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foreword

Academic science is the product of many factors; consequently, explanation
of the behavior of the academic science system is not simple and the apparent
relationship of factors may, at first glance, be baffling. One of such cases is the
main topic of this report, namely, the continued increase in the number of
academically employed scientists and engineers in the face of financial constraints.
Questions which are addressed include: What were the characteristics of the
science and engineering (S/E) growth in academe? Why did institutions continue
to increase S/E employment in light of pending demographic shifts in the college-age
population? What might be some of the consequences of these growth patterns?
The analyses presented are based on data from the National Science Foundation's
academic science surveys and extensive interviews of university officials at 23
institutions. It is hoped that the picture that has emerged from these studies will
provide a better understanding of academic employment practices and will be
useful 1o both the institutions.and the Federal Government in shaping future
decisions. -

Charles E. Falk 4

Director, Division of Science
Resources Studics

Directorate for Scientific, Technological,
and International Affairs

July 1980



O

ERIC

Aruitoxt provided by Eic:

notes

Lo
The primary data sources used in this reportare from three annual surveys of
academic institutions condncted by NSF that concern S/E professionals, R&D
expenditures, and graduate S/E students and postdoctorates.

For a more detailed description of the institutional sample design and selection,
see the technical notes at the end of this report.

For information on the availability of data tapes, contact Moshman Associates,
Inc., 6400 Goldshoro Road, Washington, D.C. 20034, or telephone 301-229-3000.
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highlights

trends

* Recentincreases in academic employment of S/E
professionals. averaging around 3 percent annually, have
been concentrated in doctoratg-granting universities. These
universities accounted for almost two-thirds of the net growth
in academic scientists and enginecrs during 1973-78.

* Infieldinterviews the reason most prominently mentioned
by institutional officials for the growth of S/E prolessionals
was increased research support. R&D expenditures at
doctorate-granting institutions rose by more than 57 percent
during 1973-78. or by more than 9 percent in real terms:
federally funded R&D activities at these institutions increased
by 4 percent in real dollars. As a result of such growth in
R&D expenditures, full-lime-equivalent (FTE} involvement in
R&D activities by academic scientists and engineers increased
atdouble the rate of theirinvolvementin teaching and other
aclivities, - ’

e ocmployment of scientists and engineers grew faslesl. or
over 3 percenl annually, during 1973-78, in doctorate
institutions outside the “distinguished " category of Ladd-Lipset
rankings of 11.S. universilies. Most of the growth was
altributable to the institutions” augmenting their S/E staff in
attempls to achieve educational excellence by launching
new or improved graduate and research programs. Rates of
growth in Federal research funding to universities outside
the top 100 doctorate recipients (ranked by Federal R&D
support) exceeded by more than 50 percent those shown for
the top 10 universities, "

e For “distinguished™ research institutions the factors most
frequently mentioned behind S/E employment growth during
the seventies were (1) Absence of a need to hedge against
pending demographic shifts because of strong demand for
both undergraduate.and graduate education in the sciences
and engineering: and. (2) Confidence in the ability of the
institution to continue attracting Federal and other outside
support for research projects...

* Witlsrespect to hiring praclices, rescarch is plaving a
greater role in most institiutions ih-'th(: stlection of new S/E

ERIC |
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staff. Not only is research viewed as an activity providing
the primary means of upgrading the quality of instilutions
and departments, itis also anincreasingly important source

ol revenue. By 1978 rescarch comprised almost one-fifth of

total education and general income at universities. Selection
commiltees charged with recommending new S/E hires
increasingly select applicants with research experience.
Also, there is an increasing tendency to hire new scientists
and engineers on nontenure tracks. with renewal of short-term
contracts dependent on their ability to continue to attract
external supporl,

* Womenaccounted for almost one-third of the net 1974-78
growth in employment of full-time academic scientists and
engineers. Women scientists and engineers emploved full
time by doctorate-granting institutions increased by about
three times the rate of men during this period. However,
results of the field interviews confirmed the findings of
other recent studies that many of these women were hired
under shorl-term arrangements supported by research grants
and contracts. According to university officials interviewed,
this practice helped to achieve dual objectives—one relating to
alfirmative action and another tied to overall financial
solvency,

-future directions

¢ Officialsinterviewed.at the “distinguished” Ladd-Lipset
institutions expressed optimism about the future. They believe
that the projected decline in U.S. college enrollments will
have little, if any, effcct on their institutions because of a
continuing demand for educational quality by student
applicants, ,

* The most vulnerable institutions are those outside the
“distinguished” category that pushed to upgrade quality by
launching new resciarch and graduate programs. These same
institutions hired relatively large numbers of investigators
who existon “soft money™ from Federal agencies and other
outside sponsors. They are especially exposed to expected
future adversity resulting from shifting demographic patterns
impacting on the college-age population.
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iIntroduction

Most of the statistical analysis con-
tained in this report is based on special
tabulations of data on employment of
scientists and engineers, R&D expend-
itures, graduate science student enroll-
ment, and utilization of postdoctorates
in 271 institutions granting the doctoral
degree. Because data shown here are
limited to matched comparisons in these
institutions, they do not agree with
statistics contained in other National
Science Foundation (NSF) publications
covering various characteristics of
academic science in all universities and
colleges. .

The data have been supplemented
by interviews of academic officialsata
sample of 23 institutions. These 23
institutions accounted for 15 percent of
all academic S/E employment in 1978
and 18 percent of the net growth in all

scientists ‘and engineers in academe- .

during 1973-78. For the most part, the
institutions selected for interviews were

‘among the highest ranked in terms of

S/E employment growth in the seventies.

¢
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They are not statistically representative
of all universities and colleges in the
country since only lwo institutions with
S/E personnel declines during the study
period were in the sample. These two
were included to contrast with the others
where professional S/E employment
inereased.

The topics addressed in this report
center around the continual increases
in employment of academic scientists
and engincers even though numerous
studies claim that fiscal constraints exist
in much of the higher education sector.!

Far exwmples of such studies see: Fard Fouldation,
Research Unversities amd the Notonal Interists A
7(4-;10” from Fitteen University Presidents (New York,
1978 | LR Smith and Joseph | Karlesks he Uniersities
e the Nutions Hesearch Eflort(New Rochelle, NY
Change Magazine Press, 1977 3 David W, Breneman,
Graduute School Adptistments to the New Depresston in
Higher Education {Washington, D.C: National Academy
ol Sciences, Natonal Board on Graduate Education,
1975}

According 1o these studies. universities
are caught in a financial vise because
income from both public and private
sources has not been rising at sufficient
rates to balance costs which have been
escalating sharply because of several
factors, notably inflation.

During periods of financial adversity,
conventional economic wisdom calls for
reductions in employment. This would
seem to be particelarty true for univer-
sities and collegns where wages and
salaries comprise ihe Largest proportion
of total expenditures. For example, a
typical institution may expend about
three-fourths of its total current funds
for wages and saluries. Thus, thisstudy
was designed to identify factors that
would explain why academic adminis-
trators continued to hire additional
scientists and engineers when faced with
present conditions of financial adversity
and when higher education is entering
a period where enrollment declines may
make the fiscal future even more
uncertain,



overview

Although their numbers are relatively
small in relation to national totals,
academic scientists and engincers play
a special role in the performance of
hasic research and in the education and
training of future generations of scien-
tists and engineers, NMore than one-half
the Nation's basic research perform-
ance, as measured by expenditures, is
carried out by academic scientists and
engineers and nearly three-fifths of the
total, if universitv-administered fed-
erally funded rescarchand development
centers (FFRDGC's) are included. These
figures understate the actual amounts
spent on basic research in the academic
sector since work on activities carried

Chart 1. 'Employment of
sclentists and engineers in the
* United $tates' 1972 and 1978
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" Chart2. Sclentists and
' . engineers employed at.
unlversmea and eolleges
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out as departmenlal research cannot
be reliably measured because it is an
inextricable part of instructional
aceounts,

A total of 306,500 professional scien-
tists and engineers were employed in
(1.8, universities and colleges in 1978,
accounting for one of eight in all sectors
of the ecouumy. For the 6-year period
beginning in 1972, both academia and
industry slightly increased their shares
of the national total of 8/E employment
(chart 1).

Annual increases in professional S/E
employvment in all universities and
colleges averaged 3 percent during
1973-78. Although these growth rates
are half those occurring in the 1965-73
period, questions remain about how and
why institutions continued to augment
their professional S/E staffs. What
categories of institutions accounted for
recent growth in academic scientists

N

\

9

. Envlr,ohméntal
.sclentists

and engineers? Did these institutional
growth patterns reflect administrative
reaction to financial constraints revealed
in a number of studies?

As shown in chart 2, the total 1965-78
growth of academic S/E professionals
occurred primarily in doclorate-granting
institutions (63 percent). By comparison,
only 20 percent of the increase oceurred
in nonscience degree-granting institu-
tions, 14 percent in master’s institutions,
and just 3 percent in institutions granting
ouly the bachelor's degree.

Because doctorate-granting univer-
sities were dominant, growth rates for
all institutions are similar to those of
Ph.D.-granting universities. 'The largest
rates of growth were observed for
environmental scientists and mathe-
matical and computer scientists (chart 3).

All
institutions

“Doctorate-granting
ihoeiiitions




factors behind g
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-

rowthin

academic s/e professional
employment

Field interviews at 14 of the 23 sampled
institutions indicated that increases in
rescarch funds were primarily respon-
sible for mostof the increased employ-
ment of scientists and engineers. The

factors motivating the hiring of regular, -

tenure-track faculty at these institutions
were not necessarily the same ones
behind the hiring of scientists and
engineers employed from year to year
as researchers. For resnlar {acuity, the
level of curcilments was, in general,
the most important factor determining
hiring requirements. For researchers,
success in obtaining outside support was
most often cited as the major determin-
ing factor. While many institutions in
the sample were in the Ladd-Lipset
“distinguished™ category, there are
indications that this emphasis on re-
search is widespread among all doc-
torate-granting institutions, as the less
prestigious institutions strive to gain

4
Q

RIC

Aruitoxt provided by Eic:

Chart 4. R&D expenditures in
‘the sclences and engineeriag at
doctorate-granting universities
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reputations for academic excellence by
launching new research and graduate
programs and upgrading existing ones.
“Distinguished' institutions were
identified in a survey conducted by
Everett C. Ladd, Jr. and Seymour Martin
Lipset in which respondents were asked
"ootoname the five departments that
have the most distinguished faculties,”
in the order of their importance in 1977.
Distinguished institutions were con-
sideved in the Ladd-Lipset study as those
that were rated among the top five in
each discipline, including those classi-
fied as science and engineering, by at
least 10 percent of the respondents in
each of 19 fields.:

Data on academic R&D expenditures
support the observation of the inter-
i Ten of the 23 institations in the field interview: sample
wore classificd as “distinguished” ina study condncted

hy Everett Ladd and Seymour Lipset. See the Chronicle
of Higher Education, Jan, 13, 1979.

10



Chart 5. Scientists and
engineers empioyed at
doctorate-granting universities
by FTE* involvement in
R&D activities and teaching and
other.activities
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viewees on greater emphasis on rescarch
funding as a support mechanism for
S/E professionals. R&D expenditures
of doctorate-granting institutions in-
creased by maore than 57 percent during
1973-78, or more than 9 percent after
~djusting for inflation (chart 4). Federal
R&D funding at these insfitutions went
up 50 percentduring the 5-vear period,
ordpercentinrealterms. Asaresult of
this growth in R&D expenditures, the
number of FTE 8/E professionals
involved in academic R&D activities

in doctorate-granting institutions in-

creased attwice the rate (22 percent) of
those involved in teaching and other
ac ivities (1 percent) as shown in chart 5.

Another indicator of increasing R&1D
activity is growth in the number of
praduate research assistants at doc-
torate-granting institutions, up from an
estimated 37,200 in 1972 10 43,800 in 1977,

“anincrease of 18 percent (chart 6). The

number of teaching assistants increased
al a lesser rate- 10 percent over the
same period.

11

Chart 6. Graduate science/
engineoring énroiiment at
doctorate-granting universities
'by mechanisms of support®
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8Totais for 1972 and 1973 are estimates basedon NSF
survey data, as explainad in the tachnical.notes.

SOURCE: Nationai Sclence Founda!lon
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During the 1973-78 period Federal

acacemic R&D funding has grown at
higher rates in institutions outside the
top 100 recipients (chart 7). These
distribution patterns reflect national
policies for wider institutional and
geographic dispersion. Accordingly,

annual growth rates during 1973-78 in

Federa! R&D funds to doctorate-grant-
ing institutions outside the top 100
recipients were over 10 percent, tom-
pared with 7 percent for the tog 10
institutions and around 8 pereent for
all others in the top 100. '
Partly as a result of wider distribution

: ..-._Millions of dollars . ’
2,500 |-
{
l : .
5 18- TT 18
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perienced larger rates of growth during.._
1973-78--ichart- 8). - These~other” doc-
torate-granting institutioas e:.perienced
average annual growth rates for total
R&D (‘\chl(llllll(‘s oi 10 percent in
current dollars, compared with 9 percent

of Federal funds. research is being
utilized by some of the less prestigious
doctorate-granting institutions as a
vehicle to upgrade their reputations for
scholarly excellence. These institutions
reported average annual rates of growth

in S/E emplovmentduring 1973-78 that  for the "distinguished™ grouping. The
exceeded the rates of “distinguished™  higher growth rates of the “other”

category were driven by Federal funding
of R&D activities, which increased by
9 percent annnually daring 1973-78, in
comparison wiwa 8 percent in the
“distinguished instituticns. The total
number of graduate science students
in institutions in the “other™ category
‘erew al more than twice the rate of the
“distinguished™ institutions and ulili-
zation of research assistants and post-
doctorates gresy about three times
greater in “other™ institutions.

institutions (3 percent vs. 1 percent).
These institutions, along with their total
and federally funded R&D expenditures
are shown in table 1

The 33 “distingnished™ institutions
accounted for 44 percent of total aca-
demic R&D expenditures by doctorate-
granting institutions and slightly more
of total federally funded R&D supported
in academe in 1978, However. institu-
tions outside the “distinguished™ group-
ing (henceforth, called “other™) ex-

2 - -0 » B 1

. Charl 8. "Dlstlngulshed Instltuﬂons" compared with “othm"
. doctorato-grantlng institations: 1973 to 1978. ’

‘ 7 Average annual growfh rates g\@’,— -
G e Employmentef - — . . .-~ Graduate
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Table 1. Total and federally tinanced R&D expenditures at “d:stmgunshed“ )
institutions: FY 19781

- [Dolars inthousands)

Distinguished institutions ranked by total

R&D expenditures Total Federally tinanced

Total .................... $1,984,389 $1,364,445

1 MassInstofTechnology ..... U 119,620 102,131
2 UnivofWisconsin-Madison .................... C 107,939 ©68.870
3 UniversityofMinnesota . ......................... 94,706 53.265
4 Universityof Washington ©....c......5 .. 89.014 74,927
5 StanfordUniversity ........................ e 88,198 78,706
6 UniversityofMichigan ............... TR 86.886 58.436
7 HarvardUniversity .............................. 84,150E 63,687
‘8 CorneliUniversity ............................... 83,380 54,730
9 UnivotPennsylvania ............................ 76,493 52,399
10 ColumbiaUnivMainDiv.......................... 74,619 59.862

= —

v Total1st10Institutions ....:................... 905.005 667.013

11 Univillinois,Urbana ............................. 73,850 42,019
12 UofCallosAngeles, . ........................ L 72.279 57.991
13 UofCalBerkeley ................................ 70,307 49,791
14 JohnsHopkinsUniversity ........................ 59,594 25,123
15 TexasA&MUniversity ........................... 65.249 53.777
16 UniversityofChicago ............................ 58,105 44197
17 UofCalSanFrancisco ........................... 56,584 46,740
18 Michigan State University ........................ 55.438 24,539
9 YaleUniversity ................................ - 53,521 47,212
20 UOfCalDavis ..............cooeiiiiiiii 51,440 25.483
Total 1st20Institutions ..........,............. 1,621,372 ; 1,083,885

- i

21 OhioStateUniversity ............................ 50953 1\ 26,877
22 WashingtonUniversity ................... [, 48,256 \ 38,301
23 PurdueUnivAllCampuses ....................... 48,049 k 30.059
24 lowaStUofSci&Tech ........................... 39,947 12.884
25 Colorado StateUniversity ........................ 34,615 Y. 25,014
26 OregonStateUniversity .......................... 34,464 18.757
27 Rockefeller University .. ......................... 33,703 .. 15,432
28 DukeUniversity ... 33.491 28.264
29 NCStateUnivatRaleigh ............ IO 32,908 10:800
30 Upivoch atChapetHill ..................... S 29,277 23.194
Totat1st30Institutions ......................... 1.907,035 . 1,313,467

31 CalitorniainstofTech...................... S 28,433 24,985
32 UnivofNebraska- Lincoln ... 25,521 8.040
33 PrincetonUniversity ............................. 23.400 17.953

'Tnese “distinguished” inshitutions were identified 1n a survey conducted by EverettC Ladd. Jr and Seymour Martin Lipse!

NOTE "E” denoles estimated amount by NSF
SOURCE National Science Foundation

£



changing employment
chacteristics of
academic researchers
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/ There are indications, borne out by

Tangton, B,

E

the campus interviews and supported
by other studies, that emphasis on
sponsored research influences institu-
tional recruitment policies and practices.
For example, astudy carried out by the

National Research Couneil (NRC) found -

that large research-oriented universities
are expanding their utilization of
nonfaculty research personnel, es-
pecially physical and biological scien-
tists.' Included in this group are post-
doctoral appointees, doctoral research
staff, and other nonfaculty staff pri-
marily involved in research. NSF data
on poustdoctoral utilization eonfirm one
of these findings. Postdoctoral utilization
by doctorate-granting institutions in-
creased by 11 percent between 1972 and
1977 (chart 95. By 1977, the 19,700
postdoctoratesin these institutions
represented about one-tenth of the total
academic S/E professionals.

A recent study of nonfaculty research
staff found that, butween 1975 and 1977,
the numbers of academic employees

*atonal Research Council. Commission on Human
Resanrees, Nonfaculty Doctoral Research Staff in Scrence
und Engineering i United States Universities {Wash-
197H.)

Q
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. - Srotals for 1972 ind 1973 sré estim
. survey dats, as éxplained. ln the technicat nctes.
- SOUAGE: Nuijonal Sclence ndoﬂon'

in the selanm,and englneorlng

“at doctorate-grantlng
Instltutlons' e

-

lnthousands .” T
20 .

151 -1

Postdoctorates

ma nbuodon NSF

holding these rescarch staff positions
increased by 20 percent, roughly 2v2
times the faculty growth rate.' Another ©
related study reported that in 1977,
departments of medicine accounted for
40 percent of nonlenure-track personnel,
with chemistry (19 percent), biochem-
istry (13 percent), and biology {12
percent) also having relatively large
numbers.”

The ficld interviews showed that a
number of institutions are making .
academic appointments on a vear-to-
vear basis contlingent on the ability of
newly hired scientists and engineersto
bring in sponsored research funds.
Commitlees charged with recommend-
ing new hires among scientists and
engineers increasingly based their
selection crilerta on the applicant’s
ability to attract outside research
support. Renewal of short-terim contracts
of these researchers often depends on
their continuing abilily to attract external
support, : ‘

‘Ihid.

American Conmneil on B (Im.mun ‘Nontenure-Track
Science Personnel: Opportunities for Independent
Research,” Hhghrer Edutation Panel Reparts, No. 39,
Sept 1978, )
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women scientists
INnacademe

Allinstitutions in the field study had
affirmative action programs.-and in m st
cases these procedures were the o, iy

central attempt < control faculty hiring, _

There are indications from NSF data
that equity considerations are influ-
encing the numbers and characteristics

of newly employved academic S/E

prof(,.ssu)ndls. For example, female
scientists and engineers emploved full
time. although accounting for only 15
percent of full-time academic S/E
professionals. accounted for almost
one-third of the net growth in full-time
emplovment during 1974-78 and in-
creased almost three times as fast as
males (chart 10),

Women accounted for all of the net
growth in science faculty at the assistant
professor level in the top 50 universities,
ranked by Federal R&D obligations,
and for nearly one-half the increase at

Clare Ruse, Sally Menninger, and (i!lftlt) Nyvre. The
Studv of the Avademue Employment und Graduate
Fnrolhment Patterns and Urends of Wamen an Scienee
and FEngineering. conducted for NSF under yrants Nos.

SRS TH12705 and 716027 (Los Angeles, Calif . Evaluation
and Testing Institute, taTs)
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all othier institutions.” Evidence points
to the fact, moreover, that many women

are-being recruited into nonfaculty

research positions. Another study.
carried out under an NSF grant, con-
cluded that while the number of women
scientists and enginecrs(employed full
time increased rapidly in the seventies,
new female entrants tended te be in
nontenured positions and in a limited
number of scientific fields." Also, the
NRC study of nonfaculty doctoral
researchers cited previously found that
women were recruited for these posi-
tions in relatively-large numbers in the
fields of sychology, biosciences, and
the social sciences.” A related survey
of academe in 1977 revealed that about
one-fifth of nontenure-track faculty and
staff were women. '

National Research council, Committee un ﬂumun
Resvurces, Climbing the Acodemic Ladder: Doctoral
Women Scientists in Acodeme (Washington, D.C., 1979,

“Clire Bose, ot all, op. cit,

"National Research Council, Gommission an Human
Resoureces, Nonfaculiy Doctoral Hesearch Stoff in Seivnee
ond Engineering in United States UIniversities, op. il

“American Council on Edneation, op. cit,



toward the future

Questions have recently been raised
about the ability of academic institutions
to recruil scientists and engineers in
the face of rising cosls resulting from
inflation and reduced income caused

" by demographic shifls, Infulurc\cdrs

income from undergraduate tuifion, "the

most important determinant of [aculty
hiring, is expected to decline. The
Census Bureau estimates that 1979 will
be the peak vear for the number of
18-vear-olds in the ULS. population, the
age group impacting most heavily on
new entrants into higher education,
According to these estimaltes the number
of persons in the college-age groups is
expected to drop about 18 percent over
the 1979-86 period, and that factor is
expected to reduce the demand for
professional emplovment in academe.
Further evidence ol a possible reduction
in demand for academic seientists and
engineers by doctorate msllmlmns is
the slowdown betiveen 1975 and 1978
in the rate of growth 6f graduate S/E
ermollment as illustrated carlier in chart
6. The slower. steadier pace during this

period contrasts sharply with the’

expansion atmosphere of theé carly
seventies and has been traced to higher
tuition rates. a decline in the number
ol veterans enrolling in graduate pro-
grams, and an increase in job offers to
hachelor's-degree holders—factors thal
affected both science and nonscience
graduate programs. '

Burean of the Censas,
Projections of the Populationof the United States 1977
to 20007 Seres P25 Noo 7od (Washyngton, DG U8
Govermmnent Printing Office, July 1977
Sational Sevenee Foundation,
Studhes Highlights,
Do torate-Granting Insututions Leveled GH e 178
(NS T2 (Washnuton, 1Y 00 Noveanher 0, 19749 )

CUS Bepartment of Counimerce,

Scienee Hesourees

Cradaate Sopence Enrollment i
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19749 Rabert |

The concentrition of S/E professional
employment growth in doctorate-
granting institutions explains partially
why increases persist in light of expected
demographic probleims. A number of
recent studies,’ as well asinformation
obtained in the lield interviews, have
shown' that manyv of these doctorate-
granting inslitulinns ])il'rli(‘ulilrl\'
those considercd as “prestigious.”” are
less susceptible o the full impact of
declines in college enrollment than other
institutions of higher education. Top
administrators interviewed stated, with

- one exception, that the projected decline

in U.S. college enrollments should have
Little. if any. impact on total engoliments
at their institutions. Interviewees
believed that their institutions’ repu-
tations should draw sufficient under-
graduate and graduate applications in
the sciences and engineering to maintain
both tuition income and quality. The
elevated position which these “"presti-
gious” schocls oceupy is indicated by
the current acceptance rates for admis-
sion: all had many more student appli-
cants than they acceptedas exemplified
by one jastitution which currently
accepts only tof 35 applicants in 8/E
programs. Additionally, several insti-
tutions had alrcady. established éeilings
-on student enrollments in §/E areas
where future declines in student in-
terests are expected and, in the opinion

Research Fxcellence
Fhrough the Year2000 The lmportance of Maimtaining
o Flow of New Faculty aito Academge Besegeeh, A rr-p'nrl
with recommendanons of the Compuitee on Continaity
i Aadenme Research Peclormance (AW ashington. 1
Khitsaard, Fhe Dechne of the Best? An
vnadvses of the Helationship Betweey Decliming
Enioltments, Ph Dy Productions, qnd Regearch {Came
Mass Hlarvard University, May 1979

Notonal Research Chaneal,

hrrdge

_ .
of the interviewees, these enrollment
levels should be casily maintained.
These field interview findings werce
confirmed by a study coniducted by NRC,
undgr contract from NSF.V That study,
while recognizing that enrollment
growthis ending and demands for new
faculty are going to fall, concluded that:

“Expected declir es inenrollment
are one basis for predictions that
new hires in academic science and
- engineering will fall over the next
decade. Butitis doubtful that these
demographic effects will be feh
with as much forcetat the major
rescarch institutions, which tend
to have strong student markets
relative to the rest of higher
education. The major universities
have not in the past had on the
average as close a link henween
their faculty size and enrgllment
demographics as have other col-
leges and universities.”
Interms of institutional finances and’
their impact on the hiring of scientists
and ¢ n;,m(-('ls the dirccl tie that exists
between revenues and enrollment
makes it difticult to separate the two
hecause of the heavy reliance of many
schools on tuition income. Field inter-
views showed, moreover, that for many
institutions there is a considerable time
fag between the initial impacts of
financial adversity and forced reduc-
tions of scientists and engineers. Only
aneinstitution had vndergone a period
of financial problems significant enough
to require redhictions of 5/E employment
through attrition,

o
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When asked abont thie possibility of
loss of financial vitality resulting from
future downturns in enrolliment, uni-
versity officials observed that reduclions
in S/E faculty would onlv be resorted
to as alast step indicating a “crisis state”
in their institutions. Anyv budgetary
squeeze would first cause such pur-
chases as supplies to be cut. Then,
acyuisition of equipment replacement
for items made obsolete by technological
advances inight be postponed. Next,
technical, clerical, or administraiive
support stalf might be reduced. Only

ERIC

o

after these measures are taken to rechice
costs would regular Tacolty positions
be ant back. '
Nearly all of the top administrators
interviewed. especially those in “dis-

tinguished™ institntions, expressed con-
fidence that a high demand for educa-

tional quality by undergraduate and
graduate 8/7F students should continue
into the foresecable Tuture and that
because of this demand and the ensuing
arition income. a reduction in the
number of scientists and engincers
emploved in their nstitutions was nol

I
N

likely. Ower tacors helping to guarantee
adequate operating revennes were large
endowinents, the continuing ability to
attract research support by the pres-
ligious investigators on their faculty
roles, and their established reputations
tor excellence in their gradate pro-
grams. The attitude of confidence
expressed i these interviews, however

“is probably not shared by all higher

education officials, since the 23 sainpled
institutions consisted primarily of those
with established reputations for edu-
cational excellence.

11



summary

Increases in 8/ professional em-
ployment in academe have been con-
centrated in recent vears in doctorate-
granting institutions. These institutions,
expecially major research universities
with established reputations for edu-
catinnal excellence. continue o have
strong student markets. Consequently,
their hiring practices are not as directly
dependent on enrollment demographics
as are other institutions. Instead,
increased R&D funding from both
Federal and non Yederal sources seems
to have been the principal factor
responsible for recent growth in em-

plovment of academic scientists ang

engineers, , .
Research is being increasingly em-

phasized as a means of attracting support

for §/F professional staff. Rates of

12

O
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growth of 8/E professional employment
have heen highest in doctorate-granting
universities outside the “distinguished™”
category of institutions. For many of
these institutions, research, combined
with graduate programs, is a means of
attaining scholarly excellence, The
funding policies of Federal agencies,
the main source of academic research
support, are producing faster rates of
growth in institutions outside the top
100 recipients of federally funded R&D
activities. Research emphasis is also
influencing the types of positions offered
to applicants for §/F jobs. NMany insti-
tutions are hasing their hiving decisions
on the applicants’ ability to attracl
outside monies in support of research
projects. Renewal of contracts on a
vear-to-vedr basis is contingent on the

18

continuing availability of sponsored
research funds. primarily those from
Federal agencies.

Institutions in the lower quartiles of
research performance are expected to
be relatively valner able to financtal
adversity resulting from high rates of
inflation and demographic shifts caused
by anticipated declines in the college-age
population. S/E personnel on short-term
renewable rescarch contracts, including
many of the newly recroited women
scientists, are expected to be especially
virlnerable to any futere reductions in
force necessitated by combinations of
ceonomic and demographic factors and
any real decreases in Federal R&D
stupporl.
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A

General
Methodology

This special study is based of struc-
tured interviews with nniversity admin-

istrators and officials at 14 public and 9

private doctorate-granting institutions.
Thirteen of these interviews were
conducted by NSF representatives and
10 by an American Conncilon Education
official working under contract 1o NSF.
Structured interview guidelines were
developed by NSF,

One individual on cach of the 23
campuses served as coordinator for the
sidys Generally, the coordinator was
located ina central positionin terms of
data systems, planning, or research
administration. A letter was sent to the
campus coordinators outlining the
purpose of the study a..d requesting
parlicipation in setting up interviews
with administrators and faculty. At least
one full day, and in most cases two
days, were spent at cachinstitntion for
interviews, Before the campus visits,
coordinators were provided with in-
stitutional profiles containing NSF
personnel survey data for the 1973-78
period and with structured interview
guidelines to be distributed to inter-
viewees. The positions of the inter-
viesveas varied but included presidents,
vice presidents for research adminis-
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tration, personnel directors, graduate
deans, and institutional researchers.

Sample Selection

The size of the institntional sample

was based on both cost and time factors,

as well as analytical and sampling
considerations. To maximize cost/
benefit orsiderations. the institutional
sample was selected from a list of
institutions reporting the largest in-
creases in professional employment
dhiring the study period 1973 through
1978. In addition, two institutions that
had reported declining emplovment
levels were selected.

The nniversities visited during this
study emploved 15 percent of all aca-
demic scientists and engineers in 1978
and 24 percent of all those emplovedin
doctorate institutions. They accounted
for 14 percent of the public institution
S/E total and 18 percent of the private
university S/E total. In addition, the
study group accounted for 18 percent
of the total change in S/E employnsent
during the 1973-78 period,

Data Reliability

As part of the structured campus
interviews questions were asked about

20

the institutional record sources used to
report data to NSF in the Survey of
Scientiflic and Engincering Personnel
Employed at Universities and Colleges.
At all 23 institutions, the interviewees
indicated that to the best of their ability,
the personnel data were reported
according to NSF survey instructions.
Only in recent vears, however, have
institutions felt it necessary to maintain
accurate records on the numbers and
characteristics of their emplovees. In
carlier years in the NSF dala series,
institutional personnel files were
primarily maintained to meet payroll
requirements. As social legislation for
ecqual employment opportunities
emerged.along withreporting require-
ments of Federal and State agencies,
institutions began to maintain more
extensive central records, by and large
computerized, on various characteristics
of their employees.

The greatest degree of inaccuracy in
the data supplied to NSF was uspaliy
associated with decentralized reparting
practices. In cases where institutions
Sent the NSIF questionnaires to offices
of graduate deans or department chairs,
the turnover of staff who were assigned
to complete the forms was particularly
high from year to vear. Consequently,

‘subjective interpretations of survey

requirements, varying greatly from one
survey period to another, resulted in a



lack of consistency in reporting trend
data. Five of the 23 institutions in the
sampl. had decentralized reporting
])l"()(:c(llll;(:s in the 1978 NSIF survey
period,

For the 186 institutions with eentralized
svstems, the same reporting concepts
were used throughout the institution,
but these tended to vary froni one
institution to another, depending on how
comprehensive the central files were
in terms of the inclusion of professionals
utilized in scientific activities. For
example, in a number of the sampled
institutions, not all postdoctorates were
included in central pavroll files since
pavments to some were made directly
to the individuals by private foundations,
Federal agencies. or other outside
SPONSOrS,

The presentstudy and priorin-depth
reliability and validity analyses by NSE
‘indicate that a growing number of
institutions are centralizing their re-
porting methods, As aresull, there is a
sound hasis for concluding that the
quality of institutional responses is
improving and that improvements can

J
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be expected to continue in future survey

cycles as centralized reporting practices

progress.

The Data Base

The annual data bases resulting from
the NSF-NIH Survey of Gradaate
Science Student Support and Postdoc-
torals were searched to identify insti-
tutions which offered doctoral programs
in the sciences and/or engineering
dluring the period from fall 1973 through
Fall 1976 286 such institutions were
identified. These 286 institutions were
then checked against the survey popu-
fautions of the NSF Survey of Scientific
and Engineering Expenditures at Uni-
versities and Colleges for Fiscal Years
1973 through 1978 and the NSF Survey
of Scientific and Engineering Personnet
Employed at Universities and Colleges,
January 1973 through 1978, These
matched comparisons resulted in a total
of 271 institutions in the data hase
comprising the statistical analysis shown
in this report,

Because of expansion of survey
coverage in 1974, only partial data were
avaitable for graduate science students
and postdoctorates in 1972 and 1973, To
estimate missing data on graduate
science students and postdoctorates in
1972 and 1973 for this study, departments
in the 1974 data base were matched
with those in the two carlier vears and
the proportion of coverage in cach year
was compared with the 1974 data. These:
proportions were used to inflate the,
datain 1972 and 1973 on graduate science
students and postdoctorates. This
process resulted in a 22-percent increase
in 1972 and a 20-percent increase in
1973 in the number of graduate science
students in the data hase. Corresponding
adjustments to postdoctoral data were
29 percentin 1972and | percentin 1973,
The same procedure was used to esti-
mate data for analyses pertaining to
“distinguished™ institutions. Rates of
data estimation for these institutions
were 20 percentin 1972 and 13 percent
in 1973 for graduate science students:
and 4t percentin 1972 and 3 percentin
1973 for postdoctorates,
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Science Resources Studies
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R&D Funds

“Federal Obligations to Universities and
Colleges Continued Real Growth in
FY 1978 .. ..

"Greatestincrease in 1978 Industrial R&D
Expenditures Provided by 14% Rise in
Companies OwnFunds™ ..............

“Real Growth Unlikely in 1980 Federal
R&DFunding” .......................

“Total Federal R&D Growth Slightin 1980
butVaries by Budget Function” ..... ...

S/E Personnel

“Employmentof Scientists and Engineers
Increased Between 1976 and 1978 but
Declined in Some Science Fields™ . ... ..
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Employment Growth™ ... ... ... ... . ..
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Composite
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Development. Fiscal Years 1978. 1979,
and 1980. Volume XXVIIl .. ........ .. ..

‘Research and Developrnent in State and
local Governments, Fiscal Year 1977 . . ..

79-318

79-327
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80-304
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Science and Engineering Personnel:
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