than:
12 Months 54 (39)
24 Months 36 (53)

NOTE: Percentage estimates reported in this table are derived from a sample
survey and are subject to an absolute sampling error of less than 5
percentage points, unless otherwise indicated. Estimates with sampling
errors of 5 or more percentage points are reported in parentheses.

See Appendix G for a description of the formula used to calculate
approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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The postdoctoral growth that has occurred in certain psychology
and social science disciplines is too recent a phenomenon to evaluate
how successful those who have taken postdoctoral appointments in these
disciplines have been in pursuing careers in research. Nevertheless,
some general comments can be made about employment prospects for
graduates in these fields. First, it should be emphasized that at the
present time the total numbers of psychologists and social scientists
who have been forced to prolong their postdoctoral apprenticeships are
still quite small. Of the total 4,700 individuals who had earned
doctorates in these two fields in FY1972, less than 2 percent31
had held postdoctoral appointments longer than 2 years. Secondly,
increasing numbers of psychologists and social scientists have found
employment outside the academic sector in recent years. Between 1973
and 1979 the total number of psychologists employed in government,
business/industry, and other nonacademic sectors grew at a rate of
approximately 10 percent per year.32 The rate of growth for nonaca-
demic employment in the social sciences was even greater. The availa-
bility of employment opportunities outside academia is further
substantiated by the high ratio of job offers to inquiries made by
FY1973 Ph.D. recipients who sought nonacademic positions. In both
fields the ratio for graduates seeking nonacademic employment was
approximately four times that for graduates seeking faculty positions
(see Figure 3.6 in the preceding chapter). By comparison the pros-
pects for academic employment have not been as promising. A very
recent study of the employment outlook for behavioral scientists
(including psychologists, anthropologists, and sociologists)
concluded:

The Committee has been, and continues to be, concerned
that academic demand for behavioral scientists will de-
cline in the mid-1980's due to a levelling off of growth
in college and university enrollments and to the relative-
ly young age of tenured faculty.33

For many young psychologists and social scientists, then, the efficacy
of postdoctoral experience will depend on the extent to which it
prepares them for research careers outside the university and college
setting.

Earth Sciences and Agricultural Sciences

Early development of the postdoctoral appointment in both the
earth and the agricultural sciences followed a course quite similar

3lgaged on data reported in Table 4.10,
325ee Table 3.6 in Chapter 3.
33National Research Council (1980), p. 56.
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to that in psychology and social sciences, although the postdoctoral
populations in the former set of fields were somewhat smaller. Be-
tween 1958 and 1973 there were substantial increases in the numbers of
earth and agricultural scientists earning doctorates each year, as
well as in the fractions of these graduates taking postdoctoral
appointments. By 1973 more than 140 graduates in each field planned
to hold postdoctoral appointments after completing their doctoral
programs (Figure 4.11). Since that time, the number of agricultural
scientists planning postdoctoral study has declined slightly, while
the number in the earth sclences continued to grow. In each of the
past 2 years more than 175 (30 percent) of the earth science graduates
expected to take postdoctoral appointments. These increases led to a
modest expansion in the aggregate postdoctoral population34 in this
field, as illustrated in Figure 3.4 in the previous chapter. The
total number of individuals holding such appointments in the earth
sciences grew from an estimated 325 in 1973 to 425 in 1979. The
postdoctoral population in the agricultural sciences also grew during
this same period (from approximately 75 to 250 individuals), despite
the recent decline in the number of graduates in this field planning
postdoctoral study.

These growth patterns are depicted in Figure 4.12, which presents
the estimated number of scientists each year who followed alternative
career tracks. As shown in this figure, the majority of graduates in
both fields entered the workforce directly (path B), and did not opt
for appointments as postdoctorals (path C). Of the average 600 earth
science graduates each year (during the 1973-79 period), approximately
25 percent took postdoctoral appointments in this field. Of the 750
graduates in the agricultural sciences, only 13 percent took postdoc-
toral appointments in the field. During this 6-year period the post-
doctoral pogulation in each field expanded by only slightly more than
25 persons. 5

The majority of earth scientists pursuing postdoctoral education
had earned their doctorates in one of three disciplines: geophysics
(including atmospheric sciences), oceanography, and geochemistry.

More than one~third of the FY1978-79 graduates in each of these
disciplines expected to hold postdoctoral appointments after
completion of their doctoral programs (Figure 4.13). Nearly half of
those in geophysics, in fact, planned postdoctoral study. In all
other earth science disciplines such appointments were scarce. One
important reason for this was the lack of postdoctoral support.

341ncluded in this population are all persons holding postdoctoral
appointments in the earth sciences, irrespective of their doctoral
field or year of graduation.

There were increases of approximately 100 postdoctorals in each
field between 1973 and 1979.
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FIGURE 4.11 Number of Ph.D. recipients in earth and agricultural sciences plan-
ning to take postdoctoral appointments after graduation, 1958-79. Because of a

change in definition, FY1969-79 data are not strictly comparable with data from

earlier years. From National Research Council, Survey of Earned Doctorates.
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postdoctoral appointments after graduation. Numbers given in paren-
theses represent the actual number of graduates planning postdoctoral
appointments. From National Research Council, Survey of Earned
Doctorates.
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Several of the recent graduates we surveyed indicated that they would
have preferred to have taken postdoctoral appointments, but could not
find funding for such positions. For example, one marine ecologist
who had recently earned his doctorate commented:

They [postdoctoral appointments] are needed and beneficial,
but so few are realistically available in coastal marine
work, that they are not practically available to any but
the creme de la creme in the field. Those of us that are
of less intellectual bent than the genius stand little
chance of ever seeing such a position. 6

In the agricultural sciences the postdoctorals were concentrated in
five disciplines: phytopathology, animal sciences, soil sciences,
agronomy, and food sciences. Approximately one-fourth of the
FY1978-79 Ph.D. recipients in the first three of these disciplines had
planned postdoctoral study after graduation.

The total numbers of recent graduates with postdoctoral experi-
ence in these two fields are still too small to permit a quantitative
assessment of the utility of postdoctoral training for subsequent
careers in research. Nevertheless, it is quite apparent from the com-
ments received from several survey respondents that the availability
of substantially higher paying employment oppor;unities37 has been
an important disincentive for young scientists considering postdoc-—
toral appointments in these fields. More than half of all FY1978
Ph.D. recipients in both earth and agricultural sciences indicated
that they had not taken postdoctoral appointments either because "more
promising career opportunities were available" or because "postdoc-
toral salaries were too low compared with other employment opportuni-
ties.” A recent graduate in agricultural economics summarized the
situation in his own discipline:

For many in my field, including myself, employment with a
research agency of the federal government is seen as a
secure, high paying means to obtain the same advantages
of a postdoctoral appointment. It provides research ex-
perience and an opportunity to learn new techniques in
preparation for an academic or other position without

the restrictions of a postdoc.

As for those who have taken postdoctoral appointments, very few have
encountered difficulty in finding subsequent employment. The earth

36The comment was provided by a FY1978 earth science Ph.D. recipient
in response to item #15 in the committee's survey.

374 discussion of employment opportunities in these and other
science fields is presented in Chapter 3.

8The comment was provided by a FY1978 agricultural science Ph.D.
recipient in response to item #15 in the committee's survey.
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scientists have been particularly successful in this regard. Of the
estimated 110 FY1972 graduates in this field who took postdoctoral
appointments after graduation, only 6 percent indicated that they had
prolonged their appointments because they were unable to find other
employment they preferred.39 Furthermore, less than one-third of
this group held appointments for longer than 2 years. 0

Engineering and Mathematical Sciences

Postdoctoral trends in engineering and the mathematical sciences
(including computer sciences and applied mathematics) differ markedly
from patterns in the other science fields considered in the preceding
sections of this chapter. Figure 4.14 illustrates the 1958-79 post-
doctoral trends in these two fields for those that had earned doctor-
ates at U.S. universities. The number of engineers who expected to
take postdoctoral appointments after completion of their doctoral
programs (at U.S. universities) has dropped significantly during the
past 7 or 8 years. This decline followed a 5-year period of growth in
which the number of engineering postdoctorals had increased at a rate
nearly comparable to that in physics. In contrast, there has been
minimal growth over the past two decades in the number of mathematical
science graduates planning postdoctoral study. By 1972 the total
number of mathematicians expecting to hold postdoctorals reached a
peak of only 100 graduates—-the fewest in any science field--and has
remained at that level since then.

The overwhelming majority of recent doctorate recipients in
both fields have entered the regular workforce directly rather than
follow the postdoctoral route. Between 1973 and 1979 an average of
only 13 percent of the graduates in engineering and 8 percent of those
in mathematical sciences took postdoctoral appointments (Figure 4.15).
The aggregate postdoctoral population41 in each field constituted as
little as 1 percent of the total Ph.D. labor force in 1979. Further-
more, this population has not grown much in either field since 1973,
as shown in Figure 3.4 in the preceding chapter.42 The absence of
postdoctoral expansion in engineering may be largely explained by the
availability of substantially higher paying career opportunities for

395ee the analysis of question 11C in Appendix D.
40see the analysis of question 12B in Appendix D.

lFor the purpose of this analysis the postdoctoral population
excludes individuals who held appointments in the United States but
had earned their doctorates from foreign universities. In engineering
this group was quite large. However, we have no means of estimating
the growth pattern for this foreign group.
421y engineering, in fact, the postdoctoral group shrank during the
1973-79 period.
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FIGURE 4.14 Number of Ph.D. recipients in engineering and mathematical sciences
planning to take postdoctoral appointments after graduation, 1958-79. Because
of a change in definition, FY1969-79 data are not strictly comparable with data
from earlier years. From National Research Council, Survey of Earned Doctorates.
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young engineers. The majority of these opportunities lay outside the
academic sector, as mentioned in the previous chapter. The recent
experience of a young bioengineer highlights the job market situation:

I left my post-doc after 4 months because I could not af-
ford to live on $12,500. I am now earning $35,000 in in-
dustry, but have academic affiliations. Nonetheless 1
would have rather stayed in a hosgital setting doing re-
search and working with patients. 3

An important factor contributing to the absence of postdoctoral ex-
pansion in mathematical sciences has been a lack of available fund-
ing for such appointments. Furthermore, as reported in Table 3.3 in
the previous chapter, much of the recent hiring in mathematics has
been for positions outside the academic sector--positions for which
postdoctoral experience was most likely not considered an important
qualification.

Figure 4.16 presents the number and percent of FY1978-79 Ph.D.
recipients in selected areas of engineering and mathematical sciences
who had expected to hold postdoctoral appointments after completion of
their doctoral programs. Only those areas with at least 25 graduates
(within the 2-year period) planning postdoctoral study are included.
It is not at all surprising to find that postdoctoral appointments
were most frequently taken by biomedical engineers--44 percent of them
expected to hold such appointments. It is likely that many of these
graduates sought medical school faculty positions for which postdoc-
toral experience was regarded as almost a prerequisite. As shown in
the figure, more than one-fourth of the graduates in materials science
and metallurgy also expected to hold postdoctoral appointments. In
other areas of engineering the postdoctoral percentages were smaller,
although the areas of electrical and mechanical engineering produced
the largest numbers of graduates planning postdoctoral study.

Within the mathematical sciences there are three sets of
disciplines with quite different patterns of employment and postdoc-
toral activity: core mathematics (including pure mathematics and
classical applied mathematics), statistics and operations research,
and computer sciences. In core mathematics there are a small number
of what might be called "classical postdoctoral fellowships,” includ-
ing those established by the National Science Foundation a few years
ago. In addition, there are numerous "quasi-postdoctoral appoint-
ments.” These are temporary, nontenure-track instructorships or
assistant professorships—-primarily in major research departments
--that provide talented young mathematicians an opportunity to do
research while having relatively light teaching loads and few other
faculty responsibilities. The Peirce appointments at Harvard, Moore

43The comment was provided by a FY1978 engineering Ph.D. recipient
in response to item #15 in the committee's survey.
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FIGURE 4.16 Percent of FY1978-79 Ph.D. recipients in selected disciplines
within mathematical sciences and engineering who planned to take postdoctoral
appointments after graduation. Numbers given in parentheses represent the
actual number of graduates planning postdoctoral appointments. From National
Research Council, Survey of Earned Doctorates.
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at MIT, and Gibbs at Yale are examples of such positions (but many do
not carry named titles). Individuals are usually not permitted to
hold appointments of this type longer than 2 or 3 years, although they
may subsequently accept similar positions at other institutions. In
contrast to the situation in the 1960's when tenure-track positions in
ma jor research departments were generally available to the most prom-
ising young investigators, these "quasi-postdoctoral appointments”
have been the primary academic research positions open to many
talented young mathematicians in the 1970's. In almost all postdoc-
toral and "quasi-postdoctoral” positions in core mathematics, the
responsibility for the choice of direction of research is that of the
young investigator who may choose to work in areas of senior faculty
interest or in his or her own area of interest.

Within statistics and operations research, the postdoctoral
opportunities lie primarily in the areas of application and research
methods. Anecdotal information suggests that many of these positions
are supported by federal research grant and contract funds. Within
the computer sciences, very few Ph.D. recipients have taken postdoc-
toral appointments. Of the individuals earning doctorates in
FY1978-79, fewer than 8 percent planned postdoctoral study. The
availability of lucrative career opportunities for computer scientists
in business and industry has undoubtedly been a key factor underlying
the lack of postdoctoral activity in this field--just as it has been
in many engineering disciplines.

Further analysis of the postdoctoral trends in engineering
reveals that an increasingly large fraction of the recent postdoc-
torals were foreign citizens who held temporary visas (and conse-
quently were not expected to remain in the U.S. workforce after
completion of their postdoctoral apprenticeships). By FY1978-79
foreign citizens on temporary visas constituted a magority of the
engineering Ph.D. recipients from U.S. universities4% who planned to
hold postdoctoral appointments in the United States (Figure 4.17).
Eight years earlier the foreign engineers made up only about one-
fourth of those planning postdoctoral study in this country. The
availability of high-paying career opportunities in industry for U.S.
citizens has been an important factor underlying the increase in
recent years in the postdoctoral fraction of foreign engineers. As
the chairman of an engineering department which has hosted both U.S.
and foreign postdocs noted,

[Many universities] are offering temporary postdoctoral
appointments at salary levels well below those in industry.
The job is temporary and often not very educational, and is

4410 FY1978-79 approximately 25 percent of the engineers who re-
ceived doctorates from U.S. universities were foreign citizens here on
temporary visas. More than one-third of this group expected to remain
in the United States on postdoctoral appointments.
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therefore only rarely attractive to our U.S. Ph.D. candi-
dates. « » . Such positions then tend to attract foreign
students, or students switching from areas where jobs

are less plentiful.45

It must be emphasized that the foreign postdoctoral estimates
presented in this chapter exclude those who had earned their
doctorates from foreign universities. In engineering this group

was quite large.46 In other fields there has been considerably less
postdoctoral participation either by foreign scientists who had
received their doctorates from foreign universities or by foreign
scientists who had completed their graduate training in the United
States. The important contributions made by foreign postdoctorals to
the research effort of their host departments and laboratories are
considered in Chapter 6.
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SUPPLEMENTARY TABLES FOR CHAPTER 4

Table 4.11

AN ESTIMATION OF THE PORTION OF THE 1972-77 INCREASE IN BIOSCIENCE POSTDOCTORALS
THAT IS ATTRIBUTABLE TO PROLONGATION IN THE AVERAGE TIME SPENT ON APPOINTMENTS

Year of Planned Hold 1972 Ratio
Doctorate Postdoc Postdocl B:A
(a) (B) (C)
1971 1,600 1,400 .88
1970 1,500 1,000 .67
1969 1,400 600 .43
1968 1,300 300 .23
1967 800 100 .13
Total 6,600 3,400
Projected
Year of Planned Hold 1977 1977 Postdocs 3
Doctorate Postdoc Postdoc? (C) X (D)
(D)
1976 2,300 2,100 2,000
1975 2,000 1,600 1,300
1974 1,800 1,000 800
1973 1,500 600 300
1972 1,700 300 200
Total 9,300 5,600 4,600

lpxcludes 300 postdoctorals who received their doctorates prior to 1967.
2gxcludes 700 postdoctorals who received their doctorates prior to 1972.

3on the basis of postdoctoral plans we would expect 4,600 graduates in the
1972-76 cohorts to have held appointments in 1977; an actual total of
5,600 did hold appointments. The difference of 1,000 individuals
represents the portion of postdoctoral increase between 1972 and 1977
that can be attributed to a prolongation of the average time spent on
postdoctoral appointments. Therefore, almost half of the net increase

of 2,200 postdoctorals is explained by the prolongation factor.

SOURCE: National Research Council, Survey of Doctorate Recipients,
1973 and 1977, and Survey of Earned Doctorates, 1967-76.
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Table 4.12

PERCENT OF SCIENCE AND ENGINEERING PH.D. RECIPIENTS FROM U.S.
UNIVERSITIES PLANNING POSTDOCTORAL STUDY AFTER RECEIVING THEIR
DOCTORATES, 1960-79

Fiscal Year of Doctorate .
Field of Doctorate 1960 1961 1962 1963 1964 1965 1966 1967 1968 1969

All Sciences & Engineering $ 9.1 11.9 13.5 14.7 14.3 15.3 15.9 16.3 16.3 21.2

Mathematical Sciences s 6.7 6.3 11.3 8.3 6.9 5.1 5.3 6.4 3.8 8.6
Physics s 7.9 10.6 14.9 15.4 16.4 17.5 22.3 22.7 19.9 35.7
Chemistry s 14.4 20.6 23.9 26.7 26.3 27.7 27.4 28.1 28.6 34.1
Earth Sciences s 2.8 9.1 6.3 9.3 5.7 8.6 12.9 1l1l.4 9.5 18.0
Engineering $ 2.6 1.8 2.3 4.9 4.5 4.8 4.8 3.9 4.0 6.4
Agricultural Sciences s 4.5 8.5 6.8 9.3 7.3 12.0 8.0 11.4 9.7 15.0
Biosciences s 18.4 24.2 27.1 27.6 29.2 30.5 31.2 33.5 36.4 43.1
Psychology s 7.6 8.2 9.8 10.6 10.5 14.2 13.6 13.0 12.3 14.3
Social Sciences s 1.5 2.9 2.7 2.7 1.9 2.2 2.4 3.2 2.8 3.9

Piscal Year of Doctorate
Field of Doctorate 1970 1971 1972 1973 1974 1975 1976 1977 1978 1979

All Sciences & Engineering $ 22,6 23.6 25.7 26.0 25.3 27.0 28.9 29.1 31.0 29.8

Mathematical Sciences $ 6.5 6.8 9.0 8.3 9.5 9.4 9.7 10.9 12.0 10.3
Physics $ 37.2 39.6 43.9 46.8 49.0 51.3 52,5 51.8 52.4 50.4
Chemistry $ 36.2 43.3 53.2 52.4 48.2 49.4 53.7 49.9 49.1 45.4
Earth Sciences $ 22.9 19.0 22.2 24.6 20.8 23.1 28.4 26.9 31.2 30.0
Engineering L] 7.8 10.3 13.7 1:4.5 12.8 13.8 16.3 16.0 18.2 14.3
Agricultural Sciences $ 15.1 14.6 14.3 19.2 18.0 16.7 17.5 16.2 17.1 15.8
Biosciences % 46.6 46.6 48.7 48.7 49.9 56.6 57.7 60.3 62.9 62.6
Psychology $ 13.1 14.6 13.0 13.0 13.8 14.5 16.3 16.9 18.0 iG.B
Social Sciences S 5.3 3.4 5.0 5.2 5.3 4.3 5.7 6.1 7.9 7.2

SOURCE: National Research Council, Survey of Earned Doctorates.
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5. AN EXAMINATION OF ISSUES FROM
THE PERSPECTIVE OF POSTDOCTORALS

In the interim report on postdoctorals our committee identified a
number of policy issues! that needed to be addressed in this study.
The most important of these dealt with (a) the desirability, from the
perspective of the young scientist or engineer, of taking a postdoc-
toral appointment; and (b) the contributions of postdoctoral appoin-
tees to the research effort of their host departments and labora-
tories. The former topic (a) has been considered at some length in
the preceding chapter. The latter topic (b) is the subject of Chapter
6. In pages immediately following we address, on the basis of what we
have learned in the study, a variety of other topics that were raised
in the interim report:

e a possible decine in postdoctoral interest on the part of
the most promising young investigators;

o the adequacy of postdoctoral financing;

o the level of postdoctoral participation by minority sci-
entists and engineers;

o the status of women postdoctorals in science and engineer-
ing;

e the efficacy of postdoctoral experience for those inter-
ested in careers outside outside the academic sector.

Although the topics listed cover quite a broad range of issues,
they share a common link. Each is concerned with whether or not the
postdoctoral institution is adequately meeting the needs of young sci-
entists and engineers who are interested in careers in research. A
number of questions might be raised in this regard. For example, have
declining prospects for career employment discouraged some of the most
promising young investigators from pursuing careers in academic re-
search (via the postdoctoral route)? Have the most promising young

1o total of 12 specific policy issues are identified and considered
in some detail in the interim report of our committee. For a listing
of these issues, see National Research Council (1978), p. 74.
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sclentists and engineers who took postdoctoral appointments encoun-
tered difficulty in finding employment positions after completing
their appointments? Has the postdoctoral stipend been too low to
attract many of the most talented young investigators? 1Is the frac—
tion of minority scientists and engineers taking postdoctoral appoint-
ments different from that for other doctorate recipients, and if so,
what factors contribute to the difference? Were women scientists and
engineers more likely than men to have been caught in what might be
called a "postdoctoral holding pattern”? Has experience as a
postdoctoral been an asset or a liability for the young scientist or
engineer who was interested in a research career in government or
industry? These and many other related questions are addressed in the
following sections of this chapter. The answers to such questions
largely depend, of course, on the established career patterns and
employment situations in the various fields of science and engineer-
ing. For this reason the analyses that follow pay particular atten-
tion to field differences. A major section in this chapter is devoted
to the opinions of recent graduates with regard to the advantages and
disadvantages of postdoctoral experience from their individual
perspectives.

Qualitative Trends

As shown in the preceding chapter, there have been large in-
creases during the past 20 years in the numbers of Ph.D. reciplents
who elected to take postdoctoral appointments. In certain fields
(i.e., the biosciences, psychology, the social sciences, and the earth
sciences) these increases have continued to the present time. In
other fields the numbers of graduates planning postdoctoral study have
stabllized or even declined somewhat in recent years. These trends
seem to reflect, in part, the changing state of the employment market
in the various science and engineering fields. For example, the large
build-up in the postdoctoral population in the biosciences may be at
least partly attributed? to the increasing difficulty recent
graduates in this field have encountered in finding employment posi-
tions they desired. The decrease in physics postdoctorals may also be
attributed to a worsening employment outlook that, since the late
1960's, appears to have discouraged many students from pursuing grad-
uate studies in this field. In the analysis presented in the preced-
ing chapter, we examined the quantitative impact that changing
employment market conditions appear to have had on the postdoctoral
populations in the biosciences, physics, and other fields. Was there
a qualitative impact in certain fields as well? One might speculate,
for instance, that in the face of rapidly diminishing opportunities in

2For a discussion of the factors contributing to the postdoctoral
build-up, see the section on "Biosciences"” in Chapter 4.


http://www.nap.edu/catalog.php?record_id=19643

133

academic research an increasing fraction of the most promising young
investigators have sought other types of positions for which experi-
ence as a postdoctoral was not considered a prerequisite.

To test this hypothesis, we have examined the postdoctoral plans
of two groups of highly promising graduates and compared our findings
with the plans of all graduates. The two groups include: (a) those
who had earned their doctorates from the twenty largest research uni-
versities;3 and (b) those who completed doctoral programs at major
research universities within less than 5 years after receiving their
baccalaureate degrees.“ The findings are presented in Figure 5.1
for selected fields. Although members of both of these groups were
more likely to have planned postdoctoral study than other graduates,
the differences were not as large as might be expected in any of the
fields examined. Furthermore, the recent trends fail to support the
hypothesis that in recent years an increasing fraction of the most
promising graduates {i.e., those in groups (a) and (b)] were choosing
not to follow the postdoctoral path to careers in research.

Another related issue is whether or not the most talented young
investigators have encountered as much difficulty as other Ph.D.
recipients in finding alternative employment after completion of their
postdoctoral appointments. One might speculate that it has been
primarily the "weaker"” graduates who have been caught in what we have
called a "postdoctoral holding pattern.” The data reported in Table
5.1, however, do not support such a hypothesis. Of the estimated
1,540 scientists and engineers who had earned doctorates from the 20
largest research universities in FY1972 and had subsequently taken
postdoctoral appointments, 26 percent indicated that they had pro-
longed their appointments because of difficulty in finding other
employment. This percentage is somewhat lower than that for doctorate
recipients from "other major research universities,“5 but not sig-
nificantly different from the percentage for graduates of other insti-
tutions with smaller research budgets. Furthermore, in each of the
fields we examined, graduates of the "other major research universi-
ties” were more likely than either of the other groups to have pro-
longed their postdoctoral apprenticeships. Unfortunately we do not
have available valid measures that would enable us to identify a small
number (perhaps 5 percent) of the most promising young investigators
in each field. Nevertheless, on the basis of the anecdotal evidence

3 It 1s assumed that graduates of those universities which (in
FY1977) had the largest total expenditures for R and D were among the
most talented young investigators.

For purposes of this analysis it is assumed that graduates who had
earned doctorates in less than 5 years after receiving their
baccalaureate degrees were also among the most talented investigators.
Some graduates, of course, may be included in both groups (a) and (b).
SFor a description of this set of institutions, see footnote 3 in
Table 5.1.
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FIGURE 5.1 Percent of Ph.D. recipients in selected fields of science and engi-
neering who planned to take postdoctoral appointments after graduation. Group
(a) includes graduates who had earned their doctorates from the twenty largest
research universities; group (b) includes graduates who had completed doctoral
programs at major research universities within less than five years after
receiving their baccalaureate degrees. From National Research Council. Survey
of Earned Doctorates.
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Table 5.1

PERCENT OF FY1972 PH.D. RECIPIENTS TAKING POSTDOCTORAL APPOINTMENTS
WHO HAD PROLONGED THEIR APPOINTMENTS BECAUSE
OF DIFFICULTY IN FINDING OTHER EMPLOYMENT THEY WANTED

Prolonged Appt.

Total Who Took Because
Field and Institution of Ph.D. Postdoc. Appt.l Couldn't Find Job
%
All Sciences and Engineering N
Twenty largest research universities? 1,540 26
Other major research universities3 1,380 33
Ph.D. recipients from other institutions 1,331 27
Biosciences
Twenty largest research universities 519 27
Other major research universities 575 30
Ph.D. recipients from other institutions 523 27
Physics
Twenty largest research universities 233 36
Other major research universities 182 41
Ph.D. recipients from other institutions 148 3l
Chemistry
Twenty largest research universities 261 (34)
Other major research universities 347 (42)
Ph.D. recipients from other institutions 344 (38)
Other Sciences and Engineering
Twenty largest research universities 527 18
Other major research universities 276 (22)
Ph.D. recipients from other institutions 316 12

lrotal FY1972 Ph.D. recipients who had taken postdoctoral appointments within
a year after receiving their doctorates.

2Included are Ph.D. recipients from the twenty universities with the largest
total R and D expenditures in 1977.

3Inc1uded are Ph.D. recipients from the next 39 largest universities, in terms
of total R and D expenditures in 1977. These, combined with the twenty
largest institutions, accounted for approximately two-thirds of the total R
and D expenditures by universities in 1977.

NOTE: Percentage estimates reported in this table are derived from a sample survey

and are subject to an absolute sampling error of less than 5 percentage
points, unless otherwige indicated. Estimates with sampling errors of 5
or more percentage points are reported in parentheses. See Appendix G for
a description of the formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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compiled in this study, the committee is convinced that challenging

and rewarding career opportunities in academic research are still
accessible to the most talented investigators in every field.

Postdoctoral Financing

In the preceding chapter the postdoctoral expansion (or decline)
has been explained primarly in terms of changes in the number of
indivdiuals completing doctoral programs and their interest in taking
postdoctoral appointments. Another important factor, of course, is
the availability of federal and nonfederal support for these appoint-
ments. An earlier National Research Council study of postdoctoral
education in the United States found that the federal govermment
funded more than two-thirds of the postdoctoral appointments in
1969.6 This funding has been an continues to be furnished through
three separate mechanisms. In the physical sciences and engineering,
for example, federal research grant and contract funds have provided
the majority of postdoctoral support, with principal investigators
selecting their postdoctoral research associates in accordance with
the particular requirements of the research project. The federal
postdoctoral fellowship has been used most frequently to support young
psychologists and biological scientists. It has the advantage of
providing direct support to talented young investigators who have been
chosen through national competition and allows them some flexi-
bility in selecting the mentor with whom they will work. A third
mechanism of federal support for postdoctorals, the training grant,
has been extensively utilized in the biomedical fields. These awards
are made to one or more graduate school or medical school programs,
with the trainees appointed by the training grant director. The award
generally provides full tuition and stipend support as well as partial
assistance for faculty salaries, equipment, supplies, and other train-
ing expenses. Much of the stipend support for postdoctorals in mathe-
matical sciences, agricultural sciences, and the social sciences has
come from nonfederal sources--in particular, university and state
funding. Although the research grant, fellowship, and training grant
programs differ in the mechanisms by which they furnish postdoctoral
support, they are not all that different with respect to the benefits
they afford to the individual and to the sponsors of research.

Many of the postdoctorals are supported on [federal] re-
search grants and make positive contributions to scien-
tific and scholarly knowledge. It is, in fact, this
creation of knowledge that the sponsors of these postdoc-
torals are purchasing; under research grants postdoctoral
training is a by-product. Conversely, those postdoctorals

6National Research Council (1969), pp. 233-5.
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supported by fellowships or traineeships, presum-
ably established to create or to promote new talent,
are also performing research. The roles of prime
purpose and by-product are reversed but the conse-
quence is similar. To abstract the costs attribut-
able to the postdoctoral and to identify these costs
as the costs of postdoctoral education is to ignore
the side benefits. The sponsors are simultaneously
purchasing research and training postdoctotals.7

During the past decade there have been significant changes in the
numbers of science and engineering postdoctorals receiving federal
support. Table 5.2 reports the numbers and percentages of FY1972 and
FY1978 Ph.D. recipients in each field who within a year after gradu-
ation had taken postdoctoral appointments that were primarily sup-
ported by federal training and research funds. A comparison of the
FY1972 and FY1978 data reveals several important findings. Although
there was an estimated 3 percent drop in total science and engineering
graduates taking postdoctoral appointments, the number who has re-
ceived federal support increased approximately &4 percent (from an
estimated, 2,830 postdoctorals to 2,950). Almost 72 percent8 of the
FY1978 Ph.D. recipients taking these appointments had been federally
funded, compared with 67 percent of the FY1972 cohort. Nearly all of
the growth in federal funding has been in research grants and con-
tracts. In chemistry and physics there have been substantial de-
creases in support for research training--a result of the severe
cutbacks in the NSF-sponsored postdoctoral fellowship program. In the
biosciences, on the other hand, the number of federally supported
fellows and trainees, most of whom were sponsored by the NIH,9 in-
creased somewhat between FY1972 and FY1978. In the mathematical
sciences, psychology, and the social sciences there has been a small,
but nonetheless significant, expansion in research support for post-
doctorals. In contrast, the number of engineering graduates with
postdoctoral funding from federal research grants and contracts
declined sharply. Although these findings clearly indicate that the
postdoctoral support patterns in each field have been quite different
and are rapidly changing, it is evident that the federal government
still plays a leading role in providing postdoctoral support in
science and engineering fields. By FY1978 more than half of the
graduates in every field who had taken postdoctoral appointments were

"National Research Council (1969), pp. 224-5.

81t should be noted that some postdoctorals who received stipends
from their host departments may not know the actual source of these
funds.

9A detailed account of the numbers of postdoctoral trainees and
fellows sponsored by NIH is available from National Institutes of
Health (1979), Table 29,
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Table 5.2
PRIMARY SOURCE OF FEDERAL SUPPORT FOR FY1972 and FY1978 PH.D. RECIPIENTS IN
SCIENCES AND ENGINEERING WHO TOOK POSTDOCTORAL APPOINTMENTS

Source of Federal Support

Total
Taking Training Grant/ Research Grant/
Postdocs Total Fellowship Contract
N N 3 N 3 N 3
All Fields, 1972 4,251 2,834 67 1,187 28 1,647 39
1978 4,106 2,954 72 1,189 29 1,765 43
Math. Sci., 1972 144 40 (28) 12 8 28 (19)
1978 106 55 (52) 12 11 43 (41)
Physics, 1972 563 417 74 90 16 327 58
1978 389 333 86 45 12 288 74
Chemistry, 1972 952 632 66 219 23 413 43
1978 576 466 81 78 14 388 67
Earth Sci., 1972 109 86 79 14 13 72 (66)
1978 174 131 75 21 12 110 63
Engineering, 1972 256 127 (50) 29 11 98 (38)
1978 175 91 52 30 17 61 35
Agric. Sci., 1972 79 55 (70) 3 4 52 (66)
1978 99 52 52 4 4 48 48
Biosciences, 1972 1,617 1,181 73 631 39 550 34
1978 1,880 1,407 75 757 40 650 35
Psychology, 1972 303 229 76 176 58 53 18
1978 471 291 62 176 37 115 24
Social Sci., 1972 228 67 29 13 6 54 24
1978 236 128 54 66 28 62 26

NOTE: Percentage estimates reported in this table are derived from a sample survey
and are subject to an absolute sampling error of less than 5 percentage points,
unless otherwise indicated. Estimates with sampling errors of 5 or more
percentage points are reported in parentheses. See Appendix G for a description
of the formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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primarily supported by federal funds. Only in psychology has there
been a significant increase in the fraction of postdoctoral assistance
from nonfederal sources.

From the comments received from the recent Ph.D. recipients the
committee surveyed, we found (not surprisingly) that the meager post-
doctoral stipend was an important deterrent for those considering
taking an appointment. For example, a young physicist who had by-
passed a postdoctoral opportunity in favor of an industrial position
told our committee:

[The] postdoc position seemed to be little more than a glori-
fied grad. student—-the pay was barely subsistence and you
were still expected to work 12 hrs./day in the lab. Who
needs more of that?! I graduated in order to leave that at-
mosphere (i.e., slavery). [Don't get me wrong. I still
spend 10 hrs./day in the lab.--but I get paid better for

1t.]10

Several recent graduates who had been awarded NIH postdoctoral fellow-
ships or traineeships were particularly distressed about the "payback
provision” they had been asked to sign. Since the National Research
Service Award Actll was instituted in 1974, all recipients of NIH

and ADAMHAl2 fellowship and traineeship awards (both postdoctoral

and predoctoral) have been required, after completion of their
training, to pursue careers in health-related research and teaching
for a period of time equivalent to the total months they had received
support. Failure to do so may result in the individual's being
required to pay back the support he or she had received (unless a
special waiver can be obtained from the Secretary HEW). A young
molecular biologist who had signed the payback agreement complained:

I don't feel that postdoctoral appointees are treated as
professionals. Salaries are lower than laboratory tech-
nicians, many secretaries, janitors, etc. Furthermore,
NIH postdocs are required to sign a demeaning statement
which is reminiscent of indentured servitude and implies
that the postdoc has taken the appointment with the intent,
in some cases, to cheat the government by taking some non-
research position in the future. It's ridiculous and
insulting.13

10The comment was provided by a FY1978 physics Ph.D. recipient, in
response to item #15 in the committee's survey.
11p copy of the NRSA legislation may be found in National Research
Council (1978b), Appendix A.
12Alcohol, Drug Abuse, and Mental Health Administration.

e comment was provided by a FY1978 bioscience Ph.D. recipient,
in response to item #15 in the committee's survey.
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The meagerness of the postdoctoral stipend is apparent from the
figures reported in Table 5.3. This table compares the median
postdoctoral stipend paid to FY1978 Ph.D. recipients (as of April
1979) with the median salary of other members of this cohort who were
employed full-time in other types of positions. Medians are presented
by field and sector so that valid comparisons can be made. For the
science and engineering group as a whole, salaries exceeded postdoc-
toral stipends by as much as $9,300 (i.e., $21,300 vs. $12,000). As
expected, the median salary level for faculty and other academic staff
was substantially below that for those employed in business and
govermment. Similar differences were found for postdoctoral stipends.
Postdoctorals holding appointments in govermment laboratories received
an average annual stipend of nearly $18,000, compared with the §11,500
paid to university postdoctorals. A field-by-field analysis reveals
that in every field except the mathematical sciences the wages paid to
postdoctorals were well below those paid to other graduates employed
in the same sector. In the mathematical sciences the average postdoc-
toral stipend was only $800 less than the median salary of other
university employees. There are two apparent reasons for this.

First, some mathematicians not on postdoctorals held instructorships
or nontenure-track university positions (described in Chapter 4).
Often these positions paid lower salaries than regular faculty
appointments. Secondly, the average postdoctoral stipend in the
mathemataical sciences was significantly higher than in any other
field--perhaps in recognition of the greater teaching responsibili-
ties given to postdoctorals in this field. Postdoctorals in the bio-
sciences, chemistry, and psychology received the lowest stipends--with
an average of $11,000 or less paid to those holding appointments in
universities. Many of these postdoctorals held NIH or ADAMHA fellow-
ships and traineeships that carried a starting stipend of §10,000.
When the starting stipend for these awards is increased to $13,400 in
FY1981, as planned, we expect the averages in these fields to rise
significantly.

Undoubtedly the large differential between postdoctoral stipends
and alternative starting salaries has discouraged many young
scientists and engineers from pursuing the postdoctoral route to
careers in academic research. The fact that postdoctorals cannot
expect, after completion of their appointments, to earn salaries
comparable to those received by other graduates who had not taken
these temporary appointments (as was demonstrated in the previous
chapterla) serves as an additional deterrent. On the other hand,
the career opportunities that are accessible only to those with post-
doctoral experience may override the substantial differences between
postdoctoral stipends and salaries.

14Subsequent salary differences between those who had held postdoc-
toral appointments and those who had not are considered in the prev-
ious chapter in the "Biosciences™ and "Physics and Chemistry"”
sections. "
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Table 5.3

COMPARISON OF MEDIAN POSTDOCTORAL STIPENDS AND FULL-TIME EMPLOYED SALARIES
OF FY1978 SCIENCE AND ENGINEERING PH.D. RECIPIENTS, 1979

All Fields
Median F-T Salary
Median Postdoc Stipend

Mathematical Sciences
Median F-T Salary
Median Postdoc Stipend

Physics
Median F-T Salary
Median Postdoc Stipend

Chemistry
Median F-T Salary
Median Postdoc Stipend

Earth Sciences
Median F-T Salary
Median Postdoc Stipend

Engineering
Median F-T Salary
Median Postdoc Stipend

Agricultural Sciences
Median F-T Salary
Median Postdoc Stipend

Biosciences
Median F-T Salary
Median Postdoc Stipend

Psychology
Median F-T Salary
Median Postdoc Stipend

Social Sciences
Median F-T Salary
Median Postdoc Stipend

Total

$21,300

12,000

18,900
17,000

24,000
15,000

24,000
12,000

21,600
14,900

26,000
15,000

21,000
12,000

20,000
11,500

20,000
10,500

20,900
11,000

Academic Sector

Major
Research Other
Total Univ. Univ.
$19,400 $20,100 $19,400
11,500 11,500 11,500
17,800 18,400 16,600
17,000 - -
17,600 18,000 16,000
14,000 14,000 13,400
16,500 - 14,300
11,000 10,800 11,000
18,900 - 18,900
14,900 14,900 -
23,000 23,200 23,000
15,200 14,600 -
20,000 20,000 20,000
12,000 11,400 -
19,400 20,000 19,000
11,000 11,000 11,500
18,800 18,800 18,900
10,400 10,400 10,400
20,400 20,400 20,100
11,000 11,000 -

Other Sectors

Indus./

Busn.

$25,500

Govt.

$23,000
18,000

Other

$21,000
12,600

NOTE: Median estimates reported in this table are derived from a sample survey and are
Estimates have been rounded to the nearest hundred

subject to sampling errors.

dollars.

SOURCE:

National Research Council, Survey of Scientists and Engineers, 1979.
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As far as benefits are concerned, from the point of view
of the postdoctoral himself the difference between his
postdoctoral stipend is defrayed in whole or in part by
his opportunity to obtain further research training under
a certain mentor as well as his expectation of being able
to secure a subsequent position in an institution which
he respects and of being able to make significant contri-
butions in his field.l?

The decision of whether or not to take a postdoctoral appointment
largely rests on the graduate's perception of future career prospects
in his or her field and on the current availability of alternative
employment. For doctoral engineers, the availability of industrial
positions with starting salaries of $25,000 or more makes the postdoc-
toral route seem most unattractive. More and more physical scientists
may also prefer nonacademic careers to the postdoctoral appointment.
Furthermore, as the prospects for faculty positions in major research
universities diminish along with reduced enrollments, we may expect to
find fewer of the most promising young investigators following the
postdoctoral path to careers in research.

Postdoctoral Participation By Minority Scientists and Engineers

There can be no doubt of the need to increase participation in
science and engineering of members of racial/ethnic minority groups--
blacks, Hispanics, Asians, and American Indians. At the present time
these groups constitute less than 9 percent16 of the total doctoral
labor force in science and engineering. Nor can there be any doubt
that the issues involved in increasing minority participation are
complex ones that will require intervention at all levels of the edu-
cational ladder. Here we limit our concerns to only those issues
pertinent to postdoctoral training, recognizing full well that, in
terms of attracting minority students to careers in science and
engineering, the greatest impact is to be made at the graduate and
undergraduate levels or even at the pre-college levels of education.

Over the past 5 years there have been small, but significant,
increases in the numbers of minority graduates earning doctorates in
science and engineering fields. Of the approximately 14,550 U.S.

15National Research Council (1969), p. 224.

16Based on 1979 Survey of Doctorate Recipients data that include
foreign scientists and engineers who were employed in the United
States and held either permanent or temporary visas as well as U.S.
citizens. The inclusion of the foreign groups undoubtedly inflates
the reported percentage of minority group members.
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citizensl” who received science and engineering doctorates -from U.S.
universities in FY1979, 930 identified themselves as belonging to one
of the racial/ethnic groups mentioned above (Table 5.4). This
represents an increase of approximately 38 percent over the number of
minority graduates in FY1975. Despite this increase, there has been a
decline in the number of minority scientists and engineers taking
postdoctoral appointments. As shown in Table 5.5, between FY1972 and
FY1978 there was an estimated 21 percent gain in the total number of
minority scientists and engineers receiving doctorates, but a 19 per-
cent drop in the number who took postdoctoral appointments. In every
set of fields except the social sciences the percentage of minority
graduates taking postdoctoral appointments also fell between FY1972
and FY1978, while the corresponding percentage for whites increased
significantly. By far the largest decine occurred in physical and
mathematical sciences. Only about one-fourth of the FY1978 minority
graduates in these fields had held postdoctoral appointments, compared
with almost half of the graduates 6 years earlier. Furthermore,
FY1978 minority Ph.D. recipients in all fields except the social
sciences were significantly less likely to take these appointments
than were their white colleagues.

The principal factors contributing to the observed decline in
postdoctoral participation by minority graduates are not fully under-
stood. The primary reasons given bg these graduates for deciding not
to take postdoctoral appointmentsl do not differ much from the
reasons given by other Ph.D. recipients—--more promising career oppor-
tunities were available; the appointment was perceived as being of
little or not benefit in terms of the graduate's career aspirations;
and the postdoctoral stipend was considered too low compared with
alternative salaries being offered. One might speculate that the in-
creasing uncertainty about careers in academic research may have had
greater influence on the career decisions of minority scientists than
othe graduates. Earlier studies!? have shown that minority gradu-
ates tend to be older and have more dependents at the time they
receive their doctorates than their white colleagues. For these
reasons many minority Ph.D. recipients may be unwilling to spend
additional years in postdoctoral training, receiving stipends well
below salaries offered by alternative employment. A second and
equally important reason for the decline in minority participation at
the postdoctoral level is the availability of alternative employment

17Exc1luded are approximately 1,000 foreign citizens on permanent
visas in the United States and 2,700 on temporary visas. Neither of
these groups is considered to belong to one of the five "protected”
racial/ethnic minority groups, as defined by the U.S. Office of Civil
Right Se

18gce analysis of question 10, Appendix E,

19¢i1ford and Snyder (1977), Chapter 1, and National Research

Council (1977), Chapter 8.
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Table 5.4

RACIAL/ETHNIC IDENTIFICATION OF U.S. CITIZENS EARNING DOCTORATES, FY1975 AND FY1979

Physical/Math
All S/E Sciences Engineering Life Sciences Social Sciences
1975 1979 1975 1979 1975 1979 1975 1979 1975 1979
Total Ph.D.'sl 14,977 14,553 3,758 3,369 1,769 1,356 3,916 4,191 5,534 5,637
White 13,319 12,217 3,350 2,855 1,551 1,084 3,539 3,597 4,879 4,681
Total Minority 674 933 135 191 93 115 163 223 283 404
Asian 211 343 53 86 62 78 56 113 40 66
Black 268 327 41 49 11 17 55 52 161 209
Hispanic 138 189 27 - 37 15 16 37 43 59 93
American Indian 57 74 14 19 5 4 15 15 23 36
Unknown 984 1,403 273 323 125 157 214 371 372 552

lpata exclude all non-U.S. citizens on either temporary or permanent visas.

SOURCE: National Research Council, Survey of Earned Doctorates, 1975 and 1979.
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Table 5.5

NUMBER AND PERCENT OF THE MINORITY GRADUATES WHO TOOK POSTDOCTORAL APPOINTMENTS
WITHIN A YEAR AFTER RECEIVING THEIR DOCTORATES, FY1972 AND FY1978 PH.D. RECIPIENTS

FY1972 Ph.D. Recipients FY1978 Ph.D. Recipients

Total Took Postdoc Total Took Postdoc
N N % N N %
a1l s/El
Minority graduates 716 234 33 865 190 22
Other graduates 14,559 4,017 28 13,197 3,916 30
Physical/Math Sci
Minority graduates 209 100 (48) 192 49 26
Other graduates 4,166 1,668 40 3,018 1,196 40
Engineering
Minority graduates 117 6 (5) 110 5 4
Other graduates 2,240 250 11 1,200 170 14
Life Sciences
Minority graduates 213 111 52 186 79 42
Other graduates 3,651 1,585 43 3,725 1,900 51
Social Sciences
Minority graduates 177 17 (10) 377 57 15
Other graduates 4,502 514 11 5,254 650 12

lData exclude all non-U.S. citizens on either temporary or permanent visas.

NOTE: Percentage estimates reported in this table are derived from a sample
survey and are subject to an absolute sampling error of less than 5
percentage points, unless otherwise indicated. Estimates with sampling
errors of 5 or more percentage points are reported in parentheses.

See Appendix G for a description of the formula used to calculate
approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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opportunities. Affirmative action programs and a general recogni-
tion by employers of the importance of hiring minority scientists and
engineers have greatly increased the demand for this group. This
attitude is reflected in the data reported in Figure 5.2, which
compares the median number of faculty job offers (per inquiry)
received by minority graduates and other FY1978 Ph.D. recipients. As
shown in the figure, minority graduates in all fields except engineer-
ingzo have been more successful than other graduates in receiving
offers for faculty positions. The strong interest in hiring minority
Ph.D. recipients was confirmed by anecdotal information our committee
received from university deans and department chairmen. As the dean
of a large graduate school commented, “". . . Ph.D. minority persons
are in such demand that they can't be bothered by taking added train-
ing as a postdoc.” Many of the minority scientists and engineers took
faculty positions immediately after completion of their doctoral
programs.21 Consequently there is concern that the lack of postdoc-
toral experience may limit the ultimate career achievement of minority
scientists, especially in fields like the biosciences, physics, and
chemistry in which such experience is generally regarded as valuable
to careers in academic research. The committee believes that it is as
important for the scientific community as it is for young minority
scientists that they be given greater encourgement to pursue postdoc-
toral education.

Utilization of Women Scientists and Engineers

The issues most important to the participation of women in
science and engineering activities are quite different from those dis-
cussed in the preceding section. During the past decade there have
been large increases in the number of women earning Ph.D. degrees from
U.S. universities. In fact, by FY1979 women constituted approximately
one~third of the doctorate recipients in the social science fields
(including psychology) and one-fourth of those in the life sci-
ences.22 In the physical sciences and engineering the fractions of
women graduates were considerably smaller--only 12 percent and 3
percent, respectively--but still growing. There have been correspond-
ing increases in all science and engineering fields in the numbers of
women taking postdoctoral appointments after receiving their doctor-
ates. As shown in Table 5.6, it is estimated that the total number of
women graduates taking postdoctoral appointments rose nearly 80 per-
cent between 1972 and 1978 while the number of men dropped 15 percent.

201 engineering, many of the minority Ph.D. recipients are foreign
citizens who, because of their citizenship and language difficulties,
may have encountered more problems in finding positions in the United
States than other minority graduates.

21g0e analysis of question 4 in Appendix E.

223¢e National Research Council (1980).
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Table 5.6

NUMBER AND PERCENT OF WOMEN AND MEN PH.D. RECIPIENTS IN SCIENCES AND ENGINEERING
WHO TOOK POSTDOCTORAL APPOINTMENTS WITHIN A YEAR AFTER RECEIVING THEIR DOCTORATES,
FY1972 AND FY1978 PH.D. RECIPIENTS

FY1972 Ph.D. Recipients FY1978 Ph.D. Recipients
Total Took Postdoc Total Took Postdoc
N N % N N %

All S/E

Women 1,796 501 28 3,031 899 30

Men 13,479 3,750 28 11,031 3,207 29
Mathematical Sciences

Women 78 13 17 101 13 13

Men 943 131 14 609 93 15
Physics

Women 24 1 4 30 18 (60}

Men 1,240 562 45 758 371 49
Chemistry

Women 140 63 45 146 59 40

Men 1,470 889 60 1,043 517 30
Earth Sciences

Women 16 6 (38) 56 15 27

Men 464 103 22 467 159 34
Engineering

Women 13 0 0 31 6 (19)

Men 2,344 256 11 1,279 169 13
Agricultural Sciences

Women 12 3 (25) 38 11 (29)
Biosciences

Women 580 325 56 841 460 55

Men 2,654 1,292 49 2,445 1,420 58
Psychology

Women 560 78 14 1,071 189 18

Men 1,557 225 14 1,817 282 16
Social Sciences

Women 373 12 3 717 128 18

Men 2,189 216 10 2,026 108 5

NOTE: Percentage estimates reported in this table are derived from a sample
survey and are subject to an absolute sampling error of less than 5
percentage points, unless otherwise indicated. Estimates with sampling
errors of 5 or more percentage points are reported in parentheses.

See Appendix G for a description of the formula used to calculate
approximate sampling errors. :

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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The largest increases in women postdoctorals were in those fields with
the largest growth in women Ph.D. recipients: the biosciences,
psychology, and other social sciences. In the social sciences women
graduates in FY1978 were more than three times as likely to hold
postdoctoral appointments as men. This difference can be partly at-
tributed to the fact that the women earning doctorates in the social
sciences were concentrated in anthropology and sociology--two fields
that together included the majority2 of the postdoctoral population
in the social sciences.

The data in Table 5.6 indicate that, in general, women were as
likely to take postdoctoral appointments as men. What these data do
not reveal, however, is that the postdoctoral decision was signifi-
cantly affected by the marital status and sex of the graduate. The
evidence for this finding is presented in Figure 5.3. In every field
men who were married at the time they received their doctorates were
less likely to opt for postdoctoral appointments than were single men.
In the life sciences, for example, 64 percent of the single men earn-
ing Ph.D. degrees in FY1978 took postdoctoral appointments compared
with 44 percent of the married men in that cohort. On the basis of
these findings it would seem that some men, faced with the responsi-
bilities of supporting families, were unable or unwilling to make the
financial sacrifice required in taking postdoctoral appointments.
Married women also were less likely than single women to hold these
appointments, although the percentage differences were not nearly as
large as those observed for men.

As for the motivation in taking or not taking an appointment, we
found essentially no differences in the primary reasons men and women
gave for their decisions.24 However, we did find that women gradu-
ates in all fields of science and engineering were much more likely to
be influenced by geographic considerations. Of the 900 women gradu-
ates in FY1978 who took postdoctoral appointments, more than half in-
dicated that limitations in their geographic mobility had an important
influence on their decision to accept an appointment (Table 5.7). As
might be expected, geographic restrictions were considerably more
imporant to married women than single. As many as 70 percent of the
former considered this an important factor in their decision to take
an appointment. On the other hand, only about one-fourth of the
men—--either married or single--indicated that limitations in geo-
graphic mobility significantly influenced their postdoctoral plans.

Survey data reported in Table 5.8 reveal that women in the FY1972
cohort who had taken postdoctoral appointments held them longer than
men and were more likely to have prolonged them because of difficulty
in finding alternative employment positions. The largest differences
in the postdoctoral tenure of women and men were found in the physical
sciences and the life sciences--the fields in which the postdoctoral

235ee Figure 4.9 in Chapter 4,
245ee analyses of question 10 in Appendixes D and E.
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Table 5.7

EXTENT TO WHICH LIMITATIONS IN GEOGRAPHIC MOBILITY INFLUENCED DECISION
TO TAKE A POSTDOCTORAL APPOINTMENT, FY1978 WOMEN AND MEN PH.D. RECIPIENTS

Geographic Limitations

Total
Taking Important Incidental ©Not a
Postdoc Factor Factor Factor
N % % %
All S/E
Women, single 463 33 23 44
married 436 70 8 22
Men, single 1,465 22 25 52
married 1,742 26 25 50
Engin, Math, Physical Sci
Women, single 59 24 17 59
married 52 (60) 4 (36)
Men, single 704 22 29 49
married 605 26 23 51
Life Sciences
Women, single 234 26 22 52
married 237 71 8 21
Men, single 554 16 25 58
married 954 25 25 50
Social Sciences
Women, single 170 (44) 26 29
married 147 (73) 10 18
Men, single 207 (40) 13 (47)
married 183 28 27 44

NOTE: Percentage estimates reported in this table are derived from a sample
survey and are subject to an absolute sampling error of less than 5
percentage points, unless otherwise indicated. Estimates with sampling
errors of 5 or more percentage points are reported in parentheses. See
Appendix G for a description of the formula used to calculate approximate
sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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Table 5.8
PERCENT OF FY1972 WOMEN AND MEN PH.D. RECIPIENTS WHO PROLONGED THEIR

POSTDOCTORAL APPOINTMENTS BECAUSE OF DIFFICULTY IN FINDING OTHER
EMPLOYMENT THEY WANTED AND PERCENT WHO HELD APPOINTMENTS LONGER THAN 36 MONTHS

Total
Taking Held Appt.
Postdoc Prolonged Postdoc 736 Months
N 3
All S/E
Women, Total 501 30 23
Single 230 25 21
Married 271 34 24
Men, Total 3,750 28 18
Single 1,033 35 24
Married 2,717 26 15
Engin, Math, Physical Sci
Women, Total 83 (43) 20
Single 35 (43) (20)
Married 48 (44) (21)
Men, Total 1,941 32 16
Single 594 36 20
Married 1,347 31 13
Life Sciences
Women, Total 328 31 29
Single 152 25 25
Married 176 36 32
Men, Total 1,368 28 24
Single 354 37 33
Married 1,014 25 21
Social Sciences
Women, Total 90 14 3
Single 43 (14) 7
Married 47 (15) 0
Men, Total 441 11 6
Single 85 21 7
Married 356 9 6

NOTE: Percentage estimates reported in this table are derived from a
sample survey and are subject to an absolute sampling error of
less than 5 percentage points, unless otherwise indicated.
Estimates with sampling errors of 5 or more percentage points
are reported in parentheses. See Appendix G for a description
of the formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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“"holding pattern” was most apparent. Further analysis of these data
reveal major differences between graduates who were married at the
time they earned their doctorate and those who were not. Approximate-
ly 34 percent of the married women who had been postdoctorals
indicated that they had prolonged their appointments because they
could not secure other positions they preferred, compared with 25
percent of the single women. From this result it appears that
limitations in geographic mobility may have restricted the career
options of married women after they had taken postdoctoral appoint-
ments (as well as before). On the other hand, married men were
significantly less likely to prolong postdoctoral apprenticeships than
were single men. In the life sciences, for example, 37 percent of the
single men who had taken postdoctoral appointments indicated that they
had extended their appointments because of difficulty in obtaining
employment they desired, compared with 25 percent of the married men.
This difference may be explained by the same factors cited earlier to
account for the smaller fraction of married men who took postdoctoral
appointments--i.e., married men were less willing to bear the finan-
cial sacrifice required in prolonging their postdoctoral apprentice-
ships.

Results from the survey of 1972 Ph.D. recipients also reveal that
the subsequent employment of former postdoctorals varies signficantly
according to sex and field. Women with doctorates in engineering and
the mathematical and physical sciences were more likely to be employed
in academia than were men (Table 5.9). Of the estimated 80 women in
these fields with postdoctoral experience, almost two-thirds held
university or college positions in 1979. Only 36 percent of the men
surveyed in these fields worked in the academic sector. On the other
hand, men in engineering and the mathematical and physical sciences
who had held postdoctoral appointments were approximately three times
as likely to be employed by industry or business as were women. Among
the life science graduates the differences were smaller, but nonethe-
less significant. Only about 4 percent of the women with postdoctoral
experience worked in the industrial or business sector, compared with
15 percent of the men. The situation for social scientists was quite
different. Women in these fields were more likely than men to have
held positions in govermment or business/industry.

Although as many as two-thirds of the women graduates in FY1972
who had taken postdoctoral appointments were employed in the academic
sector in 1979, only a small number had received faculty tenure. Of
the estimated 340 women scientists and engineers in academia, only one
in seven had been given tenure. In contrast, approximately one-third
of men holding academic positions had tenured faculty appointments.
More than one-fifth of the women employed in this sector held posi-
tions that were considered to lie outside the faculty track. Some of
them still held postdoctoral appointments, while others had doctoral
research staff positions (supported by research grants or contract
funds) or temporary teaching assignments. On the basis of the
foregoing results, it is quite apparent that men have been more
successful than women in pursuing faculty careers. From the data
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Table 5.9

1979 EMPLOYMENT SITUATIONS OF WOMEN AND MEN WHO HAD TAKEN POSTDOCTORAL
APPOINTMENTS AFTER RECEIVING DOCTORATES IN FY1972

Total Universities and Colleges Nonacademic Sector
Taking Total Tenured Other Nonfaculty Industry/
Postdoc Acad Faculty Faculty Staff Total Govt Business Other
N % % ? L 3 L 3 % * %
All S/E
Women 501 68 10 43 15 32 16 7 9
Men 3,750 51 17 27 7 49 15 27
Engin, Math, Physical Sci
Women 83 (62) 12 (34) 16 (38) 19 14 5
Men 1,941 36 14 le 6 64 18 41 5
Life Sciences
Women 328 70 8 45 17 30 l6 4 10
Men 1,368 62 14 40 9 38 13 15 10
Sociel Sciences .
Women 90 (65) 13 (46) 3 (35) 14 10 11
Men 441 77 41 30 6 23 9 6 8

NOTE: Percentage estimates reported in this table are derived from a sample survey and are subject to
an absolute sampling error of less than 5 percentage points, unless otherwise indicated. Estimates
with sampling errors of 5 or more percentage points are reported in parentheses. See Appendix G
for a description of the formula used to calculate approximate sampling errors.

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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available it is not clear what factors have contributed to these
findings. Some of the difference in the tenure rates for men and
women might be attributed to the fact that some women, after com-
pleting doctorates, have left the labor force for a few years to start
families. Other survey data, however, indicate that married women in
the FY1972 cohort have been somewhat more successful in acquiring
tenure than single women.

Survey information on the 1979 median salaries of former post-
doctorals shows that men were also earning significantly higher
salaries than women--in both the academic and nonacademic sectors
(Figure 5.4). Similar differences were found in each set of fields
examined. Men with FY1972 doctorates in engineering and the mathema-
tical and physical sciences earned an average of $2,800 more than
women in academia, and $2,900 more in other sectors. In the life sci-
ences men's median salary exceeded women's by $1,600 in the academia
sector and $950 outside this sector. In social sciences the salary
difference for men and women employed in universities and colleges was
approximately $1,600.26 These findings clearly suggest that women
with postdoctoral experience2’ have not been as successful as men in
pursuing careers in sciences and engineering. Some further analysis,
beyond the scope of this study, is required to determine the major
factors contributing to this situation.

The women responding to the committee's survey expressed varying
opinions regarding the value of postdoctoral experience for careers in
science. The majority of their comments were not dissimilar from those
expressed by their male counterparts. However, certain unique advan-
tages and disadvantages of the postdoctoral appointment were mentioned
by women with families. One woman with a Ph.D. in biochemistry cited
some positive aspects:

Postdoctoral appointments have made it possible for me to
remain professionally active at a time when geographical
and personal constraints and a lack of other emgloyment
opportunities worked in the opposite direction. 8

Some women who had taken time from their careers to start families
commented that the postdoctoral appointment afforded them an oppor-

25Approximate1y 12 percent of the married women in the FY1972 cohort
who had postdoctoral exprience held tenured faculty appointments in
FY1979, compared with 7 percent of the single women.
26There were not enough survey responses to report the median
salaries of women social scientists who were employed outside the
academic sector.

270t her survey data not reported here reveal that women without any
Bostdoctoral experience received lower salaries than men.

8The comment was provided by a FY1972 bioscience Ph.D. recipient,
in response to item #17 in the committee's survey.
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tunity to get back into research. On the other hand, some found the
appointment undesirable. A FY1972 graduate in immunology mentioned a
number of negative aspects:

As a married woman, I find the stringent work requirements
and pay-back conditions of current postdoctoral fellowships
(of the NIH) prohibitive. Limited job opportunities would
almost certainly force a change in location upon the family.
The beginning salary of post-postdoctorals cannot compensate
for the loss of employment position and income of the hus-
band who usually commands the larger salary. . . .Thus,
despite the potential advantages to my own career, these
conditions were untenable. Clearly, these postdoctorals

are an opportunity offered to the young, male scientists., 2

Comments from Young Scientists and Engineers

A large number of the FY1972 and FY1978 Ph.D. recipients respond-
ing to our survey questions offered their own opinions concerning the
advantges and disadvantages of postdoctoral appointments in their own
particular fields. Although the comments are anecdotal and do not
lend themselves to statistical analyses, many of the comments are
thoughtful and provide an insight into certain issues which cannot be
adequately addressed from the responses to specific survey questions.
The comments were particularly important in helping us understand the
early career decisions of scientists and engineers who have recently
completed their postdoctoral or graduate study. The comments also
provide a general picture of the employment situation in particular
fields, from the recent graduates' perspective. In all approximately
1,500 of the FY1978 Ph.D. recipients and 1,000 of the FY1972 Ph.D.
recipients offered their views on postdoctoral experience (Table
5.10). The majority of the comments were provided by graduates who
either presently held or had formerly held postdoctoral appointments.
Nevertheless, we also received statements from more than 1,000 of the
FY1978 and FT1972 Ph.D. recipients who had never taken postdoctoral
appointments.

In the pages that follow we have made an attempt to summarize the
comments provided by graduates in each field, with emphasis on the
factors that have influenced their decisions to take or not take post-
doctoral appointments. To the extent possible we have used direct
quotations of the graduates, both here and in other sections of the
report. Many of the respondents have acclaimed the advantages of
postdoctoral experience, while others have been highly critical.
Although it is obviously not possible to mention all the views

29The comment was provided by a FY1972 bioscience Ph.D. recipient,
in response to item #17 in the committee's survey.
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Table 5.10

NUMBER OF SURVEY RESPONDENTS PROVIDING COMMENTS ON THE ADVANTAGES
AND DISADVANTAGES OF POSTDOCTORAL APPOINTMENTS, FY1972 AND FY1978 PH.D. RECIPIENTS

FY1972 Ph.D. Recipients

Total Survey Total Comments From Comments From

Field of Doctorate Respondents Comments Former Postdocs Other Ph.D.'s
All Sciences and Engin 3,680 992 549 443
Mathematical Sciences 176 33 12 21
Physics 639 159 99 60
Chemistry 326 98 62 36
Earth Sciences 127 33 12 21
Engineering 227 52 19 33
Agricultural Sciences 118 24 11 13
Biosciences 1,405 426 276 150
Psychology 395 107 41 66
Social Sciences 267 60 17 43

FY1978 Ph.D. Recipients

Total Survey Total Comments From Comments From

Field of Doctorate Respondents Comments Former Postdocs Other Ph.D.'s
All Sciences and Engin 4,231 1,543 926 617
Mathematical Sciences 180 36 14 22
Physics 543 194 117 77
Chemistry 255 74 47 27
Earth Sciences 194 67 33 34
Engineering 267 81 38 43
Agricultural Sciences 157 46 24 22
Biosciences 1,821 771 529 242
Psychology 527 177 85 92
Social Sciences 287 97 39 58

SOURCE: National Research Council, Survey of Scientists and Engineers, 1979.
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expressed, we have tried to present a balanced summary of how the
graduates in each field viewed the postdoctoral situation in their own
field. We have also attempted to estimate the approximate fraction of
the graduates who considered the advantages of postdoctoral experience
in their field to outweigh the disadvantages. In many instances it
was difficult to categorize a respondent's comments as either sup-
portive or critical of the postdoctoral experience since both positive
and negative aspects were mentioned. Thus, the estimates reported in
the summaries for each set of fields represent rough aprroximations
based on subjective evaluations, and are provided only to give the
reader a general impression of how the respondents regarded the
situation in their field.

Several general comments regarding the advantages and disadvan-
tages of postdoctoral experience were repeated by many FY1978 and
FY1972 Ph.D. recipients in different fields. On the positive side,
the appointment afforded the young scientist an opportunity to devote
his or her full attention to a research problem without the encum-
brance of course work, teaching, or administrative duties. As a re-
search fellow in operations research commented,

[The postdoctoral appointment] enables a recent graduate
to develop a great research momentum with no distractions
or conflicts. If I had accepted a faculty position ini-
tially, I would not have obtained the present quantity
and quality of research and would not be as marketable

as I currently am.

Other graduates pointed out that their experience as postdoctorals
allowed them to broaden their horizons beyond the narrow focus of
their dissertation work. At the same time several respondents felt
that the appointment had helped them bridge the gap between graduate
school, where their research had been largely directed by their
mentor, and independent research. For example, a physical chemist who
has since moved to industrial research wrote:

The intellectual maturity I gained while I was a postdoc-
toral researcher was invaluable. It gave me a much—-needed
new perspective of research.3!

In terms of career prospects, many survey respondents emphasized the
publication record they had established as postdoctorals as well as
the important contacts made. Both of these factors were considered
most advantageous for those who would be seeking faculty appointments
at major research universities.

30The comment was provided by a FY1978 Ph.D. recipient in
mathematics, in response to item #15 in the committee's survey.
31Comment from a FY1972 Ph.D. recipient in chemistry.
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On the negative side, the most frequent complaint about the post-
doctoral institution pertained to the low stipend and lack of benefits
generally offered by such appointments. A recent graduate in elemen-—
tary particle physics summarized the situation:

The low pay scale is extremely demoralizing: 1low salary,
no health insurance, no retirement fund; moving to pri-
vate industry would double my earnings. . . . I expect
that within two years I will be forced to leave my field
(after six years of graduate training) and become a full-
time computer hack in order to allow my wife and me to be
able to afford to have children.32

A second disadvantage mentioned frequently by survey respondents was
the postdoctorals' lack of status within the university structure. In
some places postdoctorals have been treated as "second class citi-
zens," with the rights and privileges of neither faculty members nor
students. Consequently, some postdoctorals felt they had been "ex-
ploited” by their mentor, the department, or the university itself.

An environmental toxicologist who had decided against taking a post-

doctoral appointment observed:

They [postdocs] are rapidly becoming a source of labor to
which senior people owe no responsibility; postdocs are
cheap, non-tenured, have no seniority rights, and don't
dare complain, since they exist at the supervisor's dis-
cretion. . . 33

This respondent went on to note that, from his observation, the
situation was much worse in those fields in which employment oppor-
tunities outside the academic sector were scarce.

The temporary nature of the appointment and the lack of employ-
ment prospects after completing postdoctoral apprenticeships were
other concerns of several respondents to the survey. Some respondents
questioned the prudence of providing federal and institutional support
for postdoctorals who, after completing their appointments, may not be
able to find more permanent positions that will allow them to utilize
their training. A recent graduate in solid state physics who had left
his field of research for an industrial job in engineering summarized
the plight of many of his colleagues:

Postdocs seem to be a "holding pattern” in most Ph.D.'s
careers, judging from my assoclates' experiences, where-
in one trades peak earning years (already substantially
deferred) for a low salary, ill-defined working condi-

32comment from a FY1978 Ph.D. recipient in physics.
3Comment from a FY1972 Ph.D. recipient in the biosciences.
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tions, and no accrued benefits after a one or two year
stint. These reasons are the basis for my not choosing
that course of employment. I believe there should be
fewer postdocs funded, and at salaries commensurate with
faculty (or industry) positions, to make them more com-—
petitive and more of a credit to a recipient.3

In general, the FY1978 Ph.D. recipients seemed to be more pessimistic
about the employment prospects for postdoctorals than were the FY1972
graduates. One explanation for this difference, of course, is that
the scientists and engineers in the older group were further along in
their careers and had a better perspective of where they were headed.
Another explanation is that the academic employment prospects for
graduates in most fields have declined considerably in recent years.
We suspect that both factors had an important influence on the
opinions expressed by survey respondents.

Graduates commenting on the postdoctoral situation in the mathe-
matical sciences were fairly evenly split between those who urged that
there be more support available for postdoctoral appointments and
those who saw no need for such appointments. The majority of those in
the latter group were involved in computer science, an area in which
there have been abundant employment opportunities in recent years.
Several of those favoring additional postdoctoral support pointed out
that there are numerous temporary (nontenured-track) teaching posi-
tions offered, but that these do not provide an adequate opportunity
for research.

There are relatively few postdoctoral appointments in
mathematics. There are a number of “"visiting” positions,

the purpose of which is usually to fill in for a faculty
member on leave of absence. I think that it would be bene-
ficial to basic research in mathematics if there were more
postdoctoral appointments (i.e., temporary appointments

made on the basis of research, instead of mainly teaching).35

In terms of the overall employment situation in the mathematical
sciences, the comments we received confirm the results presented in
earlier chapters. Recent graduates in this field have encountered con-
siderable difficulty in obtaining tenure-track faculty appointments,
with the result that increasing numbers have taken positions outside
the academic sector. Often, however, these nonacademic positions do
not involve research.

More than two-thirds of the engineers commenting on postdoctoral
appointments held the opinion that the appointment was not an attrac-
tive employment option. The stipend offered was significantly below

34Comment from a FY1978 Ph.D. recipient in physics.
35Comment from a FY1978 Ph.D. recipient in number theory.
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the starting salary for an assistant professor and far below salaries
being paid to doctoral graduates going to industry. In fact as one
respondent pointed out, the postdoctoral stipend was even lower than
the average starting salary for baccalaureate graduates in industry.
As a result, engineering schools have encountered considerable dif-
ficulty in attracting postdoctorals (as well a junior faculty) and
have had to recruit large numbers of foreign graduates. An associate
professor at a large engineering school wrote:

At present (November, 1979) the pay for postdocs is so low
that it is very difficult to find American citizen engineer-
ing candidates. Most (if not all) the candidates who ap-
plied for my two postdoctoral positions were of foreign
origin and citizenship (from India, Taiwan, Africa--i.e.,
third world countries). At least in engineering I think

we have the makings of a future crisis. 6

Some respondents felt that, for engineers interested in academic
careers, 1 or 2 years experience in industry might be more valuable
than a postdoctoral appointment. Others pointed out that the postdoc-
toral opportunity to do research, although worthwhile, would probably
not improve one's credentials signficantly. Biomedical engineers were
an exception. Many of these graduates observed that experience as a
postdoctoral was considered important, if not essential, for candi-
dates interested in faculty appointments in medical school. Further-
more, in this field there has been an apparent shortage of faculty
openings for recent graduates. In other fields of engineering mang
schools have not been able to fill all of their faculty positions. 7
The comments received from psychologists and other social sci-
entists we surveyed were, in general, quite supportive of postdoctoral
training in these fields. The FY1972 Ph.D. recipients in psychology,
in particular, thought that the advantages of this training--i.e., an
opportunity to do independent research, to work with a distinquished
mentor, to establish a publication record--clearly compensated for
what one respondent termed "the abysmal salaries”™ paid to postdoc-
torals. For graduates in physiological psychology a 2-year postdoc-
toral term was regarded as essential for those aspiring to academic
careers in major research universities. For those in the areas of
experimental, developmental, and clinical psychology and the neuro-
sciences, experience as a postdoctoral was also considered quite
valuable (although not essential). In certain clinical areas of
psychology some licensing agencies and empl