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FOREWORD

Recent changes in the supply-demand balaice for scientists and en-
gineers have increased interest in projections. By the early seventies warn-
ings that a significant number of new science and engineering doctorates
would be unable to find employment related to their education displaced
the concerns of the preceding decade that the United Staies would have
too few of these highly trained people to meet national goals. Com.ng near
the start of a new decade, this latest NSF study projects to 1982 and 1987
the balance between the supply of dociorai scientists and engineers and
their science and engineering-related utilization. ‘

As indicators of possible futures, these piojections are intended to be
used by planners and policymakers as tools to anticipate potential prob-
lems ard opportunities. They can also be used by students as general
indicators of the types of future opportunities available in broad fields of
science and engineering. The analysis supporting the projections may aiso
help the reader develop a better understanding of the dynamics ot the doc-
toral labor market. It shouid be recognized, however, that projection modeis
produce forecasts that are sensitive to assumptions and methodological
limitations. Therefore, users should focus on broad features of the ¢ -ojec-
tions and not attribute a false sense of precision to numerical values.

The current projections are the fourth in a series initiated by the Na-
tivnal Science Foundation in 1969. Throughout this decade. successive
NSF projections have reflected continuous imrovements in both methoc's
ard data bases. This report incorporates a significant number of technical
changes. The most important one involves feedback from the doctoral la-
bor market to the production of new doctorates. Although there have been
changes in methods and certain data trends—especially those involving
the availability of R&D funds—it is notable that the overall results of the
new NSF projections are generally consistent with thuse produced four
years ago and are also consistent with more recent projections developed
by the Bureau of Labor Statistics. .

Charles E. Falk
Director

Division of Science Resources

April 1979 Studies
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e Projections presented in this report indicate that about 17 percent (or
70,000) of all science and engineering (S/E) doctorates in the 1987 full-
time labor force may not be employed ir; S/E positions. (The Bureau of
Labor Statistics projects an equal gap between supply and “tradi-
tional” utilization of S/E doctorates. See appendix A-3.) On the basis
of current labor force statistics, however, it is expected that nearly all of
the 70,000 will be employed. By comparison, only 25,000, or 9 percent
of the full-time S/E Ph.D. labor force, heid non-S/E jobs or were unam-
ployed in 1977.' Non-S/E utilization is projected in this report to range
in 1987 from about 9 percent in the physical sciences to a high of 21
percent in mathematics. Non-S/E utilization in engineering. and the so-
cial sciences is projected to be 19 percent in that year, whereas the .
estimated figure for the life sciences is 16 percent (table 1). '

Table 1. Proportions of full-time S/E doctorates who
are projected 10 be in non-S/E-related positions in

SUMMARY OF FINDINGS * — —

Souice Nationa! Scrence ¥ oundation

e These projections reinforce the conclusion of an earlier NSF study* that
a substantial rv+nber of new S/E doctorate recipients through the mid-
eighties are unlikely to find work in areas related in their training. This
new study concludes that about 25 percent ot 1977-87 S/E doctorate
recipients may not be employed in S/E-related activities in 1987.°

* This includes aoout 3.000 who were unempioyed. Data from the 1975 Survey of Doctorst SCentrsts ano Eng::
noess inckcate that about 90 percent of S/E doctorates hoiding non-S'E jobs tid 50 on & voluniary bass
? National Scrence Foundt.eon. Projections of Scrence and Engineenng Doctorale Supply and Utinzatron. 1980
amy 1085 (NSF 75-301) (Washington, D.C. 20402 Supl. of Documents. U S. Government Printing Offices.
Thes prosected 1987 rate of non-SVE wtilization assumes that all S E doctorates who are cutiently employed in
S/E obs will reman i S'E jobs of leave the labor facce The piosactad non-S £ utdration rate will be smalier # some
of these currently employed S'E doctorates move 1o non-S/E jobs
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The full-time S/ E doctoral labor force (supply) s projected to increase
during the 1977-87 projection period by almost 50 percent to about
410.000.

The numbe: of full-time S E-related positions (utihzation) held by doc-
torates is projected 10 grow over the same period by 35 percent 1o about
340.000. Industrial R&D utilization of S/E doctorates is projected to ex-
pand by 1987 to aimost 70,000—39 percent over 1977, pnmarly as a
result of expected growth in 14D funding. In contrast. S & doctoral tac-
ulty utilization over the same pernod is projected to grow only 11 percent
to about 145.000.

New (1977-87) docturates in all broad fields in S'E positions are ex-
pected 1o be less concentrated in academia than were S/E doctorates
in the 1977 labor force--57 percent for the latter vs. 35 percent for the
tormer. New S'E doctorates are pro;ected to be more concentrated in
nonprofit organizations 7 percent for the 1977 labor force vs. 16 per-
cent for new doctorates. and in industry. 25 percent of the 1977 labor
force vs 32 percent of new doctorates

v 1
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e The number of new S/E baccalaureates and doctorate:s produced dur-
ing the 1977-87 period are projected to be 20 percent and 23 percent
larger, respectively, than corresponding totals of the preceding {1y asr
period, 1966-76. The projections of doctoral degrees picsea'ad in this
raport were produced with an econometric model that relates the num-
ber of docloral awards to labor market conditions.
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INTRODUCTION

This report provides projections of the supply and utilization of doctoral
scientists and engineers through 1987. The study, the fourth in a series
that began in 1969, uses a new approach that explicitly incorporates the
effect of the domestic market for highly trained S/E personnel upon the
numbers of S/E doctorates awarded by American universities. In this im-
proved approach, market conditions are assumed to affect the projected
proportions of both S/E taccalaureates who enter graduate school and
graduate enrollees who earn doctorates.

The projected 1982 and 1987 supplies of doctorates in each broad
S/E field' are the summation of three components. The first is composed
of those members of the 1977 doctoral iabor force who are projected to be
still employed at the later dates. The second companent, about equal in
size to the first, is doctorate recipients for 1977 through 1982 and 1983
through 1987. Before their inclusion in the projected supply, these esti-
mates of future degree-recipients are adjusted to reflect the emigration of
non-U.S. residents and any field-switching of the remaining new doctorates
as they take their first jobs after graduation. The third, and smaliest, com-
ponent is the estimated number of future Ph.D. immigrants.

Estimates of future utilization, disajgregated both by sector of employ-
ment and S/E field, are based primarily upon projection equations which
link demana factors (R&D spending and S/E bachelor's degrees?) to the
utilization of scientists and engineeers. The parameters of these equations
are estimated using multipic regression techniques. The projected balance
between supply and utilization in 1982 and 1987 is obtained by comparing
estimated future supplies with projected numbers of S/E-related jobs avail-
able in each of these two years.

Several factors which haveschanged since the last report, prepared
four years ago, strongly affect thé turrent projections. For example, indus-
trial R&D expenditures have begun to grow again after having been fairly
constant in real terms from 1970 0 1976. Other changes include a sharp
fall in undergraduate degrees in the social sciences and an acceleration in
the long-term upward trend in life sciences baccalaureates.. In addition,
information from a recent survey, supported by NSF and completed since

The tive broag S £ telds discussed in this report are engineening . the ile sciences the mathematical sciences,
the physical sciences. and the social soences See appendix A 4 10 the compostinn of these broad heids
+ Bachelor s degrees serve in the maodel as an indes f teaching loads

the last supply and utilization report, allows more reliable estimation of the
proportion of new S/E hires in academia who will have doctorates.’

Limitations
In interpreting the information presented in this report, it should be
remembered that projections are conditional forecasts incorporating a

number of assumptions about the future. If these assumptions are changed,
the results of the projections wouid be altered.

The analysis in this report combines trend extrapolation, when justified
by expectations that factors determining past trends are likely to remain
unchanged during the projection period, with econometric mocels. An ob-
vious hazard of trend extrapolation is that past tendencies may not con-
tinue because of unexpected events. In the econometric models, statistical
relations between dependent and independent variables, such as between
employment of scientists and engineers and industrial R&D spending, are
derived from regression aralysis. The use of such analyses presents diffi-
culties similar to those of trend extrapolation. For example, pertinent fac-
tors may be omitted from regressions either through lack of knowiedge or
because of data limitations, thereby causing possible bias in the estimated
parameters.

In view of these limitations, a faise sense of precision should not be
attributed to the numerical values presented in this report. Despite these
caveats, the general supply/utilization relationships projected are believed
to be representative of what would occur under the assumptions stated in
the text. The projection results are similar to those derived by the Bureau
of Labor Statistics.

A final caveat concerns the high degree of aggregation in the reported
projections. Each major area of science and engineering includes specific
disciplines (e.g.. physics, economics, electrical engineering) that can differ
in their supply and utilization balance from the aggregate balance. Thus, it
must not be assumed that projections for a broad area of science (e.g.,
physical sciences) are necessarily applicable to individual disciplines.”

Frank J Aleisek and rene L Gomberg New Fufi Teme Facully 1976-77 Hinng Patterns by Freid end Edu-
catonal Attarnment (Washington, D C Amerncan Councid on £ducation. March 1978 )

* Douglas Braddock. Ovarsupply of Ph D's to Continue thiough 1985, Monihly Labor Review. Oct 1978, pp
48 50

“NSF prosacts by troad S'€ held because 1o itie 1s currently known about ntertield mobidy fo make further
breakdowns by individual S E feids very meamnnglul

17 x



Chapter I. SUPPLY OF SCIENCE/ENGINEERING DOCTORATES

This chapter describes the methcd used to project the 1982 and 1987
supplies of doctoral scientists and engineers in each of the five fields. The
basic projection method consists of adjusting 1977 doctoral S/E stocks for
projected flows into and out of those stocks. The following steps summa-
rize the procedures for estimating the 1987 supply of doctorates by neld:

1977 doctoral labor force
plus
1977-87 doctoral awards

less
1977-87 emigration

plus
1977-87 immugration
plus
- adjustments for 1977-87 field mobility
less
197787 deaths and retirements

equals
1987 coctoral tabor force
The 1982 stock is estimated with comparable procedures.

The first section concerns doctoral awards which are projected using
a model that links student decisions regarding graduate school attendance
and completion to employment opportunities for new doctorates. Appendix
A-2 provides more detail on the model and preser.s the equations swhich
comprise the projection model. The remaining sections deal with (1) pro-
jections of international mobility, (2) adjustments for ditferences between
field of degree and field of employment for some doctorates, and (3) esti-
mation of future doctoral deaths and retirements.

*

Doctoral Degrees

Projections of new degrees are based on analysis of historical data
linking the supply of S/E dcctora! graduates by broad field to labor market
conditions. As economic theory suggests, improved opportunities for ob-
taining employment elicit greater participation in doctora: study, although a

lag of several years may separate responses in the number of graduates
from market changes.® The hisioncal links between market conditions, stu-

* The relationships described here were estimated using multivariale regression analysis For delavis see appen
ax A2 p2é

18

dent behavior, and graduate sci 00l output provide the basis for this re-
port's projections of S/E -doctoral degrees through 1987. It is assumed
that these links will continue to have the values they have had in the past,
e.g., a given change in the market for doctoral mathematicians will change
compietion rates for graduate students in mathematics by the same num-
ber of percentage points in the projection period as it did in the past. The
following diagram is a schematic representation of the model for projecting
such awards.’

Doctoral degree projection model

Demand for new docto-
rates (industial R&D
spending and jumior faculty ()

openings in universihies )

and colleges)
Market conditions (Percent Student choices (Percent
of new doctorates who are———s of baccalaureates envolhiog

seelang but have notfound ()} in graduate school and
employment) percent of enroliees earn-
{ / ing doctorates)
Supply of new doctorates
{Number of doctorates _ J

awarded) =

No.te Vanables are in parentheses Sgns. plus o1 munus refer 1o draction of influence exertad by vanabies

Whereas market conditions influence career choices of some students
at both the undergraduate and graduate levels, the effects of such condi-
tions appear to be stronger at the latter level where the market appears to
affect student educational choices at two points. These are the stage at
which the new baccalaureate elects whether to enter graduate school and
the stage at which the enrollee decides whether to complete graduate train-
ing and earn a doctorate.

e
)

Afthough ati vanabies are measwved separately in sach S-£ heid. thvs chagiam rapsesants ﬂ? mode! for il five
S £ tields :

L9



At the first stage, the proportion of baccalaureates enrolling in gradu-
ate school by sex and broad field® is statistically related to an index of the
availability of jobs for doctorates. This index, derived from the Foundation-
sponsored annual Survey of Earned Doctorates, reports, by field, the per-
centage in a given year of those who are about to receive doctorates who
are seeking employment but have not found definite positions.? This index,
SEEK, was used as an independent variable in equations explaining the
annual percentages of baccalaureates in a field going on to graduate
school.*® Additional independent variabies found to be related to graduate
school enrolimerit rates were the number of baccalauieates awarded in a
field, the number of men drafted for military service, and a simple linear
trend variable.'' Synchronous values were used for all variables, i.e., no
variables were lagged or led. Starting salaries, another possible index of
market conditions, were riGi used in these projections because starting sal-
ary data at the doctoral level were limited to a few fields (appendix A-2,
p.29).

Unlike enroliment in graduate school, the decision to complete gradu-
ate training is not necessarily made at a discrete and fixed time. However,
an assumption that such a choice is made two years after the start of grad-
uate study permits relating completion rates (measured in percents of stu-
dents beginning study at year t) to employment opportunities (indexed by
SEEK at year t+2). Strong correlation betweer: the market and compietion
rates were found for all fields and both sexes except for women in the
social sciences. With this exception, SEEK alone explained at least three-
fourths of the variation in compietion rates.®

At the undergraduate level, the market exerts strong, clearly identified
effects only on enginzaering students. Therefore, only engineering bacca-

* Female engmneers were excluded from the analys:s because there have been few graduates

‘Forms for thes survey are compinted throughoud the year Tabulations by the National Academy of Saences.
which admenssters the survey, show that the distnbution of survey responses by month of completion has not vaned
muct. since the survey was begun in 1958 )

* Suixteen pbservations of SEEK were used for the pernod 1960-75

This 1s included 10 acoount {or {actors which are not represented 10 the equations and which are redated to fime.

1@ . they e'ther inCrease o dectease with the passage of sme The trend vanable takes the vaiue of one tor the st
abservaton. two for the second eic

laureates are projected with a market-related method similar to that used
for doctoral degrees.'? The limited role of the market in determining under-
graduate science degrees can be illustrated by two examples. The number
of baccalaureates in the life sciences has increased almost every year
since 1961, irrespective of relative employment opportunities. For the so-
cial sciences the market seems to have an effect only after a lag. The
number of baccalaureates in this ‘yoad field did not begin io fail until 1975,
although many holders of such degrees had difficulty finding jobs as early
as the late sixties. Thase examples suggest that noneconomic factors may
play a major, and perhaps a dominant, role in the decisions of many un-
dergraduates regarding study in the sciences.” -

The projections for the four science fields assume that trends existing
as of 1976 in the numbers of baccalaureate degrees awarded by field and
sex will continue through 1987. The rate of change, however, is assumed
to be one-half the current rate.”* The assumption that existing trends will
continue is based on the judgment that the factors that produced them will
still be operational during the projection period. These include a continued
shortage of jobs for social sciences baccalaureates and‘continued growth
in female participation in sCience and engineering. The decision to reduce
the rate of change was made because the projection of historical rates
produced clearly unreasonable results. For example, if the rate of growth
for life science baccalaureates does not moderate, almost 200,000 under-
graduate degree awards would be made in 1987, or 2.6 times as many as
were awarded in 1976. .

.

? For thes report engeneening baccalaureate projections from the Center lar Polcy Alternatives, Massachusefls
Insttute of Technology. were adjusted and used as mput to the engineenng Ph.D projectons {Unpudlished repoit of
SRS grant 76-22566 AQ1.)

' The fact that many undergraduates change heids when thoy enter graduate Or profess:onal school would make
testing of thss hypothess difficult.

** Trands ware assumed 10 begsn edher in 1960 or whenever the number of baccalaureate awards bagan a clear
peviod of growth or dacing The only exceplon s Male S0CiAl SCENce baccalmseates where 8 1972-76 paroc 18
used rather than 1874-76. Although degrees thd not begn o drop untd 1874, the fafl was s0 preciprtous that use of
the 1874-76 perod as & oass Jor extrapolaton would lsad 10 extremely low progections of 1867 male social sSCieNce
baccalaweales The fotowng years mark the beginning of the rends used i projection of baccalaueate degrees
Physical scionces. men - 1966 and women - 1968, mathematca! scentsts. men and women - 1970, ife sciences,
men and somen - 1960. 5008l SOeNCes, Mmen - 1972 and women - 1974

21
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The decision to haive existing rates was based upon the historical re-
lationship between S/E baccalaureates and the sum of ali baccalaureates
and first-professional degrees. The number of science baccalaureates
projected for 1987 using the attenuated rates was added to the number of
enginearing baccalaureates projected for that year with the market-related
approach. The resuit was then compared to the National Center for Edu-
cation Statistics projection of the 1987 sum of bachelor's degrees in all
fields plus first-professional degrees. The NSF projections of how many
these degrees would fall in S/E fields was within the narrow historical
band—28.2 percent to 31.8 percent—formed bty such proportions in the
past 21 years.
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International Mobility

Manpower flows between the United States and thc rest of the worid
affect the size of domestic S/E Ph.D. labor force. The most important flow
is the retum abroad of foreign citizens who have eamed American doctor-
ates. The number of new S/E doctorates with.temporary visas probably
best indicates those degree recipients who expect 1G leave this country
permanently. In the period 1974-77 about 2,600 doctorates a year, or
about 15 percent of S/E doctorates, were eamned by those on temporary
visas. The distribution of these individuals by sex and field did not vary
greatly during these years. The projections assume that the annual num-
bers of students on temporary visas who eam doctorates through 1987 will
be equal to the 197477 averages's and that all such students will leave
this country upon graduation.'® For this reason, the estimated numbers of
future coctorates earmned by those with temporary visa status are sub-
tracted from projected total doctoral awards by field and sex before the
latter are included in the 1982 and 1987 labor forces.' It is also assumed
that only insignificant numbers of doctorate recipients with American citi-
zenship or permanent visas will emigrate.'®

The annual inflow of scientists and engineers trained abroad offsets
much of the loss of foreign citizens who receive their graduation training
here. The most recent available data describing the level of education of
immigrants are from a special study of those receiving t visas in
1964-69. This study reporied the proportions of foreign-trained entrants
with doctorates by field.'® By assuming that these proportions have not
changed since 196469, estimates were made of the numbers of irnmi-
grants with doctorates in 1974-76. It is assumed that the number of Ph.D.
immigrants in each field entering this country yearly through 1987 will

" Thes agsumpton s dased on the expectation that Amencan S/E education wifl retan ds cument fugh standng
relative to that m other countnes. The largest absolute change dunng 1974-77 i the numbers of doctorste: eamed
by those on I9MPOrAY ViSRS Was 11 enginbenng where the total dropped from B10 m 1976 to 773 m 1977 Naicnal
ch Councd Summery Repart. Doctorste Recpvents from Untied States Universides, annual (Washmgion,
£

' {f students on mPOrary vigas remam M ties country they MUus! Swich 10 @ permanant visa m which Case they
are ncluded m mmigration totals. Such visa are reflected m the astinates of future mmegration by field.

*" Lack of datt on cittonship snd visa status of S/E students prevented exchamon of lofegn students from the
model before the doctaral award stage. '

-"* Special abuiations fom the Nationa! Ressarch Counctl ndicate that onft 4 parcent of U S. cilizens aarning
s:emmmsnmmmmmus.mam.mmmmmm
atvoad of i the Peace Corps. a5 well as others who wars planimg 10 retrn 10 thes country after tamporary res-
dence abroad. About 11 peroant of combned U.S. and foresgn criirens with U.S doctorates pianned to locste abroad.

** Nahonal Scence Foundation. knvingrant Screntists and Engineers m the Untad States. A Study of Chasecter-
188cs and Anttudes (NSF 73-302) (Washington, D.C. 20402 Supt of Documents. U.S. Government Printing Ofhce)

e
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equal these estimated average annual figures for 1974-76.% The latter
assumption is of fairly minor importance in the overall projections. A 10-
. percent change in doctoral immigrants changes the projected 1987 doc-
toral labor force by 0.5 percent.

Field, Mobility

Many scientists and engineers work in fielde other than those in which
they eameu their doctoral degrees. These movements must be considered
in any projection of supply by field. A Mational Academy of Sciences (NAS)
study documents the extent of such mobility for Ph.D.'s active in 1973.2
Since then, NAS studies of more racent data have found that these 1973
patterns of mobility have persisted.? The projected supply of new scientists
and engineers has been adjusted tJ refiect the pattern of field-switching
observed for the 1973 doctoral labor force.?* This adjustment method as-
sumes (1) all field-switching occurs immediately after receipt pf the doctor-
ate and (2) mobility after 1977 will remain stable at 1973 jevels. These
assumptions are necessary because the NAS studies deal with cumulative
mobility and do not indicate when individuals change fields or how often
they switch. The eflects of these adjustments for mobility on projected
1987 supplies of doctorates are relatively small, ranging from a littie more
than 1 percent in the life sciences to 7 percent in the mathematical sci-
ences.

Attrition

Those who were employed in 1977 and who continue working during
the projection period constitute a principal component of the 1982 and
1987 supplies ¢! doctora! scientists.and engineers. Attrition from the labor
force may result from death, retirement, or voluntary withdrawal.

# The doctoral averages were as lolows Physcal screntists. 500 enginesrs, 400, mathematical scienissts, 300,
Me screntists. 300 and socwl scentists, 250 Scieniisis and engmeers were classitiad as beng N SHOMage occupa:
tons untd 1973 Unless this CIASEHCSLON 15 restorad. S'E immugraton is uniskely 10 return to the hagh 1967 72 lsvels

¥ Natonal Research Councyl Frevd Mobety of Doctaral Scientists and Engmeers (Washington, D C.. December
1975)

# Natronal Research Councd Docforal Sciantists and Engineers i the Unded States, 1973 and 1975 Profies
and Science. Enginosning. and Humarstres Doctorates i the Unded States, 1977 Profde (Wastengton, D.C )

 This 15 done by muitplying each vaciar of annual S'E docioral awards by fisid by # matix representing the
1973 astibrton of all actve doctorates by heid of degree and heid of empioyment

Tabie 2. Estimated combined desth and retirement rates of doctoral scientists end
engineors by fleld and sector of employment: 1977-87

{Percents]

of employment scigrtists Engineers sClentieis SCIONMSLS sclantsts
Academia’............. 15 22 16 23 15
Business/industry .. .... 16 -] 21 28 23
Federal Government ....| -"1.5 15 24 27 29
Nongprofit insidutions .. .. 1.5 ' 15 21 3.0 ) 29

' Ratas denved after applyng ego-specc monalty rates fo estimated 14177 age distnbuton and assuming that
facully retire st age 66

Source: Natonal Scence Foundation

- Losses from the 1977 doctoral labor force, summarized in table 2,
were projected on the basis of information, most of which is unpublished,
from the Teachers Insurance and Annuity Association (TIAA) and the Bu-
reau of Labor Statistics (BLS). For college staff, estimates of future losses
from death were made using age-specific mortality data from TIAA and
estimates of the age distribution of taculty in 1973 trom an American Coun-
cil on Education survey. The projections assume that retiremends for facuity
will occur at age 66. This assumption was based on TIAA information on
when faculty begin to receive annuities.?* Recent Federal legislation raising
the mandatory retirement age may result in a higher average academic
retirement age after July 1, 1982. The possible effect of this legisiation is
unciear because some evidence®® indicates that many facuity have re-
cently tended o retire earlier than facuity did in the past. For doctorates in
other sectors, 3LS estimates of 1979 death and retirement rates for spe-
cific occupations, e.g., biologists, economists, chemical engineers, were
used to estimate attrition between 1977 and 1987. The BLS rates were not
specified by degree leve! (table 2).2

o

* Teache:s insurance and Annusty Associabon. The Participent (New York. January 1976) Anmual desths and
reframents of 1977 {acully were caiculated usmg the mformaton sbove. The faculty atintion rates reported mn table 2
word denvad afier thoee Caiculabons. Thase derivix] rales are presented for purposes of comparabirty with rates for
other sectors that were used drectly mn the caiculabon of atndon i Those sectors

# 'The tmpact of Fedwal Re!. ement L tn Higher Educabon. A Report of the Special Commties on Age
Orscrimmnadion and Retrement.” AAUP Buifetin. Septernber 1978, pp *81-182.

* The rates in table 2 gre those achually used n cakudating attribon of doctorates N nonacadems sactors in
SOme cases atirition rates for a trosd field are not the same 1 dfferent nOoNACadenc seciors because broay heki
taies were denved by wenghng rates for specitic becupations (8. . chemests and geologsis) and sectors dffer mn the
amployment astnbuton of these occupations.
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Tabile 3. Full-time labor force of doctoral sclentists and engineers: 1982 and 1987

{in thousands|
Math-
Denvation of 1982 and 1987 Physical ematical Lite Social
{abor force Total L sciences | Engineering | sCionces | sciences | sciences
1982
Employed full-time in 1977 ... .. 277 69 44 0 70 73
- Full-time entrants, 1977-82 ... 110 19 19 7 28 35
Graduates' . . S 114 20 20 7 30 - 1
Part-ime or not seekmg L
employment . o 4 1 —~ — 1
Netmugration, ... .. ... .. 6 - 2 — 2 -2
immugration o 10 3 3 1 i 2 2
Emigration S 416 3 5 -1 4 c -4
- Aftrdton : 29 R
1982 full-time labor mrre . 352 83 25 88 97
T U 1ge7
Full-trme entrants. 1983-87 102 I 18 20 | & 28 30
Graduates’ . 106 | 19 21 ] 6 ,29 32
Part-time or not seekmg { |
empioyment . 4 1 — — 1 2
Net migration - 5 | - 2 I = ! 2 2
immugration 8 ;* 3 2 : 1 1 1 1
Emigration , 303 4 ; 1
Attrition o ' 6 4 | i 12
1987 full-time labor force 412 1 95 72 | 28 % 103 1113

' Corrected for feid-
Note Detad may not add 10 totals hecause of rounding
Source Natongt Scence Foundaton

Projected Supply

in summary, the projected 1982 and 1987 full-time doctoral labor
forces (table 3) equal the 1977 full-time labor force, less estimated future
losses from death and retirement, plus ali projected 1977-82 and 1983-
87 reci of S/E doctorates (adjusted for field-switching), less doctoral
MWmmMM.MMMnmm
immigrants with S/E doctorates. In addition, a deduction, not described pre-
viously, is made for the new graduates who are projected either not to enter
thelaborforceortoworkpanmm”mnslomusesumatedtobeappmxl-
mately 8,000 for the 1977-87 period.)

The projected 1987 full-time doctoral labor force of 412,000 scientists
and engineers would be almost 50 percent higher than the
1977 total, the equivalent of a compound growth rate of about 4 percent
per year. in contrast, BLS projects that the total civilian labor force will grow
from between 1.9 percent and 2.3 percent ly from 1977 to 1985.%*
The new projection Tor total supply in 1987;;3;t0mmm1985
in the previous supply and utilization report if the* latter estimate is adjusted
upward to refiect two additional graduating classes.? Projected percentage
rates of growth of the doctoral labor force of scientists and engineers by
major field is similar to that reported in the previous study with two excep-
tion3.3 The physical sciences now show a higher growth rate, primarily
because of larger projected graduate school compiletion rates that push up
estimates of future doctoral degrees. On the other hand, the social sci-
ences are now projected to grow more siowly than estimated before be-
cause much lower current expectations of future undergraduate degrees in
this field would leave a smalier pool of potential graduate enrol

r n-ammedm:myazm1mewmudmgmmwwmmmmmm«
wil be unempioyed and not seeking employment wil be equal to the corresponding proportions of new graduates in
1977. These proportong changed iiftie batween 1973 and 1977 sxcapl i the chysical sciences whare they fell from
3 1 percent to 2.4 parcent. Nationa! Science Foundation. Characteristics of Doctoral Scientists and Engineers m the
Unded States, 1973 (NSF 75-312) (Washington, D.C. 20402. Supt. of Documents. U.S. Government Printing Office)
and 1977 (NSF 79-308) (Washengton. DC: 20550).

™ “New Labor Force Projactons fo 1890. Throe Possibie Paths,” Mo vy Labar Review. December 1978

 National Scrence Foundation. Hmwdmwswngmcfam&mplymm:mn 1980

and 1985 (NSF “5-301). 0p. o1t . p. 2 (probable model)

* The close agr- MMmmmgmmwmbecwmmhwemmoﬂwmm
cance! ot the effecis of » . projechons of doctoral awands



Chapter 1l. UTILIZATION OF DOCTORAL SCIENTISTS AND ENGIN%ERS

The first section of this chapter briefly describes the utilization of coc-
toral scientists and engineers in 1977. With that as background, the next
section explains how 1982 and 1987 utilization estimates were derived by
summing eight categories of S/E-related employment. The two largest of
these, academia and industrial research and development, are projected
with linear equations (presented in appendix A-2), based on historical data,
that relate staffing to demand factors, primarity baccalaureate degrees and
R&D spending.

Extrapolation of past staffing trends in the five smaller nonacademic
categories furnish employment estimates for the remaining sectors, ex-
cluding postdoctorates.

Projections of the numbers of new doctorates who are hired for S/E-
related positions by S.E field and category during the projection period are
also discussed in this chapter. The following summarizes the components
of the model used to project doctoral hires:

1987 doctoral utihzation
less
1977 doctoral utthzation
plus
1977 87 deaths and retrements

equals
1977 87 doctorates hired

Hinng for 1977 82 1s projected using comparable components.

1977 Utilization

There were about 300.000 doctoral scientists and engineers in the
United States in 1977 (table 4). Of these. about 13.000 were retired or
uncmployed and not seeking employment. About 3.000 SE doctorates.
less than 1 percent of the doctoral labor force. were unemployed and seek-
ing work. These deletions left about 285,000 employed S E doctorates. of
whom about 10.000 held postdoctoral positions. Of the 275.000 with per-
manent jobs about 93 percent were in full-time positions. The five broad
S/E fields varied somewhat in the prevalence of part-time employ-
ment. with the social sciences having the largest percentage. be-
tween 4 percent and 5 percent. and engineering the smallest.

Z8

about 1.5 percent employed part-time. Whereas there was little in-
terfield variation in rates of unemployment, the proportions engaged
in postdoctoral study in the physical and life sciences were much
higher than in other fields.

In 1977 universites and colleges accounted for 57 percent of em-
ployed doctoral scientisits and engineers, including those who worked part
time or had non-S/E jobs™ (table 5). About one in four of all employed
doctoral scientists and engineers worked in industry, either in research and
development or other activities. The Federal Government had the third
largest employment share with between 4 percent and 9 percent of those
employed in each broad field. The remaining large category of employers
was nonprofit institutions which accounted for between 4 percent and 11
percent. Such employment was concentrated in the social sciences, mainly
because of the over 5,000 Ph.D. p:ychologists who worked in hospitals
and clinics.

Job opportunities and changing career interests lead some S/E doc-
torates to take employment outside their field of training (table 6). The frac-
tion switching fields at some point after receiving their doctorates ranged
in 1977 from one-fourth in the physical sciences to one-seventh in the life
sciences. These frackons include those who moved within S'E fields as
well as those taking nfon-S/E employment. The latter otaled about 23.000.
including part-time workers. Of the five categories of S'E doctorates, phys-
ical and social scienttists showed the highest proportions in non-S/E activi-
ties. Unpublished NSF data from the Survey of Science and Engineering
Doctorates indicate that only a small fraction of those who leave science
ano engineering were unable to find S/E positions. Much of the loss from
S/E doctorates not working in science and engineering in 1977 was com-
pensated for by non-S:E doctorates taking S'E positions. This is particu-
larly true in the social sciences where three-fourths of all individuals with
non- S.E doctorates who hold S E jobs were employed.

Thgen grecaQle 0 @t tam e e gt o e e g e TIPS AW 14 B T P R R A PPHER LI T8 ANT ]

et ead 8 et
Uiy oot g aFad 88 07 gl e e G federn g ey lose st ofie St E S E decte i et
ODs TP et oot Ors A0 86 o't Skl s v WY TSI ') IS IRY IO DLER FR 17 S IS TIPS A O T LA

Aniaty e T e e chbEafed T st e gt ol tone el nedn Bkt glen ot thae
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Table 4. Labor force and employment status of science/engineering
doctorates by fieid of degree: 1977

Employment Physical Mathematical| Life Socal
status | Total | sciences | Engmeenng| sciences |sciences | sciences
- R S R SR S
in thousands .
- St R - _— o
Total in population 303 76 47 21 78 2
Not i labor force’ 13 4 1 1 5 3
Total in labor force 288 71 45 21 73 78
“ﬁn—_—
€ mployed 1 278 68 45 20 67 75 Table 5. Sclence/engineering :'omm::y sector of employment and
Full ime 267 66 44 20 65 72 fleld of degres: 1977
In science or engr 245 60 42 19 61 63 Sector of Physical e Mathematical| Lite Social
Other 22 6 3 1 4 8 empioyment Total | sciences | Engineering| sciences |[sciences | sciences
3 e e —
Part time 8 1 1 — 2 4 S - in thousands o
in science or Total ... . | 285 Al 45 20 72 76
engineernng 6 : 1 | 1 _— 2 e ——— ==
Other 1 ( - J — — — 1 Academsc . . .. ... ... .. 163 34 16 14 47 52
] i § - Regularstaf* .. .. . ... | 153 3 16 14 42 51
Losidoctorales O ; ; Postdoctorates . ....... 10 3 ~ — 5 1
nem ' — . — .
pk,ye . i 1 - . L,, e I GRS VI . T
- Percent distrbution Businéss/industry o g 23 22 4 12 g A
Total n tabor force 100 | 100 | 100 100 100 100 Federal Government .. .. . .| 21 6 4 ! 7 4
' 4 Other government 10 1 1 —_ 3 a
N 1 ! AR SR S i SN S
Employed 95 i 9 98 o9 97
Full nme 93 ' 93 | 97 | 7 89 93 T
fn woence or 1 | T‘ ' 4 o 100 100
engimeenng 8s | g4 i 92 i 92 i 84 [ a2 66 o8
Other B ! 9 6 : 5 5 | n .
o : S— — 59 66
' i T
Part time: i, 2 JE 1 2 2 T 5 7 1
In saence or ) ' : | % 14 11
engineenng 2 1 1 : 2 J 2 | 4 = "
Other al . _ L o ;L ! 9 5
' *. BN H 4 4
Postdoct srates 3 4 H 1 ; .- 1 7 : 1
Unemployed 1! 2 ; 1 | 1 ’ 1 } 1 * Incihudes parnt-tme workers
i L = * inchudes stafl of federally tunded .esearch and development canters and 2.000 elementary and secondary
" Retred o not seeking employment schoot staft
Note  Detads may not add 1o 10tals because of roangng and omession of categoty  No Report Note Detad may nol add to totais because of rounding
Source  Natonat Scence Foundation Source National Scrence Foundation
2
o]
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Table 6. Field mobility of employed doctoral sclentists and engineers: 1977"

Field of ‘smployment
P ietribut
Field of Total Physical | Mathematical |  Life .1 Social [ No
degree numbey Tota! | sciences | Engineering sciences sciences | sciences | Nonscience | report
Physical sciences . | 62,947 100.0 74.4 85 1.8 58 5 63 24
Engineenng .. .. .. 33.303 100.0 6.0 80.7 > 65 1.2 4 42 18
Mathematicat )
sciences .. ... ... 12.589 100.0 7 47 R3.7 33 1.1 4.7 1.7
Lie scences .. ... 55,295 100.0 57 8 2 864 8 33 %2
Social sciences . . 51.223 100.0 .5 4 8 36 83.3 10.2 22
Nonsciences . ... .. 7.734 100.0 4.1 =5 10.7 47 76.0 0 19

' Indludes par'-time workers

Note Percents may no add to 100 becsuse of rounching

Sowces Natonal Research Councd and Natona! Science Foundation. Spread of doctorates with nonscence degrees based on 1975 NRC report,
Fraiad Mobibty of Experenced Sciontists and Engineers




1982 and 1987 Utilization

The Projection Model

The projections of S/E-related full-time doctoral utilization treat aca-
demic federally funded research and development centers (FFRDC's) per-
sonnel separately from the main body of academic staff as are postdoctor-
ates. Similarly, doctorates employed in industry who are engaged in
research and development are estimated apart from those who are en-
gaged in other S/E activities. These disaggregations result in the fullowing
eight categories of S/E employment:

Regular academic staff
Academic FFRDC staff
Pcstdoctoral staff
Industrial R&D staff

Other industrial staff
Federal cwvilian staff
Other governmental staff*
Nonprofit institutions staff

Estimates of those doctorates who are likely to have non-S/E jobs in
1982 and 1987 were derfived by taking the differences between the sums
of these eight categories and the projected :ull-time labor forces in each
broad field.

Two considerations determined the method used to project each cat-
egory of doctorai employment, (1) the number of years for which employ-
ment data are available and (2) whether past employment levels could be
explained by reference to a demand factor such as R&D expenditures. For
the two largest employment categories—"(regular) academia” and “indus-
tnal R&D"—there were sufficient numbers of years of data* to allow
regression analyses which found strong statistical links between employ-
ment and demand factors. (See appendix A-2, pp.30 and 31 for employ-
ment equations.) The resuits of those regressions provided a basis for es-
timating future total S/E employment (including nondoctoral). From these
totals, estimates were made, using the methods described below, of the
number of 1977-87 S/E doctorates who are likely to find regular academic
and industrial R&D positions.

For the remaining five categories (excluding postdoctorates), data tim-
itations or the apparent absence of meaningful demand factor-employment

tThes category ncludes 4 small residual tess than 600 in 1977 of S £ doctorates not elsewhere classified
bgnt years iom 1965 10 1976 ¢ academia and 19 years, 1957 1o 1975 for  industnial RRD

links dictated the use of some other proection mathod. The chosen pro-

cedure was 10 extrapolate past trends in doctoral employment by broad field

in each category. The extrapolations assume that conditions which may

have accounted for the recent growth in these categories of utilization, e.g.,

an amp.e supply of new doctorates, will continue in the future. Estimates of

the numbers of new doctorates finding these five types of S/E employment

during the projection period were derived using actual 1977 doctora: staff

totals, estimated attrition rates, and the projected 1982 and 1987 levels of
staffing produced by the extrapolations. (See p. 21 for a description of the

projection of postdoctoral positions.)

A few assumptions are implicit in these projections of utilization. A
steadily expanding economy would be necessary to support the high annual
growth rates in real R&D spending which are used in the projections of R&D
employment in industry. It is also assumed that doctorates currently holding
permanent S/E-related positions will not switch to non-S/E employment. This
assumption is important in projecting the number of new doctorates finding
S/E positions between 1977 and 1987 (table 7).

Table 7. Projected new doctorates hired for full-time

science or engineering positions!
{in thousands] 7
Category of Physicai Mathematical | Life Socal
empoyment Total | sciences | Engineenngl sciences  |sciences | sciences
o 1977-82 ‘

Totalt . . ... . . . 67 15 12 3 l 18 19
Uriversiies and collages 20 4 3 1 8 4
FFRDCs* .. . 1 1 —_ — — o
industry R&0 .. . ... . 14 6 5 1 2 1
Industry, other . 9 2 2 1 2 2
Federal Government 7 1 1 2 2
Other government . 3 1 1 1 1 2
Nonprofit institutions 13 1 1 l - 3 8

1983-87
Tota! . 61 15 9 L 3 { 16 17
Y

Umiversiies and colleges 18 5 1 1 ! 7 4
FFRDC s* 2 1 1 ' — Lo i
industry R&D .. 13 5 4 ; 1 ;2 1 1
Industry. other 9 2 2 ' 1 2 2
Federal Government . 7 1 1 ‘ - { 2 2
Other government i 3 - ; : 1 2
Nonproft instdutions = | 9 1 B . J 2 6

* £ acludes postdoctonates

« Federally funded research and development centefs admin- leied Dy vhiversties
Note Detarll may not add v ttals because of rounding

Sowrce Natonal Science Foundation



Overall Projections
Thepmjecbonsmdmteconﬁmedsteadygmwthmmetotalmmber
of S/E positions heid by doctorates.

. Within these totals, a shift away from the traditional dominance of col-
leges and universities is expected.’ Academic en sum of
regular positions, postdoctorates, and FFRDC staff—may account for only
40 percent of all full-time S/E doctorates in 1987 (table 8). About23 petcent
of S/E doctorates would, according to the projections, workmindustry in
S/E-related positions—the sum of industry, research and development and
industry, other—with the highest percentages so empiloyed being in engi-
neering, 44 percent, and the physical sciences, 36 percent. No other cate-
gory of S/E employment is projected to account for more than 9 percent of
S/E doctorates either in total or in any of the broad fields with the exception
of social scientists in nonprofit institutions.

A comparison of the distribution by type of employment of the 1977
labor force of S/E doctorates with the distribution projected for new docto-
rates holding S/E jobs in 1987 provides a rough indication of employment
shifts. It is estimated that about 130,000, or 70 percent of the 1977-87
new doctorates who enter the full-time labor force, will have regular S/E
positions in 1987 (table 7).’ (Of the remaining additions to the fuli-time
labor force about 10,000 would be postdoctorates in 1987 and about
45,000, or 25 percent, would have non-S/E jobs.) Only about one-third of
the S/E-employed are projected to be faculty or academic FFRDC staff
as compared to 57 percent of S/E doctorates in the labor force in 1977.%
The estimated share of the next largest employer, industrial research and
devilo,sment, is one-fifth as compared to about one-sixth in 1977. The
most marked expansion is in nonprofit institutions which are projected to
account for about one in six of new S/E-employed doctorates, in contrast

* The tollowing percentages compare only 1987 S/E employmsnt to the 1987 fuli-ime labor force. These hgures
ase nol comparabie to those in table 5 which compare total 1877 doctoral employment. including non-S'E, to the 1877
fult-tme work force

For purposes of Cc nputaton, thus assumes that no doctorate empioyed i an S/E posstron in 1977 will have a
non-SE pb m 1987 and that only U S graduates wil enter S/E positions during the projecton pariod  The latter
smphes that foregn-tramed mmwgrants wil find only non-S'E employment  This method of esttmation aiso assumes
periact substtutabivtly of sCientists and engineeers across age groups and does not consuder whether certas levels
of expenence ae necessary for 5ome postions.

* The h0 distrbutions are not strictly comparable. The 1977 figures are percents of all S E doctorates in the full-
wme labor force. meluting those with non-S € jobs The 1987 hgures refer to percents of 1977-87 graduates.
axciuchng postdoctorales, who ate projected to hoid full-tme S/E pobs.

10
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trends in nonpofit employment.? The projection techniques used in this
study indicate that industry may expand its non-R&D employment of doc-
toratestoaceountforﬂpercantofmehD 's engaged in S/E activities
in 1987, about double the 1977 share.

* Natonal Scrence Foundation, Charsctevistics of Doctoral Scuntists and m ihe Uniiad Siates, 1973,

(NSF 75-312). 1975. (NSF 77-309) (Véashngton, D.C. 20402: Sqlolooamus Governiment Printing Office)
and 1977 (NSF 79-306) (Washington, D.C.. 20850).




Table 8. Projected fufi-time utilization of sclencefengineering doctorates .
by category of employment: 1982-87

{Numbers in thousands|
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Umiversities and colleges

Postdoctorates ... ..

Federal Government

FFRDC's' ... ... ...
industry R&D . ..

'Faderally funded research and development Centars adnwisianad by universites.

! includes involuniary unempioyment

Nots Detasl may not sdd to tolals because of rounding.
Sowce Nabona! Scence Foundaton




Academic Staﬂ'
. The initial step in projecting this category of utilizai was to couple
" historical relationships, by major field, between full-time‘academic Staff (ex-

cluding those in FFRDC's)* and numbers of baccalaureates awarded*'
(an index of teaching loads) with NSF projections of degrees to obtain pro-

iected full-time staff by broad fieid in 1982 and 1987. This step assumes -

that past associations between degrees and staff will not change over the
prejection period. (As explained below, this procedure was not followed for
the sacial sciences. See appendix A-2 for a discussion of how use of var-
ious independent variables—such as baccalauraates in a single broad field
or total S/E baccalaureates—in the projection equations affected the proj-
ected staff levels.) These estimates were then adjusted to exclude post-
doctoral staff.. ‘

The next step was to estimate how many 1977 facuity members would
be active in 1982 and 1987 in order to be able to determine how many
new faculty would be required to attain projected levels of fuli-time staff by
" field. In estimating faculty attrition, it was assumed that all 1977 staff would
retire at age 66. Mortality was estimated from unpublished data on death
rates provided by TIAA and on age distribution by broad field from ACE.
Subtraction of the 1977 facuity by field, reduced by projected deaths and
. retirements, from estimated 1982 and 1987 staff levels produced esti-
mates of faculty hires during the projection period. it was assumed that all
new faculty in doctorate-granting institutions would have Ph.D.'s.*? For 2-
and 4-year schools, ACE conducted & special survey for this study to ob-
tain estimates by field of the proportions « 1976-77 appointees who had
or would soon receive doctorates.*® These proportions were increased by
10 percent to reflect the limited upgrading of staff credentials anticipated
by the respondents to the ACE survey and multiplied by estimated total
hires by broad field and type of institution to projec: 1977-82 and 1983-
87 appointments of doctorates to 2- and 4-year college faculties.

“ These histoncal refationships were denved using Wme senes dala wiwch aggregate posidactorates with reguiar
academus stalt

¢ The ustorical associations were devived from regrassion analys:s In only one heid was it also possiie to enter
the number of doctorutes awarded mio the rogressions. primarnty because of the colinearty between numbers of
bacheiot § and PhD degrees

The nsufhciency of data on natonwade undergraduate S& course enroliment by helt preciuded using envol-
menis as sn ingependent vanabie in the regressions  Thes ack of information atso ruyjed oul 1he use of student-faculty
1atr0s. @ common mathod of estimating faculty requiremens

Because of the hmited number of observations (8) on academic staff. it was 8is0 . :01 possdie 10 include academic
R&D sperxting as an mdependent vanable

“ A 1974 NSF study found that nondoctor ates heid onty 4 persent of all full tme facufty posmions m 15 selected
S E hewds See Natronal Scence Foundation, Young and Semvor Scrence and Engineerang Facully. 1974 Suppont,
Research Partrcipaton and Tenusre (NSF 75 302) 1Wasr»nglm D C 20402 Supt of Documents. US Government
Pummg Otticey

* Frank J Atelsek and ireng L Gomberg New Fuill-Trme Facully 1976 77 Hwing Pafterns by Fievd and Edu-

catonal Altanment (Wastungion D C  Amencan Counci on Education. March 1978)
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The projected total 1987 doctoral S/E full-time faculty of 146,000 is 11
percent higher than the figure for 1977 (table 9). This increase would have
been smaller if social sciences faculty were expected to drop along with
social sciences baccalaureates. Recent NSF surveys,“ however, found
that staff in this field grew from 1975 to 1977 in spite of a sharp decfine in
bachelor's degrees in social sciences. Consequently, it was assumed that
total social sciences staff will remain censtant during the projection period.
Because 0f anticipated upgrading, however, doctoral staff is projected to
grow by 5 percent in this field by 1987. The number employed full-time as
mathematical sciences faculty was negatively related to the number of bac-
calaureates gwarded in this field but was positively related to total S/E
bachslor's degrees, probably reflecting the role of such faculty in teaching
students majoring in engineering and other fields of science. Because of
this finding, mathematical sciences staff, both total and doctoral, is proj-
ected to remain roughly unchanged in spite of anticipated declines in bach-
elor's degrees in the mathematical sciences. Doctoral faculty in engineer-
ing is projected to grow slightly, whereas projections for the physical and
life sciences indicate about 20 percent expansion of doctoral faculty by
1987.

“ Nationa! Science Foundation Oefaded Statrstcal Tables Manpower Resources fov Screntic Actvibes at
Unversdias and Colfeges. Januvary 1977 (NSF 77-321) (Washington. D C 20550}

Tabie 9. Number and percent change In fufl-time doctora:
sclentists/engineers employed in universities and 2- and 4-year colleges' by fleld

Percent Percent

change change

Frald 1977 1982 1977-82 1987 1982-87
Total . L 131,000 138,000 5 146,000 6
Physical sceemsxs 24.500 27.000 it 30.000 11
Engineers ... ... e 12.700 14,000 10 - 14.000 0
Mathematizal saem'sts ......... 12.600 13,000 3 13.000 (4]
Life scienusts . . 37.400 4”000 7 44,000 10
Social sc:entlsts .o 43,800 45.000 3 46.000 2

Excludes postdoctorsies and stafl of federally funded research and development cenlers
Note Detast may not aid to totals because of rounding
Source National Science Foundation.
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Industrial R&D Staff

In 1977 indusinal R&D positions accounted for 16 percent of full-time
employment of S/E doctorates. This share is projected to be the same in
1587. < a '

Lack of reliable data on the proportion of new industrial R&D empioy-
ees who have doctorates dictated a change from the order of steps fol-
lowed in projecting doctoral utilization in academia. For research and de-
velopment in industry, estimates of doctoral hires were derived from
projections of total employment &f S/E doctorates in 1982 and 1987.

As the first step, the historical relationships between full-time-equiva-
lent (FTE) R&D scientists and engineers and constant-dollar R&D expend-
itures in major industries. e.g., chemical and allied products,*® were statis-
tically estimated using regression analysis (appendix A-2).

Estimates of full-time employment by major industry in 1982 and 1987
were produced by conibining the regression results with the Foundation's
estimates of future industrial R&D expenditures by major industry.*® These
estimates were summed to yield projected total employment (over all in-
dustries and fields) in 1982 and 1987. The proportion of these totals who
would have doctorates was estimated from the comparable 1977 fraction
(.129). This proportion was adjusted by multiplying it by 1.1 to reflect the
imited amount of future staff upgrading anticipated by R&D directors re-
sponding to a recent NSF poll.*” Multiplying the adjusted fraction (.142) by
the estimated 1982 and 1987 totals derived above produced projections
of 1982 and 1987 doctoral scientists and engineers for all fields combined.

These projections were then disaggregated according to the 1977 distri- '

bution of S/E doctorates by broad field in this category of utilization. (This
assumes that doctoral employment in all fields will rise by the same per-
centage (30) in the 10 years 1977-87). This procedure produced projac-
tions of 1982 and 1987 employment of S/E doctorates by broad field in
industrial research and development. in the next step, use of BLS occu-
pation-specific attrition rates allowed estimation of future losses from the
1977 S/E doctoral work force. Those who were projected to be still em-
ployed in 1982 and 1987 were, subtracted from doctoral staffs by field in
thase-two years to yield estim:;b\of the numbers of S/E doctorates hired
in 1977-82 and 1983-87. ‘

\

¢ ndusties were specified at the 2-digt SIC code ievet
- " Natwonal Soence Foundation 1985 R8D Funding Projectns (NSF 76 314) (Washington D C 20402 Supt
of Bocuments U5 Government Punting Othicer Because relatively few have part-ume jobs n industnal research
and development the projections drop the distinchion between FTE and tull e empioyment

* Natonal Seence Foundation Scrence Resources Studies Highights.  Utihzation of Science and £ngmeering
Dic tinates o Industniagl Research and Development  (NSF 78 301 «Washington D C 205%0 Apni 11 1878)
® -
A
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Other Categories

The remaining five categories (excluding postdoctorates) of S/E em-
ployment—the civilian component of the Federal Government, nonprofit
institutions, that part of industry not included in industrial research and de-
velopment, “other govermnment,"® and FFRDC's administered by uni-
versities—accounted for about 20 percent of the utilization of S/E docto-
rates in 1977. This share is projected to rise to aimost 30 percent of the
1987 fuli-time labor force of S/E doctorates.

A brief summary of current trends demonstrates why these categories
are projected to increase their share of doctoral employment.* The Federal
Government, the largest of 1977 employers considered here, ac-
counted for about 7 percent of the 1977 labor force of S/E doctorates. Fed-
eral civilian doctoral empioyment increased from 17,600 to 21,400 between
1973 and 1977 while Federal staffing of total scientists and engineers re-
mained stable, resulting in an increase in the proportion of the civilian Fed-
eral S/E workforce with doctorates from 11 percert to about 13 percent.

Industry expanded utilization of S/E doctorates in activities other than
research and development by almost 70 percent betwe=n 1973 and 1977—
from 12,500 to 21,000. Unlike the Federal Government, FFROC's, and
nonprofit institutions, industry employed many of its S/E doctorates in non-
S/E activities—an estimated 5,000 in 1977, or one-fourth of those not in
research and development.

In 1977 nonprofit institutions, including hospitals and clinics, had al-
most 19,000 S/E doctorates on their staffs, about one-half more than four
years earlier. This increased this category's share of the S/E work force
from 5 percent to 7 percent. The most dramatic growth in this sector was
among psychologists who went from 4,900 in 1973 to 8,700 in 1977, pri-
marily as a result of hiring by hospitals and clinics.

During 1973-77 employment of S/E doctorates in “other govern-
ment” employment—State, local, military, and Federal Commissioned
Corps—rose by almost 30 percent to comprise about 3 percent of total
1977 utilization of S/E doctorates, about the same share as in 1973. This
category accounted for about one-fourth of all 1977 public employment of
S/E doctorates. Approximately 10 percent of S/E doctorates in “other gov-
ernment” were engaged in non-S/E-related activities in 1977.

“ State tocal. midary and Federal Commissioned Corps (e g . officers in Publc Heaith Service;

* Time senies data on esnployment of doctorates are very imedtad n all five sectivs wilrs the excophion of aca
demx FFROCS The chuef sources of information are the 1973 1975 and 1977 Surveys of Doclorate Recrxents as
1eported n Natronal Academy of Sciences Doctovs! Scientists and Eagineers in the United States (Wasturyton D C
20418) FFRDC data are from the Nationai Science Foundation s seres of sufveys of scientdic and engineer ing
personnel al uversties and colleges for selected years 1969 through 1977
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Academic FFRDC's employed 3,600 S/E doctorates in 1969, the first
year that NSF surveyed these centers, and 5,400 in 1977. During these
eight years, total S/E employment in FFRDC's rose by about one-fourth to
13.700.

Two considerations suggest that factors of demand may not be as
closely linked to utilization in these categories as was found in industrial
research and development and academia. First, it is not feasible to relate
future S/E utilization to projections of R&D spending in these categories as
was done for industrial research and development. No direct link was found
between R&D spending and total S/E staffing (including nondoctorates) in
the Federal Government and acad .mic FFRDC's in spite of the concentra-
tion of staff in both cases in R&D activities. Regressions did indicate a
strong relation between S/E manpower and R&D expenditures in nonprofit
institutions, but only abput one-half the S/E doctorates in nonprofit institu-
tions are engaged in rgsearch and development. A slightly smalier fraction
of S/E doctorates in ‘‘other government” are so employed. With the pro-
portions involved in research and development so low, it was decided not
to project doctoral staffing in nonprofit institutions and “other government”
on the basis of R&D spending. The second consideration is that no quan-
tifiable demand factor was found which would explain hiring by industry of
S/E doctorates for non-R&D positions.

The seemingly limited importance of demand factors suggests that the
rapid growth of employment of S/E doctorates in these categories between

1N
fa

&’

1973 and 1977 may have been largely a result of the large supply of doc-
torates available during this period. This allowed employers to substitute

. doctoral for nondoctoral staff at little increase in cost. This hypothesis

seems most reasonable for those types of positions for which doctorates
are generally not considered essential. To the extent that this hypothesis
is valid, past growth in doctoral staffs may continue through 1987 because
similar opportunities for employers to upgrade staff should continue
mmugmmmmmpeﬁod.mmmsisofmisreaMng.exﬁapo-
lation of 1973-77 rates of growth in utilization*® of doctorates by lield and
category are used to project 1982 and 1987 doctoral empioyment for four.
categories, whereas for the fifth, academic FFRDC's, 1969-77 g%vth
rates are used.’' Because of the short periods which provide bases' for
extrapn'ation of utilization and the difficulties in explaining demand for doc-
torates, less confidence is attached to projections of utilization in these five
categories than is given to projection of industrial R&D and academic em-
ployment.

* As stated above, mdustry and “other “ empioy many S/E doctorates in posihons not related to
science and engeneenng. The 1973 and 1977 bases used 1 axirapblations for these two categones wave reducsed 10
account for those engaged n non-S'E actviies $o that the two bases would represent ondy S/E amploymant.

* The fongsr tima penod was used for extrapolating FFRDC doctoral staft but not for the other categories be-
cause, first, 1969 data were not avaliabio tor the other four categones and. second, the tonger trend praduced a lower
projected 1687 staft m FFRDC'S (8,000 vs. about 9.000 using the 1873-77 trend) The smaller figure appeared
more Kkely in view of projected moderate growth in FFRDC expendihwes and the aiready gh proporbon of FFRDC
staft with doctorates (40 percent in 1977,
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‘Chapter lll. PROJECTED BALANCE BETWEEN DOCTORAL SUPPLY
AND SCIENCE/ENGINEERING-RELATED UTILIZATION

\-

\

The 1982 and 1987 balances between fuli-time supply and utilization
intfwmrketfordoetoralsdenﬁsisandmneemmprmabym
paring the estimates of the Ph.D. workforce in those two years with esti-

- mates of the future numbers of S/E jobs heid by doctorates (table 8). Non-
- S/E utilization, which is not projected directly, is derived as the difference
betwaen the estimates of doctoral supply and S/E utilization. Non-S/E uti-

 lization thus consists of those in non-S/E positions and those who be Table 10. Utilization of fuil-time
unemployed. Table 10mnadzesthi$mpoﬂ'ssupplyanduﬁlmg‘naypm- doctors! labor force by fleld: 1977, 1962, and 1987
jections for 1982 and 1987 and compares the estimated future percent-
ages of doctorates with non-S/E employment with 1977 figures.® The pro- [0 thousands|
jections indicate almost a doubling in the proportion of the work force in =~ Type of - WW""I‘““W tte | Socsl

~ non-S/E positions from 9 percent in 1977 to 17 percent in 1987. Al broad __utzation Towal | sclences % Sclences | sciences | sclences

- fields, with the exception of the physical sciences, are projected to share in 1977 Estimate ,

* the rapid expansion of non-S/E utilization. The projections do not describe Labor force T - o ™
where doctorates with non-S/E jobs may work or the types of activities in S/E utitzation . ...........| 265 P 42 9 67 P
which they may be engaged. ‘ Non-S/E utiization' ........| 25 7 3 1 4 )

Explicit incorporation of market feedback in the doctoral-degree pro- Non-SIE utiization as .
jection model did not prevent this projected growth in non-S/E utilization. percent of labor force ...| 8 10 6 6 | &8 | B
Factors such as downward inflexibility ¢t salaries and the nonrészonsive- , 1982 Projection
ness of employers to changes in relative salaries partly explain why the | worce.......... [3 T & | @ | % | @ [ 3
market does not balance supply with requirements. An example in higher S/E ultization ............. 302 77 51 21 76 79
education of the second factor may be founa in the practice of many com- Non-S/E utiization' ... 50 6 7 4 12 %

~ munity colleges of hiring staff on the basis of an applicant's practical ex- Non-SIE utiization as .
perience rather than advanced academic credentials.’® Because of this parcent of tabor force ...} 14 7 12 16 14 19
practice dacreased differentials between the salary expectations of mas- T e ','9’8’7‘;,:;,;&“, R
ter's and doctoral applicants might not strongly affect the number of Labor force 2T e 1 - S T
Ph.D.’s hired by some 2-year schools. SIE utiktzation ............| 342 86 58 2 87 91

Non-S/E utiization® .. ... . 70 9 14 6 16 22
 The esbmaled actual and projected future percentages refiect a dfference i the treaiment of academ: stafl Non-SIE utihzatron us <
The Netona! Acadamy of Sciences clesadied about 10.000 acadenc scientists and engeneers #8 bewng engaged in percent of isbor force .. .| 17 9 19 21 16 .~ 19
nmvS/Emmam1977.Mm1ammmansmmmumm”m&£m
Nahonal Resesrch Councel. Scrence, Engineenng. and Humanwes Doctorates m the Uniied States. 1977 Profe, op ' inciudes unempioyed.
ot Note Detad may not add 1o tolais becauss of rounding
" Thes conchusson 1s based on an NSF-sponsored survey raported = Ateisek and Gomberg. op cd Sourcea Nasonal Science Foundabon
46
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In addition, student responses to market conditions may not be ade-
quate 10 equate supply and requirements because students receive only
incomplete information on market conditions. Another consideration con-
tributing to market imbalance is that noneconomic factors predominate in

the career choices of many individuais. Many students begin and complete

graduate training in spite of poor salary prospects or even the possibility
that they will not be able to find jobs in their fields. Students in different
fields seem to vary in their responsiveness to market conditions. For ex-
ample, the results of regression equations indicate that women in the social
sciences are not very responsive to market conditions in deciding whether
to complete graduate school (appendix A-2, p.28).

Demand can aiso change unexpectedly so that temporary shortages
or surpluses occur until supply can adjust. Such-an imbalance might resuit,
for exampie, from suddenly expanded requirements for young researchers
because of a new Federal R&D initiative. Any of the causes above may
produce short-run market imbalance. Whether the doctoral market attains
balance in the long run and how that batance is reached depends on mar-
kat forces beyond the scope of this study.> ‘

' “ﬁaWMMMmmm Qicherd Froeman.
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Chapter IV. SUMMARY OF PRCJECTION METHODS AND ASSUMPTIONS

‘Methods

Them'emodsemployedtopro}ectmenumberofS/Edoctoratessup-
plied to and utilized in the S/E labor market consist of a substantial number
ofs:aps.Toassistmereadefﬂwasghmeseommxiﬁes.mspedﬁcsteps
used in generating the projections are summarized betow. An overview of
projection assumptions and sensitivity of findings to variations in these as-
sumptionscanbefoundinhesmxdpaﬂofﬂﬁschapter.

Projecting the S/E Doctoral Supply

The supply projections are generated by first establishing a base esti-
mate for the vear 1977..Fhis base-year supply is projected to the target
year (1982 or 1987) by adding the number of S/E doctorates projected to
fiow into this market (new doctorates, immigrants) and by subtracting the
number of S/E doctorates projected to flow out of this market (retirements,
deaths, emigrants). The specific steps used 10 estimate the target-year
supply are outlined below:

1. Base-year data for 1977 S/E doctorates are tabulated from data
collected in the 1977 Survey of Doctoral Scientists and Engineers.

2. New entrants for a broad field are estimated using the following
factors: (a) the number of S/E baccalaureates; (b) the proportion
of those baccalaureates who .enter graduate school; and (c) the
proportion of those who enter who uitimately complete the require-
ments for the doctorate.

(A) The number of baccalaureates are extrapolated on the basis
of trends observed for the period beginning as early as 1960
or as late as 1974, depending on field and sex, and ending
with 1976 (p. 2).**

¥ for the four troad science hekds the number of baccalsuieates were extrapoiated al one-hall the annual rates
o! change reflacted by observed trends to generaie projections that woulkt be consistent with Ristoncal 8xpenence
progectons of enginesting baccalaueates, desived from an econometne model NCOMOrating responses o market
condihions. were obtained from an unpublished repon furshed NSF by the Center for Palicy Alternatives. Massachy-
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(8) Projections of (b) and (c) are assumed to depend on an index
. of market conditions—SEEK, the fraction of those about to re-
ceive thair doctorates who are seeking employment and have

not yet found jobs at the time they respond to the annual Sur-
veys of Eamed Doctorates. Projections of SEEK for a broad
field are generated from an equation in which SEEK is linked

to selected supply and factors.™ Future values of

SEEK are generated year by year by first projecting the num-
. berofnewdodoratesinagfarandmendetemiringmevam
of SEEK for that year (p. 28).

. o
(C) Projections of the proportion of baccalaureates Who enter
graduate school are generated from an equation in which this
variable is linked to SEEK and other variables that have been
found to be associated with entrance rates (p. 27).”

(D) Projections of the proportion of those entering in year t who
ultimately complete the requirements for the doctorate are
generated from an equation in which compietion rates are re-
lated to values of SEEK in year t + 2 (p. 28).5

3. Net international mobility is estimated as follows: (a) The projected
number of new doctorates awarded, generated by the steps de-
scribed in 2 above, are adjusted downward to account for doctor-
ates received by foreign students who are assumed to retum to
their native countries. Estimates of the number of new doctorates
who will emigrate by field are based on statistics describing S/E
doctorates eamned by those with temporary visas in the years
1874-77. The projected total number for all fields, 2,600 annually,
is the average of the 1974-77 numbers. (b) The projected number
of new immigrants with S/E doctorates is added to the base-year

* The supply venable used in this equation 15 the number of néw doctorates swarded. The demand vasable usad
varied by heid, umor faculty apenings ane used for mathematcal, We. and social sciences. wheress industnal RED
sxpentiiues ae used for physical sCences and engindenng. The relabonshy between SEEK snd these vanablas &
oshmatad from hsioncal data by mesns of ENAEY regressIon analys:s.

"NMMNMWMWM“WVM.MS&EK
wmm:mmmmwmumwm The other vanables
mciuder; o the reiationsivp vanad by field and sex The complate set of other vanables used i thes analytis 18 tme
{a tren3 vanable), the number of baccalawestes. and the number conscriptad Kr metary service

-Twmmmmwmwmamwm.
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#'major field: (a) the projected number of S/E doctorates employed in S/E .

estimate of S/E doctoral supply. The annual number of immigrants
with S/E doctorates is projected at estimated 1974-76 average
annual levels. No adjustments were made to the base-year stock
to account for annual emigration of American- S/E doctorates
(p. 3). .

4. Net flows into and out of S/E fisids are projected by.assuming (a)
all field-switching occurs immediately after receipt of the doctorate

and (b) post-1977 switching will remain stable at 1973 leveis-

{p. 4).% .

5. Adjustments for projected attrition caused by death and retirement
are made by subtracting the amount of attrition expected from
these causes from the base-year S/E doctoral supply. Projected
attrition is estimated separately for S/E doctorates in the academic
and the nonacademic sectors of the economy (p. 4).

Projecting the Number of S/E Doctorates Utilized
Twc sets of uilization projections are generated by this study for each

fields and (b) the projected number of new openings for S/E doctorates in
S/E fields. Projected employment in academia and industrial R&D is based
on historical relationships between employment and key demand factors—

student enroliments proxied by S/E baccalaureates and industrial R&D ex-

penditures.®® Projected employment in other areas is generated by linear
extrapolation of past trends. The estimated numbers of new doctoral open-
ings were generated from projected in empoyment and projected
attrition of S/E doctorates currently employed in S/E fields. Specific meth-
ods used to produce these projections are outlined below.

Separate employment projections were generated for individual areas
of the economy using three distinct methods—one for academia, one for
industrial R&D, and one for all remaining areas.

1. Academia: The projections of S/E doctorates empioyed in acade-
mia were made in three steps.
(A) The employment of fuli-tim_ academic staff is linked to the
number of S/E baccalaureates and trend variables (p. 29).
(B) Total new openings are defined as the sum of (1) projected
attrition and (2) projected growth in employment. Attrition pro-
jections were discussed earlier in this chapter. Growth in em-

"’TMWMmmewmamvsmdhddo!myeamhwdmnw
for all S/E doctorates m 1973 Adjustments for mierfeid mobidy are made oniy fo the supply of new S/E doctorates
= These relabonships are ostmated from fstoncal data by Means of kNG (aQress:on analyis.
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ployment is estimated from the projection equations describing
the linkage between academic employment and baccalau-
reates for a broad field. )
(C) Future doctoral hires are estimated by field by multiplying total
academic openings by projected proportions of thesa open-
ings expected to be filled by S/E doctorates (p. 12).*'
(D) These projected hires are added to numbers of 1977 doctoral
staff who are expected to be employed in academia in 1982
and 1987.
(E) The projected utitization of S/E doctorates in academia derived
from steps (A) and {B) above are augmented by projections of
the number of postdoctoral positions. These are derived by
assuming that, except for life sciences, the number of U.S. cit-
izens and permaiont residents hciding such positions will re-
main at 1977 levels. For life sciences, it is assumed that the
number of such positions will increase, by a constant amount
each year (p. 21).%

2. Industrial R&D: The projections of the number of S/E doctorates
employed in industrial R&D activity were made with the following
steps.

(A) Full-time R&D employment is linked to industrial R&D expendi-
tures in seven separate industries—representing about 85
percent of all R&D employment.®® Future R&D empioymerit in
each industry is estimated on the basis of projected R&D ex-
penditures. R&D employment is summed over the seven -
dustries and multiplied by 1.16 to account for the exclude in-
dustries. Doctoral employment by field is then generated on
the basis of the assumptions that (1) the proportion of all R&D
employees with S/E dociu.ates will increase by 10 percent '
from the 1977 level and (2) the percenptage distribution of S/E
doctorates by field will be the same as in 1977 (pp. 13 2nd 37).

3. All remaining sectors: The projections of the number of S/E Goc-
torates employed in S/E jobs in the remaining sectors of the econ-
omy were extrapolated from historical trends (pp. 13 and 14).%

* The proportiols of new opensngs hited by S/E doctorates 1s piojecied Dy assummg doctorate-granting msitu-
mmmms&mmmummmmmmmmmmpum
above the proportions of 1976-77 new cpenings in these msttubons that were filed by S'E doctorate

"Tm«mnmmmmdmmmmmmmmmmmmﬂmwm
0 pOSKioCioral postions

*- These noustes nciude the tollowng. Chemical and ailed. professional and scanithe nsiruments, arcraft and

ship between employment and R&D axpenddures s estimated from hsloncal dats Ly means of knear regresson

“Exoépa for ampioyment n FFRDC s, 1873-77 trends were used i the piogecton model For FFRDC's,
1969-77 tronds were used
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Rationale for and Sensitivity of Assumptions
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Factor [ Assumgtions Seneltivity Rationale
SUPPLY
Projections of doctors! awsrds s
Projected numbers of bacheior's For broad S/E fieids othar than enginearing, the Aralysis of available data and iiterature indicates Sensitvity vanes by heid in relation to strength of
degrees and ther relaton {0 number of bachelor's degrees will continue through that market conditions exert kimited influence on the market effect. in mathematical sciences, for
numbers of doctoral degrees 1987 the trond estabiished as of 1976. The rate of choice of undergraduate majors by most science example, a 10% variation in annual number of
gwarded change, however, will be one-half the established students. Extrapolation of existing trends, attenuated baccalsureates for 1977-87 changes projecied
rate. (Engneering baccalaureates are projected with by one-half. produces projected sclence doctoral degroes by about 5% in 1987. The number
an econometric approacn that links degree awards to baccalaureates that, with the addition of projected of mathematical screntists i the full-time labor force
market conditions.) engwneerning baccalaureates, represent 29% of NCES would change by about 2%. The comparable
progection of total bacceisureates and first- changes in enginesnng would be 3% and 1%,
| professional degrees in 1987. This proportion raspectively. _
! rangod narrowly from 28% to 32% in the years 1854
5 to 1978 .
Doctoral awards i physical i Graduate scheol enroliment and completion rates in Regression analysis indicates that enroliment and A drop n the average projected growth in R&D
scences and engineenng ! these two broad fields can be related to the amount compiation rates in two broad fieigs are expanditures from 3.2% to 1.5% a year decreases
I spent in industry on R&D Growth mn such responsive 10 market itions which can be 1977-87 doctoral awards by about 10% n each
| exp..diures vanes by major industry group. The explained by the level of mdustnal R&D spending fieid. The projecied 1087 fuli-time doctoral lat.or
' average projected annual rate of R&D growth 1s and the numbers of doctoral degrees.' See appendix force would drop as 8 resuft by about 3% in the
E 329 ' A-2 for regression equations used in projechons. physical sciences and in engnesaring by about 5%.
, j
Dot at awards ¢ ife ane sucial ' Graduate school enroliment and compietion rates m Regression analysis indicates .hat envoliment und E in mathematical and ife sciences. a 10% vanation n
SOPNCes and mathemati a these three broad hields can be refated to the completion rates in these thwee broad fields are I projected junior faculty openmgs would result i
SCIENC P numbers of jumor faculty openings responsve 10 market conditions The iatter can be ! about 22, changes in projected doctoral awards and
explained by the numbers Of jurvor laculty opemings | about 12, changes in tull-time doctoral labor torces n
and doctoral degrees in each of these broad fiekds . 1987 Comparable changes in social sciences would
Estimates of past openings are for al fieids ' be less than 19 '
combrined whereas estimates of future openings
were made for each broad held.? See appendix A-2
for regression equations used in projections
ad
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Factor _ Assumpiions v . Rationsle - Senaltivity \
1 . \
international mobeii; -
Emigration Annuad numbers of doctoral emigrants by sex and - Students on tempovdry visas must leave the United 10% vasiation in the numbers of emigrants changes
fisid in period 1977-87 will be equal to average States on completion of studies or receive a - the projectad 1887 full-me labor force by about
nunibars of doctorates eamed by foreign students on permanent visa, in which case they afb-inciuded in 0.7%.
temporasy vigss in 1874-77. immigration totals. Presumably few American
citizens with doctorates jeave this country
permanendly. Information in the 1977 Survey of
Doctorate Recipients indicaies that only abowt 4% of
U.S. citizens planned fo jocate abroad after recelving
. docrorates. This included those planning study
” sbruad as well as those employed by the Federal
Governmeni.
immigration Annual number of immigrants in each broad field in Projected oversupply of doctoral scientists and 10% change in doctoral immigrants changes doctoral
1977-87 will equal the astimated average annual enganeers in this country will deter enough potential tabor force by 0.5% over projection period.
numbers of S/E doctorates who imrmigrated i immigrants to prevent future tolals from climbing
1974-76. above 1974-78 averages.
Fleid mobility

Fieid-swiiching of doctorates

Attrition

Attrition of regular academx. staff

/s

Attrits
in acagemia

Cr
fomn,

doctorates not empioyed

Alf hield-switching occurs immediately after recept of
the doctorate. Future motiity of new doctorates will
be the same as the 1973 cistnbution of all active
doctorates by ~eid of degree and field of
~mpioyment

Mortality 0f acadenmwc staft in 1978-87 wil equal
1978 mortably cates for the male population insured
by Teachers insutance and Annuity Association
{TIAA). All staff will retire upon reaching 66 years of
age. {Voiuntary separatron from labor force prior 1o
age 66 will be insignvhcant )

Death retirement rates in 1978 87 for

. doctorBites not employed m academa will equal

unpublished BLS occupation-specthic des’n arnd
retrement rates for 1980

Recent data indicate that 1973 patterns of mobdity
have perssted. .

Mortalty data show that unwversdy and college statf
live longer than the general population. TIAA
information on annuities ndicate that 66 is ciose o
the median age of retirement

No other atintion rates are avaiabie in these seclors

Not appiicable

Use of BLS death rates lowers the 1987 total full-
time docloral iabos force by about 1.4% below the
level projected with TIAA rates. Assummng academic
staff retwo at 71 increases the projected 1987 total
full-time doctoral labor force by about 1.5%.

A 10% vanation i BLS rates changes projected
1987 total full-t:me {abor force by about 2%.
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UTILZATION
Academie
Projected numbers of bachelor's . The number of academic staff employsd in a broad Teaching is the primary function of three-iourths of 1_mmmmmdm
dagrees and their relation to the field is related to the number of bachelor's degrees the permanern: staff. Bachelor's awards are the best 19387 staff requirements (including non-Ph.D.'s) by
number of full-time regular staft. - awarded either in that field or in a group of S/E fiekis. among existing measures of the demand for the following percents: Life sclences, 9;

Proportion of new faculty twres in 2-
- and 4-year colleges who have
doctorates

Numbers of US citizens and
permanent residents holding
postdactoral fellowships

‘Frank Atelsek and hene L Gomberg op ot

o 56

(See appendix A-2 for equations relating stalf 10
bachelor's degrees and other vanables.) Future
baccalaureates can be projected as qutiined in first
assuinption for supply model é

For each broad S/E field af the 2- and 4-year college

-levels. the proportion of new faculty with doctorates

will ncrease 10% above the levels found for the
perrod 1976-77 in an ACE survaey.?

For broad S'E fields other than kfe sciences, the
numbers of U S citizens and permanent residents
holding postdoctoral feflowsiups will remain at 1977
levels through 1987 The number of postdoctoral
fellows in life sciences wall ncrease from 5200 in
1877 to 5,600 in 1982 and 6.000 in 1987. (There
were less than 3,000 such positions filled i 1972.)

teachers in a field. Unavailable measures such as
enroliments by field should be highly correlated with
baccalaureate awards.

This amount of faculty upgrading would be
consistent with the expectations of those responding
10 the ACE survey.

Only in the physical and life sciences do large
numbers of S/E doctorates hold postdoctoral
fetlowships. The numbei of such positions in the
physical sciences was stable between 1972 and
1977. Postdoctorals in the life sciences grew
signincantly over this period, but funding constraints
may reduce such growth in the future.

mathematical sciences, 10; engineering, 2; and .
physical sciences, 3. Social sciences facully would
be unaffected because a 10% change in social
sciences baccalaureates would not affect the
assumption that staff in this broad Seld will not drop
below 1977 total in sphe of falling degree ttals. The
changes above wauid total about 2% of total 1987
doctoral S/E ulifization.

A 10% change in the proportion of new facully with
doctorates at 2- and 4-year colleges changes the
number of S/E doctoral hires by a¥ academic
institutions, including urwversities, by 4% during the
utdization in 1987 for af eectors combined by less
than 0.5%.

A 10% variation in the number of postdoctoral
fetiows changses the size of the S/E doctorate labor
force by 0.25%. .
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Assumptions

m

Wchustrial RAD ) .
Projected amount of R&D The number of inclustrial R&D staff amployed in & Expendihros and staffing are closely inked in this A drop in average projected growth in R&D ¢
axpenditures in industry and its broad fleld is relatad to the amount of R&D spending activity. Future growth rafes are from 7985 R3D expenditures 10 1.5% a year decreases 1977-87 ‘3
relation to the number of scientists in each industry group. Futire R&D spending will Funding Projections, (NSF 76-314). ,mmnmﬁ&owmmmr

T and enginears employed. grow an average 3.2% annually in industry. causie 8 3% drop in total S/E doctoral utilization in
_ 1m7hdmm.

omrm

Level of S/E utitization of doctorates Observed frends in doctors' smployment from 1973 Observed trends reflect the effacts of a period of A 10% variation in existing employment trands in

in 1982 and 1987 in the Federal
qummm(mm

.t

to 1977 (1968 to 1977 for FFRDC's) by broad fiekd

and category of employment will continue through
1987.

ample supply of new doctorates. This allowed
employers in these categories of employment to
upgrade acadamic credentials of stafl. Employers
will continue to have these opportunities for
upgrading throughout the projection period.

these, categories of empiloyment would change 1887
S/E wtilization of doctorates by about 1.5%.

’
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APPENDIX A
Technical Notes

1. Comparison of Current and Previous NSF Projections

The estimates presented in this report reinforce the chief resuits of the Foun-
dation's earlier study, Projections of Science and Engineering Doctorate Suppfly
and Utilization: 1980 and 71985 (NSF 75-301). Both reports conciude that the labor
force of doctoral scientists and engineers in the United States will expand rapidly
through the eighties and that increasing percentages of these highly trained per-
sonnel will be employed in non-S/E-related positions. The new projections, how-
ever, put the estimated 1987 level of non-S/E utilization below that estimated for
1985 in Supply and Utilization (table A-1). Also, the new projections of future
doctoral awards differ signiticantly for the physical sciences and engineering from
those in Projections of Degrees and Enrollment in Science and Engineering
Frelds to 1985 {(NSF 76-301) (table A-2).

Table A-1. Projections of labor forces and

S/E-related utilization by field
{in thousands|
Projections in previous repon’ New projectons
1985 1987
non-S € non-SE
1985 related 1987 related
SE. utithzation SE- uthzation
1985 related as a 1987 related as a
doctoral | utdization pescent doctorat | uthzation percent
tabor ot of iabor tabor of of tabor
Freld force doctorates force foice doclorates force
-
Totat 374 293 22 412 342 17
Physicat
sciences 85 76 11 95 a6 - g
Engineenng 64 45 29 : 72 58 19
Mathematcal _
sciences 22 16 27 28 22 21
Lie scences 92 85 8 103 87 1)
Social scences 113 71 37 113 g1 19

Promctions of Scmsnce and Engmestig Dax (orate Supply 8nd (lization 1980 end 1985 (NSF 75 301} prob
able model
Source Nationat Scrence F oundation
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Three factors—improvements in projection modeting, recent educational and
economic developments, and better information on doctoral utilization—account
for changes between the outiook of the previous reports and the current projec-
tions. On the supply side an important modeling advance has been to link graduate
school envoliment and completion rates to market conditions in each of the five
S/E fields. For estimating future utilization, equations based on regression analysis
now link S/E employment in academia and industrial R&D to demand variables.

Recent developments affecting the projections include higher expectations of
industrial R&D spending and greater participation of women in engineering and
the life and physical sciences. in the projection model, higher industrial R&D
cpending results in nore S/E jobs in the business sector and larger doctoral
classes of engineers and physical scientists.

-~

5 .
Tabile A-2. Comparison of new and previous doctoral S,E projections

by tieid .
1985 previous 1885 1977 Histoncal
Fieid of degree report’ new cctual tughs
—
" Physical sciences
Men . 1.500 3.200 3100 4.145(1971)
Women 200 600 310 310 (1977)
Total 1,700 3.800 3410 4,391 (1971)
Engineenng .
Men . 2.500 3800 2.567 3.679(1972)
Women .. o 200 500 74 74 (1977)
Total . . . . 2.700 4300 2641 3.704 (1972)
Mathematical scrences . —
Men . . 600 800 a3 1.245 (1970)
Women 100 100 128 128 (1977)
Total 700 900 959 1,343 (1970)
Lile scences
Men 3.600 4 200 3421 3.910 (1971
Women 1.000 1 400 845 845 (1977
Totai 4.600 5600 4 266 4,534 (1971)
Social sclences
Men 4.800 4.100 4524 4.524 (1977)
Women 2.300 2.500 1.573 1.573 {1977)
Totat 7.100 6 600 6.097 6.097 (1977

Probable mode! Projections of Degrees and Enolments in Sceance and Enginesring Feids in 1985 (NSE 76
301
Source National Science Foundation and Natonal Resevarch Councit
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improved informaton on utilization has also affected the projections. Since
the last NSF report on supply and utilization, a special survey has been conducted
on the proportion of new hires for 2- and 4-year college faculty who have doctor-
ates.' Other recent surveys provide a basis for extrapolating utilization of S/E doc-
torates in government, nonprofit institutions, FFRDC's, and industry-(other than
research and development).? The discussion below compares the new and pre-
ViOus projections in more detail.
Balance Between Supply and S/E-Related Utilization of Doctorates

For four broad fields as well as for all fields combined, the new projections
place non-S/E utilization in 1987 below the percentage levels estimated earkier for
1985 (table A-1). The most marked change in outiook is in the social sciences
where the projected imbalance has dropped from 37 percent to 19 percent. The
smalier gap between supply and S/E utilization can be attributed to higher expec-
tations of nonacademic S/E employment in this field. Similarty, the naw projections
have reduced the imbalance in engineering from 29 percentto 19 percent, again
primarily because of estimated higher future employment outside of universities
and colleges. In the mathematica!l sciences, projected 1987 supply and S/E utifi-
zation are both 6.000 above the earlier estimates for 1985. This change has the

effect of lowering the projected non-S/E utilization from 27 percent to 21 percent.

The outlook for the physical sciences has not changed appreciably between the
two reports, whereas a faster projected rate of growth in supply in the life sciences
has raised the estimated level of imbalance from 8 percent for 1985 to 16 percent
for 1987. ~

Doctoral Awards

Much higher projected rates of graduate school compietion are the chief factor
causang the current projection of 1985 male physical sciences doctoral awards to
be more than double the projected value in the previous report (table A-2).? The

~—
-

Frank J Aleisex and bene L Gomberg New Fuil-Teme Facudy 1976 77 Mmng Paierns by Feid and Edu
cahonai Aftanment - Wastungton 0 C Amencan Council on Educaton 1978
 Nuttonal Acagemy of Scrences Doctoral Scienfists and Engwneers in 1he United States. 1975 and 1977 Praties
{Wastungton D C 20418
The earher report projected only up To 1985 50 thes v 4be 188t yeat 10 which the Current proections can be
compated

¥

earfier report assumed that the downward trend in completion rates observed
when the report was prepared would continue, whereas this report links comple-
tion to conditions in the market for doctoral physical scientists. Because this mar-
ket is now expected to become more favorable for future graduates because of
projected increases in industrial R&D expenditures, completion rates are projected
to rise well above thoss in the preceding projections. The estimated future values,
however, are within the range of historical rates of compietion. The projected 1985
totais for female physical sciences doctorates have risen from 200 to 600 because
new data chow that more women are eamning baccalaureates in this field and

- because, as was the case for men, completion rates are projected to be well above

those in the earlier report. (As explained in the next section of this appendix, the
mgmmmmmmmeomasmmmw
variable affecting SEEK. f it had been possible to include junior faculty openings
as an additional demand variable, it is probabie that the market projections would
have indicated poorer job opportunities. As a result, projections of doctoral de-

" grees in the physical sciences would have been moderately lower.)

Factors anatogous to those cited above for the physical sciences aiso help to
expiain why projections of engineering doctoral awards in 1985 are now 60 per-
cent higher than " the previous report. in addition, the projected proportions of
male engineering baccalaureates entering graduate school have risen over the
values used in the previous report because of the link between entrance rates and
SEEK, which for engineers is affected by industrial R&D expenditures.* -

For both men and women in the life sciences, where SEEK depends on junior
faculty openings, projections of graduate school enroliment and completion rates
have changed littie compared to the previous report. Since the latter was prepared,
however, the numbers of batcalaureates eamed by each sex have accelerated
above their iong-term growth rates, leading to higher projections of future bacca-
laureates in this field and, consequently, to projections of doctorates in 1985 that
are 22 percent higher than in Degrees and Enroliment.

* The projected 1985 tolal of male engineenng doctorates 1 about 100 Mo e than the number in the 1972 class.
whareas women recewved onfy 74 doctoral awards in 1977
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2. Market Analysis .
This part describes the econometric analysis used in these projections in
more detail than was given in the text.

A Market Index

The model used to project S/E doctoral awards reflects the evidence that
students considering eaming Ph.D.'s are responsive to market conditions.® This
meant that some index of doctoral employment opportunities, available on a reg-
ular basis, was required. This index should link, via equations with acceptable
statistical properties, supply and demand variables with graduate school enroli-
ment and completion rates. Such equations would help explain historical variations
in entrance and completion rates and could be used to project their future values.

The model used to project doctoral awards is comprised of a set of three equations -

for each S E field and tor each sex.® These equations have the following general
form

Matke! index &, + b, Supply vanable + b, Demand vanabile
Encofiment rates &, + b, ~ Market index

Completion rates &, + b, Market ndex

where the a s are constant terms and the b's are coefficients.

A market index for this model was found in the annual NSF-sponsored Survey
of Earned Doctlorates which reports the percentage, by field, of individuals who are
about to recewe doctorates and who are seeking. but have not found a definite
position at the time they respond to the survey. This index is called SEEK.’

Table A-3 presents the results of regression analyses in which SEEK is the
dependent vanable. In the equations for the mathematical, lite, and social sci-
ences, SEEK s related to the number of doctorates awarded in each field, GRAD

.(a supply vanable). and to junior faculty openings. OPEN (a demand variable).

Choice of OPEN to represent demand re? ects the large majorities of the work
torce in these three broad fields who are employed in academia.® Allan Cartter's
estimates of jumior facuitv openings for all fields combined provide vaiues for
OPEN for each year from 1960 to 1975.2 (NSF projections of openings by broad
field wer ~ used in projecting values of SEEK after adjusting for the difference in
scale between the Cartter and NSF series.)

Goe Hichard B Froeman The Overeducated Amercan New York Academc Press 1976
© Ervoiiment and compieton rates are measured by freki and sex whereas the same matket index. SEEK s used
ta Goth sexes fur o given held
The values of SEEK used n the regressions come rom specal tabulations which cover 1960 thiough 1975
NSF .« ngebted to Richard Freeman for supplying this snformation
"in 1977 &7 petcemnt in the mathematical sciences, 61 percent in the e sciences. and 64 poercert in the socl
cences Natonal Suence Foundation Deladed Statstical Tables Charactenstics of Doctorai Scentists and Eng:-
nesrs in the United States 1977 (NSF 79-306) (Wastungiton, DC 20550
Anan Cartter Ph ) s and the Acadermc Labor Marke! 1976.p 143

Table A-3. SEEX by field
=3p-
Durbin-
Re gression equation Watson Regression
Fieid ' R statistic technique
. PO .S U | . .
\fhysicd SEEK 77.2 + 003 GRAD 09 R&D '
sciences ... @R3) (20 (-39 95 1.5 Coctwane-Orcutt
Engineerng .. | SEEK - 4.28 + 007-GRAD- 09-R&D | .96 2.1 | Ordinary
(7.2) (16.9) (8.6) feast squares
Mathematical SEEK -~ 3.7 +.012 GRAD- .21-OPEN
sclences’ . .. . (L (5.1 (-23) 76 4 Ordinary
least squares
Lite SEEK 4.1 + 002 -GRAD- .12-OPFEN
SCIINCes . .. (2.6) 68 (-33) 88 14 Ordinary
: least squares
Social SEEK - 4.3 + 001-GRAD- .10-OPEN
sciences . . . (3.3) 62 (29 86 8 | Orcnary
loast squares

Note SEEK. a percentage. nsnmedsemudyhmmwm The penad of analysis 1s from 1960 40
1975
Numbers m parentheses refer to values of i-slatisics

For the remaining two broad fields, engineering and the physical sciences,
the demand variable used is industrial R&D expenditures by field. The use of R&D
expenditures is in accordance with the important role of.industry as an employer
of graduates in these fields.’* Historical values for this vanatie "R&D" for 1960
to 1975 were approximated by a transformation of R&D expenditures by major
industry group.'' ideally, both OPEN and R&D would be used in each equation to
describe demand forces influencing each of the tive markets. Unfortunately, it was
not possible to use both demand variables in the same equation because they are
collinear, i.e., their past values vary together.

In time series regressions, ihe error terms (the differences between values
predicted by the estimating equations and actual past values) for adjacent obser-
vations are often related. Such an undesirabie statistical property—serial correla-
tion of error terms—renders the regression results less reliable than they would

“ industry 1s the largest employer of doctoral engmneers. with about 49 pevcent of the 1977 work force  industry
employed 35 percent of doctoral pl.ysical screniists in thal year as comparaed 10 44 percent employed by academsa
wncluding postloctoraies) Ressarch and development was used in both cases as the demand vanabla. however.
because ¢ explained more past vanation n SEEK and had more coefhicients of stalistcal sigrvhcance in equations for
anginesnng and the physical scences than dd OPEN This may have been because of the poor data avadable on
furnor lacuity opemngs

"~ Tius wias done by multiplying the vectors of annudl RAD expenditures by mayr xdustry group by the 1973
percantag  sstnbution matr of doctoral RAD screniists and enginesrs by fisid and magr induslry
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-otherwise be. The presence of serial.correlation, indicated by critical vaiues of the
Durbin-Watson statistic, was a problem in the physical, mathematical, and social
sciences. For the first of these fields a Cochrane-Orcutt transformation of the vari-
ables efiminated the serial correlation. Such a transformation was unsuccessful in
the other two cases so the serial correlation remains for the mathematical and
social sciences. -

The numbers in parentheses in table A-3 refer to the t-statistics which indicate
that all the constants and variable coefficients are significant at .05 or better except
the constant term for mathematical sciences. The results are very good in the
physical and life sciences and engineering. Even in the mathematical sciences,
where the statistical results are the , the equation should be an acceptable
indicator of the influence of supply and demand variables on SEEK.

Graduate School Entry

The first stage in the projection model which is affected by the market involves
decisions to enter graduate school. The equations below relate ENROLL, the pro-
portion of baccalaureates by sex and broad field who enter graduate schoo), to
SEEK in ihat field and varying combinatio: s of other variables.? The latter consist
of TIME—the trend variable, BACC—the number of baccalaureates for a field and
a single sex, TOTBAC—the total numbers of baccalaureates in a field for both
sexes, and DRAFT—the number of men conscripted for military duty. Variables
relating to bachelor's degrees were included on the basis of the assumption that
the proportion of baccalaureates entering graduate school falls as the total number
of baccalaureate degrees rises. The variable DRAFT was included because of the
possibility that many men entered graduate school in the sixties to avoid conscrip-
tlon. The analysis covered periods 14 to 18 years in length ending in the school
year 1974-75, the number depending upon which sex and fieid the equation de-
scribes. The values of the dependent variable ENROLL were estimated by dividing
NSF estimates of the number of first-time graduate students'® by numbers of bac-
calaureates in a given year. In deriving the historical values of ENROLL, adjust-
ments were made reflecting the past patterns by which baccalaureates have de-
layed enroliment in graduate school.'

The regression results of the historical data are summarized in table A-4. All
but 3 of 26 regression coefficients are significant at .05 or be.ter. The coefficient
*for SEEK for female physical scientists is just below statistical significance of .10,
and coefficients for two other variables, DRAFT in the equation for male mathe-
matical sciences baccalaureates and BACC for female life sciences baccalau-

b

'* Different specificatrons of the equatons for each sex-held were tested Those spechications 1 tabie A-3 were
chasen bacause they had the best statistcal properties for purposes of projections  These propertes were as {ollows
{11 Peccant of past vanation in the dependent vaniable explamed (R¥). (2) statistical signiticance of the coethcients
and. (3) when possiie. absence of correlation of eror tarms

" The Natonal Center for Education Statishcs reports frst-year graduate students which 1s a broader category
than firs{-twme students .

* For exampie. NSF sstimates that 50 percent of engineers who ever go inio graduate school do 60 i the same

ysar 0 which they earned they baccalaureates 20 perceni go so 1n the followsng year. and 50 forth  These same

adustments for deigys in enr~mant are incorporated n the projaction of awards

67

reates, ara significant at .10. Serial correlation of error terms is indicated for the
male physical and mathematical sciences equations. Despite the presence of se-

- rial correlation, the resuits of ordinary least squares regressions are used in cases

variables, i.e., their i either became insignificant or took on the wrong
sign.BecauseotmeverysnmﬂnumbefsoHemalqengimemgmduaunginme
past, analysis of market effects on their enroliment behavior is exciuded from this
M.mpwmass«mmleengmmmmemarkeﬁnmesame/
way as their male counterparts. )

TMM.WGM&MM
who ever enter graduate schoo! by fleld and sex

Durbin-
Field Regression equation R | statistic techni
Physical
Men .. .. |ENROLL 91.0 - .63-SEEK - 1.87 TIME a2 1.2 | Cochrane-Orcutt
(8.5 (-18) (-2.2) ’
Women . |ENROLL -98.3 - .51-SEEK - .01 BACC 88 23 | Cochrane-Orcutt
' (17.3) (1 1.3) ( 22
Engineers: i
Men ... .. ENROLL 79.9 - 85 SEEK - 00056 TOTBAC | 85 13 Coctrane-Orcutt
8.1 ( 33) { 2.0
Mathematical
sciantists.:
Men ... .. ENROLL - 46.5 - .51 -SEEK +.000007 -DRAFT | 87 11 Ordinary
{32.0) (-59 {1.4) least squares
Women . |ENROLL 195 58 -SEEK + .87 TIME 63 14 Orchnary
{(17.2) { 4.2y {4.2) - least squaras
Lfe
scientists:
Men .. |ENROLL 427 - 1.01-SEEK .79 14 Cochrane-Orcutt
(11.2) (27
Women |ENROLL 31.3 .97 SEEK  .0005 BACC 871 19 | Orchnary
(404) ( 6.8) { 1.8 least squares
+1.31 TIME
{4.9)
Social
scientists ]
Men ..... ENROLL 477 - .62 SEEK 0003 BACC 97 7 Ordinary
- 49.9) ( 28 ( 99 I8ast squares
‘Nomen . |ENROLL 246 .70 SEEK 90 17 Cochrane-Orcutt
(116} ( 31
Note Numbers in parentheses refer to values of I-stathsics
Source Natonal Scence foundaton
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Graduate School Completion

The second point of market influence in the projection model comes when the
graduate student decides whether to eam a doctorate. For the projections it is
assumed that this occurs two years after entry into graduate school. This length of
time would allow most students to finish master's-degree programs and, hence,
would provide a lcgical point for deciding whether to continue graduate study. In
table A-5 are the results of regressions relating. FINISH, the NSF estimates of the
propartion of firs-time graduate students in a given year who eam a doctorate, to
the value of SEEK2, the market index two years after those students begin grad-
uate study. For each equation there were 14 or 15 observations covering the pe-
rioa ending in the 1969-70 school year.” As in the case of the analysis of EN-
RO L there have been too few female engineering graduate students to allow
analysis of the effect of the market on their behavior so it is assumed for projection
purposes that they have the same market responses as men have. Regression
analysis found ihat for women who are engaged in graduate study in the social
se.ences FINISH is not related to SEEK2. For the projections it is therefore as-
sumed that the same proportion of women will complete graduate school in this
field as have done so in the last 10 years of estimates.

In the completion equations all coefficients are significant at .025 or better.
After Cochrane-Orcutt transformations of the variables in all the equations. the
Durbin-Watson statistic indicates possible serial correlation of error terms for the
equations concerning male graduate students in engineering and the social sci-
ences.

Steps in the Projection of S/E Doctoral Degrees

The relationship between the supply of new doctorates in a given year and
demand factors' determines the value of the market index SEEK for that year. As
explained below. SEEK in turn affects the proportion of recent baccalaureates who
go to graduate school. This relation i1s negative: as SEEK rises, smaller percent-
ages of baccalaureates in a field enter graduate school. SEEK also negatively
influences the proportion of graduate school entrants who earn doctorates.

The degree projections are produ. 2d two years at a ime by estimating values
of SEEK. ENROLL. and FINISH for years after the end of the historical time series
of these vanables. In more detail. values for SEEK are calculated for two initial
years (t and t - 1) by relating demand and supply variables for a broad field with
the appropnate equation from table A-3. These values of SEEK are used in the
equations in tables A-4 and A-5 to denive the estimated percents of baccalaureate
recipients in those two years who cver enter graduate school (1.e.. the values of
ENROLL for baccalaureates in years t and t - 1) and the estimated percents of
graduate enrollees one and two years earher who ever earn doctorates (1.e.. the

This 1 the tast «unirt of begumng gledudte students from which a suticiently large tracton had obtaned
doctorates by 1976 10 atiow ¢ ald alation of completon ates
* The twir demand varadies dre exogenous 10 this model e ther values are v, attertead by the number of
goctorates that dres jroecied
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values of FINISH for graduate students entering in years t—1 and t-2). in the
mode! Ph.D. graduates from a given entering class eam degrees over a 10-year
period beginning four years after entry.'” Therefore, the first doctorates from the
entering class of year t-2 graduate in year t+2 and from t-1 in t+3. With esti-
mates of graduates in t+2 and t+3, values of SEEK in those two years are com-
puted. The projections continue in this recursive manner, two years at a time, unti
degrees for 1987 are produced. Although this approach admittedly represents a
simplification of actual market processes, data constraints prevented development
of a more complex approach that would more fully refiect the market.

"Tmmnundmsmmmww@mummmmmwcmnmm )
on the fength of doctoral study The simpisfying assumption that afl doctorates are aamed between 4 and 14 years
mmmmmmm.mwsrs—n.tmnwe.myaapmmaussmc-
mtmesmem@nMMMmmNWWO7wmﬂmMmmnMyears.
(Unpubkshed data from the Survey of Eamed Doctorates)

Tabie A-5. Percent of science/engineering graduate
students who ever attain doctorates

g

Durtnn-
Watson Regression
Freld Regression equation R statistic technique
Physical
screntists.
Men .. | FINISH 457 83 SEEK2 90 14 | Cochrane-Orcutt
J (171 ( 40
Women . | FINISH 385 56 SEEK2 86 14 Cochiane-0Orcutt
310 ( 49
Engineers
Men . .. | FINISH 274 74 SEEK2 91 11 Cochrane-Qrcutt
227y « 69
Mathematical
scientists )
Men FINISH 294 93 SEEKZ2 3 18 Coctwane-Orcutt
229 ( 74)
Women FINISH 100 29 SEEKZ 91 21 Cochrane-Orcutt
99 ( 34
Life
scientists
Men ] FINISH 524 166 SEEK2 84 16 Cochrane-Orcutt
184y ( 51y
Women FINISH 383 91 SEEKZ2 79 16 Cochrane-Orcutt
127 1 29
al
screntists
Men FINISH 402 107 SEEK2 78 12 Cochrane-Qrcutt
(137) ( 286)
Women No evidence of marke! rasponsiveness

Note Numbers 11 parenthases refer (0 1-stalistics
Source National Scence Foundation
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A Test of the Degree Projection Model

As a test of the usefulness of the projection approach described in this appen-
“ dix, “ex post facto” projections of doctoral degrees were made for men for
1967-76. This was done by using in the equations presented eartier the actual
values of SEEK to “predict” what graduate school entrance and completion rates
wouid have been in those years for each of the five S/E fields according to the
behavioral relationships described ‘ . those equations. Estimates were then made
of how many degrees would have been awarded with those predicted values of
entrance and completion rates. The results differed from actudl awards over the
10-year period by standard errors of 7 percent or less.

Analysis of Starting Salaries for Doctoral Scientists and Engineers

Starting salaries for S/E doctorates were evaluated as possible masket indi-
cators for the projections before SEEK was chosen as the market index. Regres-
sions showed that starting salaries could serve as market indices only for engi-
neering and chemistry (which represents only one component of the physical
sciences). To maintain a consistent approach and for statistical convenience
SEEK was used as an index of market conditions for supply projections in all fields.

Starting salaries for inexperienced workers are a commonly used measure of
the relation between supply and demand in"a labor market. Salary data are avail-
able from the College Placement Council and professional associations for new
doctorates in engineering, mathematics, chemistry, and physics. One equation
below (table A-6) relates starting salaries, SALARY, for doctoral engineers to
GRAD and R&D (described in the analysis of SEEK) and SALBA, starting salaries
for baccalaureate engineers. SALBA appears on the bas:s of the hypothesis that
movements in baccalaureate and doctoral salaries may e highly cormrelated. The
other equation relates starting salaries to research and development as well as
values of the dependent variable, SAL2, and the supply variable, GRAD2, each
lagged one period. Another variable used in this equation is TIME, which takes a
value equal to the number of the observation. This variable is included to account
for any trend-related factors not included in the equations. The final forms of the
two equations were chosen after testing several different specifications to deter-
mine which had the most favorable statistical properties. (See footnote 10 in this
appendix for a discussion of these groperties.)

Each equation explains nearly all the variation in doctoral salaries, as is re-
flected in the high-R?'s, and all of the regression coefficients are highly significant,
as shown by the t-statistics in parentheses. The Durbin-Watson statistic indicates
that senal correlation of error terms may remain in the equation relating to starting
salaries for doctoral chemists after a Cochrane-Orcutt transformation of variables.
There are 16 observations for chemists' salaries (1960-75) and 22 for engi-
neers salaries (1954-75). Similar analysis for physicists and mathematicians
produced very low R?'s or coefficients which lacked significance or were of the

wrong sign.
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Durbin-
- Watson Regression
Doctorats Regression equation i R statistic | technique
Chemists .. ... SALARY = -208.6 + 241-A8D 99 29 Coclwane-
(-52) (8.9 Orautt
-.12-GRAD2 + .53-SAL2
(-8.1) @.6)
~16.21-TIME
(-4.7)
Engineers .... | SALARY = -7325.0 + 1.57-SALBA .96 26 Cachrane-
(-43) (88 Orcutt
.+20.2%6-RAD - 1.12-GRAD
(59) (-10.1)

Source: American Chemecal Society, College Placement Counce, and Nationel Scence Foundation
Note: Numbers ;1 parentheses refer 10 tSIabsiCs.

Utilization of S /E Doctorates
Academia

This section expands the text discussion of the projection methods used for
the largest category of utilization of S/E doctorates. academia. The next section
discusses industrial R&D employment.

For each broad field, regression analysis related the number of full-time aca-
demic staft, including nondoctorates, in January of a given year to the independerit
variables listed below.

BACC—the total number of baccalaureates awarded m a single broad held

BACC (1)}—the total number of baccalaureates awarded m all S E heids except the social sciences
BACC (2)—the totat number of baccalaureates awarded m all S'E frelds
PHD—the total number of Ph.D.’s awarded i a single broad field

TIME —a trend vanable equal to the number of the observation {e.g . one for the hrst cbservation)
BACC. TIME--the variable BACC dwided oy the trend vanable

BACC(1) TIME—the variable BACC(1) divided by the trend vanable

BACC(2) TIME—the vanable BACC(2) divided by the trend vanable.

There were eight observations for the period 1965 to 1976. Different equation
specifications were tested to determine which variables best explained past vari-
ation in academic employment. Those specifications which seem most consistent
with what is known about the types of courses taken by students in different fields
and those which had the best statistical properties appear in fabie A-7."® For each

** See footnote 10 n s appandix Ordnary teast squares were used 0 ali cases because Cochrane-Orcunt
transformalons corfect for correlatron between error terms in adyacend cbservations i observatons are separated by
gaps of unequal length. as in thes case. these ansformatons are not possiie

7r
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Table A-7. Employment of sclence/engineering faculty
Variables . w0
S o e — e — Durbin-
BACC! {| BACC(1Y | BACC(2Y Watson
Constant BACC ’scccm BACC(2) | PHD TIME | TIME] TIME i TIME " statistic
22,941 0.052 " 312 - 0.056 99 28
(7.7 2.1) (2.6) (-75)
4,249 186 82 27
(1.3) (8.4)
12,772 0.070 i: < 21
(6.1) (8.8)
25415 920 a1s .~0.038 99 24
(14.0) (2.4) (3.0) (-6.9)
22,593 0.316 470 | --0.330 K- ) 25
{8.0) (2.6) 83) | (-8
17.799 130 124 86 20
8.7) (28 (-7.5)
10.963 077 .78 23
4.6) 4.6)
14.260 030 .83 23
(9.9) (5.4)
19.715 024 . .039 04 19
(6.8) (1.3) (-3.5)
20,223 012 - 024 94 19
(9.6) 0N { 3.2)
1.099 080 96 13
{ .6) (11.8)
10.867 210 97 25
( 49 (137
5.079 154 205 98 20
9 2.9 {119
- 3.282 050 409 97 15
(1.1 (2.8 (1.7)
6.838 246 92 25
(16) 8.3)
18.346 . 090 91 16
{5.8) . {7.6)
8.029 21 0.981 92 21
(1.5) (24 { 4) .
18.174 085 490 K1) 15
{5.1} (2.0} { .2)
18.788 193 3.160 .98 26
(10 6) 57 (4.6)
12.279 137 85 14
(20 59
22786 216 84 8
49 {55

Note Numbers in parenthases are {-stahstics
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field the equation listed first was used to project total staff, except in the social
sciences.' In the physical and life scie ces, specifications using BACCS(1) (ali S/
E baccalaureates less the social sciences) were chosen for the projection equa-
tions to reflect the service function performed by facully in these two fields for
students majoring in other S/E fields. (it is assumed that social sciences under-
graduates do not take natural sciences courses as frequently as do other S/E
students.) BACC(2) (ali S/E baccalaureates) appears in the projection eqi:=tions
for the mathematical sciences on the basis of the assumption that faculty in this
field instruct all S/E undergraduates. On the other hand, few nonengineering stu-
dents enroll in engineering courses so BACC (in this case baccalaureates in en-
gineering only) was the independent variable in the projection equation. In this
field as well as in the physical sciences, trend variables were aiso used. The text
describes how projections of regular staff with doctorates were derived from these
projections of total staff (p. 12).

mmnm:woev«w

Projections of doctoral emp.oyment were based upon historical relationships
between total S/E staff, EMPLOY, and expenditures by major industrial groups,®™
RA&D, as astimated by linear regression ai:alyses of the annual data for the period
1958-76. Results are summarized in table A-8. The trend variable, TIME, ap-
pears in the three equations where its coefficient was statistically significant. All
coefficients are statistically significant at .05, except the constant term for electrical
equipment.

Future staffing was estimated with these equations and projected growth rates
for R&D expenditures by industry presented in 71985 R&D Funding Projections.®'
The projected employment {or the seven industry groups were summed and mu!-
tiplied by 1.16 to impute the smaller industries not included in the r ions.??
The text describes how projections of doctoral staff by field were derived from
these estimates of total future staff (p. 13).

"~ As explgined n the text (p 12) the projectons assume that full-time social sciences faculty. INChuing NooC:
forates. wifl be constant Hwoughout the projescton period

# Natonai Scence Foundaton. Research and Devedopment m industry. anmual senes (Washington, D C
20402 Supt. of Documents. U.S. Government Printing Offics )

 Mational Scence Foundatrior 1885 R&D Funding Projechons (INSF 76- 314) {Wastungton. D C 20402 Supt
of Documents. US Government Printing Office )

¥ The excluded mausiries empioyed 16 percend 85 many screnbists and engineers & RED actvihies as oid tHe
industres inciuded in the regressions in 1876 The excliuded ndusines were 100d. texties. tumber. paper. petroleum,
rubber. sione. prima-y metals. fabncated metals and nonmenutacturng
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Table A-8. Employment of scientists and enginsers

_ in Industrial ressarch and development

Dintin-
Regression Wateon Regression
Industry . equaton R statistic technique

Cheniicals and alied | EMPLOY - 239 + 006-R&D .88 1.5 Ordinary

products .. ...... 64) (2.1) leas! squares
+.347 TIME
(2.35)

Professional EMPLOY - 50 + .013- R&D 92 16 Ordinary
and scientific 84) (139 least squares
matruments ... ...

Asrcraft and EMPLOY - 5.7 + 013-R&D 87 1.5 Ordinary
missiles ... ... .. {(1.68) (21.9) loast squares

+.207 -TIME
2.8)
Machinery .. EMPLOY - 120 + 014-RD a1 16 Cochrane-
(1.8) (38 Orcutt

Electncal equipms EMPLOY  -125 + .023-R&D B84 8 Cochrane
& communication . . (-1.2) (9.3) Orcutt

Motor vehicles & EMPLOY 224 + 003-R8D 86 20 Cochrane-
motor vehicle {6.0) (1.7} O-cult

Nonmanulactung EMPLOY 11+ 014 RAD 96 1.5 Ordhnary

(16 (79 loast
+.239 TIME squares
. (3.6
tiote Numbers nh parentheses releY 1o {-slatistics
Source Natonal Soence Foundaton
31
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3. Comparison of NSF and BLS Projections
Projections by the Buread of Labor Statistics (BLS) of the supply and utiliza-

. tion of doctoral scientists and engineers® largely agree with estimates presented

by the National Science Foundation (NSF) in this report. The respective projec-
tions are close in spite of differences in the concepts and techniques used by the
two agencies.

NSF and BLS agree on the overall balance between supply and utilization as
well as on the possibility of growing imbalances in the four broad fields of science.
More specifically, the two differ by only a few thousand on both the futuz supply
and utilization of doctoral physical scientists and mathematicians. Also NSF and
BLS agree closely on future utilization in the life-and social sciences, but BLS
projects about 15,000 more doctoral life scientists and about 5,000 more soctal
science dcoctorate-holders. Only for engineering do the two sets of projections dif-
fer on the future nature of the labor market. BLS foresees a small shortage of
doctoral engineers, whereas NSF estimates that about 15,000 of this group will
hod non- S/E positions in 1987.

Most of the divergence between the two agencies on the outlook for engl—
neering and almost all of the differences on the extent of the future imbalances in
the life and social sciences can be traced to how NSF and BLS account for future
additions to supply. The National Center for Education Statistics (NCES) provides
the degree projections used by BLS.?* NCES derives its estimates of future de-
grees from extrapolation of trends in (1) thé ratios of total doctoral awards to the
college-age population and (2) the ratios of degrees in a field to total doctorates.
Examination of NCES projections reveals that future degree totals generally differ
not only in magnitude but also in direction of change from those generated by the

_ NSF model. These divergences highlight the roles in the recursive NSF model of

(1) teedback trom the market to the number of doctorate graduates and (2) expec-
tations concerning demand factors.

The tairly close agreement in regard to future utmzatvon in the four science
fields occurs in spite of differences in how the two agencies approach this ques-
tion. In contrast 1o NSF, which estimates the number of S/E positions available in
1982 and 1987. BLS projects to 1985 “traditional” employment for doctorates.
Such utilization is defined in terms of the propoitic.s of the labor force in a field
that were comprised of Ph.D.'s in a past period when doctoral supply and utiliza-
tion were assumed !0 have been in balance. An estimate of “traditional” doctoral
employment in 1985 is derived by first extrapolating 1966-70 trends in the pro-
portional representation of doctorates in 4 field. The extrapolated fraction for 1985
1s multiplied by the BLS projection of total 1985 labor requirements in that tield to
obtain the number of traditional jobs for Ph.D.’s.

# Douglas Bvaddock.  The Qversupply of Ph D s to Continue Through 1985  Monthiy Labor Review. Oclober
1978. p 48 50

» Naponal Certer for Educaton Statistics NCES Proechions of Educatron Sististcs 1o 198586, NCES 77
402 (Washington D C )

o
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4, Components of Fieﬁds of Science
Physical sclences: Includes chemistry, earth science, physics, geology, meteor-
ology, astronomy, metaflurgy, geophysics, pharmaceutical chemistry.
Engineering: Includes aeronautical, architectural, biomedical, ceramic, chemical,
civil, electrical, engineering sciences, environmental health engineering, gediogi-
cal, industrial, mechanical, mining, nuclear, petroleum, and all other forms of en-
Mathematical sclences: Includes mathematics, statistics, compute( sciences,
data processing, systems analysis, and all related fieids.
Life sciences: Includes agriculture (except agricultural economics), forestry, bi-
ology. botany, zoology. ecology, embryology. entomology, genetics, nutrition,
plant pathology. plant physiology, anatomy, biochemislry, biophysics, microbiol-
ogy. pathology. pharmacology. physiology, and related fields.
Social sciences: Includes agricultural economics, geography, econometrics, an-

thropology. archeology, economics, linguistics, sociology, government (political
science), demography, and psychology. (Does not include history, education, so-
cial work, public administration, or other applied fields.)

Nonscience: All other fields.
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