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o Foreword

" The rélatiénship between the supply of scientific and engineering manpower and the
needs of our énclety pervade almost all acpects of science policy as well as the planning

for higher educatmn and for it: support. During periods of acute shortages of scientists™ -

and engireers, definitions of issues are somewhat simpler in that it is evident that overt

actions have to be. takén to increase this segment of our ‘high-evel profe%smﬂal
population. Furthermore, in the past, steady trends of government support of [ESEai‘Lh

and davelopment of student CETEPT choices, and of educational patterns made assessment

of future situations easier. . «
However, the mtuatmn has changej Wé find Gurs’élvesé ina period of readjustment of
changes may well be Df a shm*t -range nature others are unqueshonably more fundamental
and thus of longer duration. Kapid. change pmdum temporary misalignments, doubts,
~ and deep concern. Thus, it is especially important during such a transition period.to
Jprevent exaggerations, to distinguish painful short-term effects from long-range ones

which may have much greater impact, and to examine carefully various alternatives. Ttis

exactly this situation which led the National Science Foundation to-initiate this partlcular
study of the expected future’ relatlonshlp between the supply and utilization of science
and engineering doctorates. -

The NSF.has: always played a major role in the' colléction of data and analyses

related to this Natzon s scientific manpower. On the basis of this experience it was fully

realized that | in projective analyses, such as “this one, no false sense of precision should be . .

“attributed to numerical values in view of the limitations of the data and methodologies,
the complexity of the system, and the'uﬂpredictability of future events. However, the
inherent long-range factors involved in the training and utilization of doctorate
manpower, such as the period required to pmdm e a Ph.D. scientist, and the time required
to achieve.changes in utilization patterns, do- make a study of this type meaningful. It can
produce broad lﬁdiéétiﬂns of balances or imbalances and can provgde 1n51g’1t as tQ the
‘quantitativi and quahtatlve effécts of variable parameters.

~ The year 1980 was selected for the PfDJEthGﬂ in view of the long lead- tlrne mvalved

in the process of praducmg doctoral scientists. Those doctorates produced between now

‘and 1980 will constitute the major pmpmt on of the body c:f doctorate scientists available

at that. time. Mechan elapsed time between the baccalaureate and dpctorate in scierice is

" now 7-8 years, and the registered time in course anc research work is about 5-6 years.

: Furthermore,’ ‘program revisions, which affect the number of graduate students or the |

average length of graduate study, are hkely to be slow in working through the system, so
that 10 years of so are needed for the full effects to be apparent

3
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This study suggests that alternatives will be possible in the 1970, which permit the
atilization of science and engineering doctorates in additional activities for which they are
well qualificd, but for which the supply has been inadequate in the past. These activities
contribute significantly to our scientific, sconomic, and social progress. Furthermore,
these analyses indicate that probably we can only achieve those societal benefits if the
present trends in doctorate production can be maintained. Thus, the desirability of
alternatwe utilization patterns must be carefully exammed before any overt steps are
taken to affect quantitative aspects of graduate education in the ‘sciences. Such steps
rmght not only destroy the favorable margins projected here, but may also, dlsrupt the
basic production system, which has made this country preemment in scientific
development. At the same time, it is clear, not only from this study but also froin recent’
experiences, developing societal needs and student asplranons7 that umversnty programs
and preserit degree structures should be carefully reexamined at this timé.

~'Whif¥’ many staff members of the NSF Planning Drgamzatmn contributed to these -
analyses, the primary authors of this paper are: C. E. Falk R. W. Cain, and L. M.

- ‘Hartman. The comments and assistance of J, Lewis, T. J. Ml“S K. Sanow, an.! S. Reed

were especially helpful. We are also grateful to the many individuals who reviewed thns
study and provided thoughtful comments and sug restions.,

.Charles E. Falk

,  Planning Director
- National Science Foundation
-November 1969
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Intréduction¥

The question of supply and demand of doctoral-level scientists' plays a central role
n ndtlcmal science planning. It relates to such issues as: the amount and utilization of
future R&D funds, the need to stimulate students to enter the field of science, the
number and size of graduate schools needed, the type of graduate training required, etc.
Projections of Ph.D. scientists available 10-15 years from now are likely to correspond to
the actual future situation, because most are already either in these professions or are in -
the a. lemic “pipe-..1e.”” On’ the other hand, it is extremely difficult to predict the
national demand for these professions. As-a matter of fact, the concept of absolute
manpawer “demaﬁd“ see'*ns' inapprnpria‘té What can be dis;ussed is the expeued
unhzatlon w,xll be affecte,d by the am;lable supply. Hnwevar, thls complsx rel_atlonshlp is
" difficult to “anticipate. The larger the relative supply, the more varied the types of
activities for which Ph.D. scientists will be used. Furtheérmore, in periods.of relative short
supply, some tasks ordinarily undertaken by dgctorates will simply not be fulfilled or will
have to be redesigned so that professionais wi h lesser educational ackgmund can-carry
" cut part of the overall effort, even though generay less effectively. .
.Because of the constant réquests for numerica ectidns and despite these
inherent difficulties, an attempt has been made to develop forecasts for the year 1980 in’
order .to provide some quantltatwe indication of the general nature of the probable
supply-utilization relationship for doctoral scientists and engineers.. The year 1980 was
selected in view of the long time involved in the doctoral scientist production process.
‘The median elapsed time between the baccalaureate and doctorate in science is 7-8 years,
and the registered time in course and research work is about 5-6 years.
It will be evident from a review.of the methodologies and assumptions. used that the
forecasts are characterized by. relatively large uncertainties. Thus, no false sense of
zpremsnon should be attributed to the numerical values of the projections. At'best, the = - -
" range of numerical values should. be mnsndered as an indication of the extent of any . '
future balancés or mbalances

fact that on the supply Slde trends :‘iepend on various unpredlctable factors Such as
student interests and ‘concerns, response to feedback fmm the employment market,
motlvatlonal factors dependent on such consnderanons as chernment support of speclﬁc:

. "The generic term “scientists” will be used to indicate both scientists and EﬁgiﬂEEf;S.! - . LS
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Just descnbed as part c:f the supply sxtuatmn) etc. Since mog; of these f'ac:tc:rs are
essentially unpredictable over a IC-year period, no projections by field of science are made
in this paper; it is believed that such projections would be almost meaningless.,

The next section summarizes the results of these analyses, as well as giving very .~

brief descriptions of the methodologies used. The material is- r.‘r:werecl in con51derably

more detail in the various dppendlxes
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on ihe basis of recent activity paiterns or
are considered '‘basic” or conservative

I they refleet a Ph.D. o shortage situation and an era
" NEpassctenized by, very ught Federal R&D budgets.due to
o {s;ﬁslxﬁ.ﬂ temporary fiscal demands. These “basic,” mini-
‘—'-Y*r{i gtiiiz;uimi levels are projected within a range of
éxhé}.s& 5000-700,000 science doctorates, depending

Cse

ipon zhe umthajatagy used. However, improvements of
“flhe present situation are quite desirable from a national
“apoint of view. Thus, modifications to the *‘basic™ utiliza-

Hion projections were considered which reflect either a
ccovery of national R&D funding growth rates to those
xperienced in the 1953-66 period: increases in doctorate

B vigher education; increases in the rate of growth of that
szctios of the Ph.D. population which will be involved in-

bf all these fattors. Fro}eumns based on realization of
Ibnly several or all of these modxﬁcanons of the “basic”

wonacademic, or non-R&D activities; or a combination.

. ses fosooast by 1980 a supply of about _
cienee doctorates. Utilization projections have

% o toial facully ralios i posi-secondary institutions of

—

“yeience doctorate utilization indicate passﬂ:\le 1980 utili-

sbation levels as high gs about 390,000 doctorates.

' 'ﬁms, “the Expedrd number of f;scis'm:e doztgrates lies
mhzauen pmje;tmm It wouid theremre appear that
ipresent and projected trends in Ph.D. preduction rates
fsre not likely to prodyce an “‘oversupply” of doctor-.

Mraintained ity Te poss;ble to provide some: quahtatnve
ihind qﬂanutatwe unpmvemem in the p‘attems of utiliza-
ion 01 science Ph. L), S

This an&lys:s pols o Qne very 3mpartam 1ssue
amely that szgmﬁcar}i numbers ’Qf Ph.D.’s are likely to

e is there&)re very lrﬁpcrtaﬁt iat new PH.D.’s be of-

fare most su:fabla for Lhese new actmtxes. Furthermore,

FullText Provided by eric [l

gngaged in_activities which Lfe ‘markedly different-
{ffrom those practiced by most present doctorate holders. -

{sites. On the mher hand,_if these supply trends can be ..

fered gpucns of gmduat§ pmgrams mcludmg some that -

Summary and. Conclusions

for solely research careers. This training issue will make
it necessary for universities to examine their graduate
programs and probably to develop different and new
programs for Ph.D.’s who do not intend to enter re-
search -careers. At the same time it is very important that
society, especially its.academic component, transmit to
graduate students an awaranéss that nonresearch careers
play: an ‘imporiant role in’ both national ‘and scxentlﬁc
affalrs :

1968 Supply and Utilizaticiﬁ A

It is estlrnated that, as Gf January 1968, the number '
" of Ph.D.-level scientists employed in various activities in

the United States was approximately 147,000_. This esti-
mate was calculated from the iumbers of earned doctor-

ates awarded in the y®ars 1920 through 1947 from" U.S.

institutions, less attrition caused by death 2nd retire-
ment, less allowances for those persons (almost entirely

students must not be educated with “false’ aspirdtions’ .

women) not undertaking a career in science or engineer-

- ing, and les*a\allcxwances for those foreign citizens ‘who

earned Ph.D.’s 1;1\ the United StatES, but’ SubSEquently

“left - the country, or canversaly, ¢ame to the Ulnited
* States with foreign doctorate degrees. (See appendix A.) -

‘Nearly three-ﬁfths_,(S7 ,000) of the 147,000 doctoral

scientists in J968 were employed by universities and col-

leges, anothér one-quarter (39,000) were:in ;mvate in-
.dustry, and the remaining one-elg,hth were employed by

government agencies and other orgamzatl_cns (14,000 and

* 7,000 respectively):

Projectgd 1980 Supply

The magmtude “of the group of dqctoral scientists -

available - in 1980 was determined thmugh arn -eXamina-

tion of the present (1968) group, estimates of death and

-

- . : =
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~ retirernent attrition, préjectinns of emigratién and im-

ERIC

mlgmtlon patterns, and projections of ‘doctorates pro-
~.duced- between 1968 and 1980. (See appendnx B.) The
latter were generated by NSF on the basis of enrollment
projections developed by the Office of Education. The

 net result indicates that by 1980 there will- be -
v apprc»xlmately 350,000 doctoral scientists in the Unites

" States. Most of these are already\ in existence, or ate
either in institutions of higher -education or about to
enter them. While there are some indications of shifts in

_ student interests, these have not yet produced significant .

changes in the fraction_of undergraduate or graduate de-
grees awarded in the overall science and. engineering

(.ncludmg social science) area. However, it should be ;
"pointed out that major changes in student interest in "’

graduate education in_general or in the sciefices could
lower the projected- Ph D. supply significantly. -

" Doctorate . supply projections depend on future
science enrollments in both graduate and undergraduate
schools. Since graduate enroliments are incrcasing’ faster

than bachelor of science production, one should. analy.:,e :
~ whether the prOJected Ph.D. productlon rates appear re-

alistic on the basis of the number of bachelor’s pro--
ducéd. Such analyses indicate ‘that these differential

growth rates will not, produce any Ph.D. production limi-

tations by 1980. However, continuation of present trends -

may produ«;e a pmblem several decades from now.

PrQJected "Basnc” 1980 Utilization

‘Two sornewhat dnfferent methodologies were used to
“project the pattern of utilization in 1980, the fundarnén-
. tal difference being the treatment of academic faculty
and nonacademic -utilization’ of scientists. “*Basic” .pro-

jections, which represent conservative, minimal levels, as-

sumed essentially a continuation ‘of the same type of

_ work activity and quality patteris as are in existence

today, i.e., constancy of ratios of student/faculty, doc-
" torate faculty/total faculty, doctorate scxentnsts/nondo&
torate#Scientists in nonacademic activities, etc. On this

: basns and the methodologies described below, lower limit
___utilization numbers in ‘the range of ‘about

275, 000-300 ODO science doctmates are antu;npated
- Method I

- From existing data,’ the present-&q*y group of science
doc torates was divided on the basis of “ primary employ-
ment,” into three groups: those involved in Research
and Development Teachmg, and Dther Activities. -+

me surveys of employment of scientists axgl engmee.rs in

mdustry, universities and’ colleges, nonprofit organizations, and

_the Federal Government, and from. the National Regxster of "

Scnentlﬁc, and Techmcal Personnel.

4

The number of those likely to be involved in research

_and development was computed-on the basis of probable

future R&D funding levels (constant 1968 dollars). This

. assumes that the R&D dollar/doctorate scientist ratio

will remain unuhﬂnged iti each. economic sector. This
projection of the possible magnitude of 1980 R&D ex-
pendltureq assumes that 1980 Federal R&D obligations
and total academic R&D support will still* “represent

-about the same fraction of GNP as.in 1968; this implies

an annual rate of growth of about 4.4 percent (constant
1968 dollars). The rate of increase of non-Federal R&D

_support in industrial and nonprofit organizations com-
" bined was asaumed to continue along trends of the re-

cent past, i.e., at 7.6 percent per year. Under those
assumptions, total national R&D support would increase
at an annualrate-of 5.7 percent (1968 dollars).

Estimates of doctorates who will be engaged in post-
secondary teaching are based on anticipated total enroll-
ments inhigher education and assume no -changes in
student/doctorate ratio or fraction of teaching faculty
with doctorates.”

: Finally, it is assumed that the propnrtmn of doctor-

“ates engaged in all other activities to the total number of

doctorate ‘'scientists will. continue to increase at about
the rate observed-during the last 8 years, namely about 4
percent per year. ﬁ B

The total “basic™ utlllzatlor estlmates resultmg fmm

~ these calculations are shown in table 1.

Table 1.-*BASIC" UTILIZATION OF DOCTORATE
SCIENTISTS IN 1980 (METHOD ) '

(000)
?P:imary.emplcyment k Doctorate scientists -
Total ... i 2717
Research and development ....: .. i e 134.
Teaching .. .%..visurinnrcasnnrnnans 88
Otheractivities . ......c.uvuresyeanennenns 55
Method 1

. . ) ': q, : B ) . o .
In this' method three somewhat different utilization -

subgroups are used: nonacademic research and develop-

ment, acddemic (including all actmtles, i.e., teachmg, .

- research and development, and other) and ncnacademlc
other. -

The rionacademic R&D doctorates were calculated on
the basis of likely future funds available for this activity.

., These were. projected by using a C‘rNT3 growth rate of 4. 4.

percent (constant dollars) and by maintaining the same . -

11



rate ol growth '(2.2 percent per year)!in the ratio of
industriallv funded R&D/GNP which has been experi-
enced since 1956. A similar method was used to deter-
mine .the future level of nonfederally funded research
and development at nonprofit organizations.

using the average ratios for the “Federal administrative
budget/GNP™ and “R&D/administrative budget” experi-

' ‘enced over the 1956-68 period and applying them to the .

" anticipated 1980 GNP level,

‘The academic utilization of dmtorates reg:}rdlcss of
activity, was calculated on the basis of future. enroll-
ments. However, since different rates of growth are ex-
pected in the various subunits of the academic universe
(graduate, undergraduate and 2-year), separate calcula-

tions. were made for each.one of-these. Again, it was’

assumed that student/faculty and doctoral faculty/total
faculty ratios will remain constant. Postdoctorates clear-
ly are not necessarily rélated to student enrollment and
were projected on-the basis of the growth calculated for
_nonacademic R&D support. .
_Finally, the number of doctorates erly to be en-

gaged in “other activities” was calculated through appli-

~ " cation of the same methodology as that used in Method I,
The result Qf these mmputatlons are shown in table 2.

o

—*BASIC™ UT[LI?ATIDN OF DOCTORATE

Federally
fundéd nonacademic R&D levels were computed by °

Table 2.
SCIENT[STS IN 1980 (METHDD [49)]
(C00)
Subgroups - Doctorate scientists
Total ........ P 113
Academic ... ............... e . 177
Nonacademic research and develapmem R 87
Nenacademlcgthe: e e e s 37

;M;ndified,_ Improved 1980 Uiilizatigﬁ :

The “basic” projections -reflect current utilization of

science doctorates, but are not responsive to national

needs for improvement. They are also based on the pres- .

ent somewhat atypical Federal fundlng situation. Conse-
~ quently, modified utilization projections.were developed

to illustrate .the number of Ph. D.s utilized jf recovery to-
- funding growth rates were to occur or if quality and .

activity changes were to take place. (See-appendix D. )

On this basis, R&D funding was assumed to grow at a

compound rate of 10 pércerit per year for Federal R&D .

“obligations and 9 percent per year for mdustnal support
of research: and development. *° : :

«

12

The ratios of doctorate faculty/total faculty were in-
creased as follows: graduate faculty—85 to 95 percent,
other 4-year- fac:ultyWSQ to 75 percent, 2-year f‘qc.u!ty—S
to 16 percent. . ,

Although a growth of .0.14 to 0.20 in the raglio of
doctorates engaged in “other activities” (manageinent,
consulting, technical .marketing, industrial operations,
secondary school activities, etc.) to total doctorates was
utxl:zed in the “basm utllxzatmn prqectmn; t}m%e Dnly
lm‘utEd by dogtorate shortages Shc}uld such shortages
become less pronounced it is very likely that relatively”
more doctorates would bé engaged in these activities.
Consequently, this ratio was increased Iurther t,_@ 0@255

Table 3 shows the range of such delﬁcd utlhzatmn
prole:“tmns . : - .‘

Table 3.~MODIFIED UTILIZATION OF DOCTORATE
SCIENTISTS IN 1980 o
ooy -

Mdhml 11

Type 01 modlflcatlnn Method.1 '

1. No medification ) :
(basic projections) ............ 277 *’;36[
. Larger R&D projections . .......| . 342 = 337
3. Increase in faculty : ‘
Ph.D.percent ................ 300 334
4. Increase in ratio of
dactorates in ather
activities/total doctorates

[

from 200 .25 ... iirininnn.. 296 310 -
P S S 365 370
6. 244 e | 365 349
7.3+4 Lol 320 343
8. 3

24344 | 389 | 383

i

‘The above suggested modificationsrin the utilization
pattern of doctorate scientists and engineers are of three
general types: (a) level of R&D expend:tures (b) charac-
terlstlcs of faculty in unlversmeg and cclleges, and (c) :
w:thm the Econemy of those tramed to advanced levels
of education. vanously, the actual patterns:of utiliza-
tion ‘which will exist in 1980 will not fit the specific

‘situations described. Rather, a_ variation of these will
“exist. One effect of such possible changes in patterns is

the shift in the ‘concentration of doctorate utilization in

" universities and. collegé? In 1968, nearly 60 percent of

the doctorates were engagcd in varmus activities in.
higher education. Under the several - modifi cations -

..shown, this proportion would range from about SI per- -
_ centto 63 pPrcent

L i B

'5/4




APPENDIXES |

A




APPENDIX A

]968 Uhhzqhon of Ph.D. Personnel in

Introduction and Summiary

147,000. The 1968 stock of doc:tor_a,tes_ was calculdted
from the numbers of earned doctorates awarded ini the
years.1920 through 1967 from U.S. institutions, less attri-
tion because of death, and retirement, less allowances for

" those persons (almost entirely women) not undertaking

a career in science or engineering, and less allowances for
those foreign citizens who éarned Ph.Ds in the United
States, but subsequently left the country. Additions to

this stock were made from estimates- of doctorates who

earned their degrees in foreign institutions, now working
in the United States| These calcuiations of the existing,
stock in January 1968} are shown in table A-1.

Mncludes physicai, hle and ‘Social scientists (excluding
historians), mathemgticmns and  engineers. The " terins
“doctorate,” “doctoral” and Ph.D. used in this paper refer to

third level research degrees; excluded. are professional medical

" degree personnel..

Table A-l.- FSTIMATED SUFPLY OF PH.D. SCIENTIST§ AND

" ENGINEERS, JANUARY 1968

(000)
Doctorates . . - | Total . | Men [Women
Doctorates awarded _ ' .
(U.8)1920-67 oo v ccv v v v v s ) 175.8 161.8] 14.0.
'Immlg{'atmn of Ph.D.’s, - . I |
1920-67 . o it | 110} 105} S
Subtotal oo e e .| 186.8] 1723] 145
- Less attrition 192067 ... ... of | a5 03] a2
Less emigrati‘an of T R
- 1920-67 l‘hD L =153 —14D -1.3.
7 ’Subtﬁtal of subtractions ... ....... -398 _—34 3 ;—5;75
o A e —
o Supply of doctorates,’ E al :
January 1968 . ... . . .cccco ... 147011380 9.0

ERIC
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Sglence c:nd Engmeenng

&
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A number of sources w‘ére used to construct the esti-
- mate of the ex:stmg stock of doctorates in 1968. These
include: information on degrees awarded (from both the -
- Office of Educatmn and the National Academy of Sci-

ences-Nz tional Research Council), tabulations and pub-

lished reports frori NSF's National Register of Scientific

z‘md Technical Personnel, data from NSF’s survey of
scientific activities in universities and colleges and a
1965 Bureau of Labor Statistics survey of scientific and
technical persomel in industry; and information from
several special NSF -analyses based ‘on the above and

‘other sources.

Sectoral mplcyment of Doctoral Sclent:sts

13

Table A-2'is constructed to show the deployment pat- -
(l;m of the 147,000 Ph.D. scientists and engineers as of *
Januafy 1968, by employer and by field. Universities
and colleges utilize science doctorates in much greater

proportions than they do engineers. An estimated 59
percent of all doctorates in science (including social

= science) and engineering . aré employéd by -universities

and. colleges. Another 26 percent are in private industry
or selfemplgyed and 10 percent work in government

-agencies—more than 7 percent’ for.thé Federal Govern-

ment alone. The remaining 5 percent are in miscellane-
ous rlonprort organizations, in¢luding Federally Funded

"‘Research and Development Centers associated with um=

versities. -
In general, about three-quarters of the dosturatcs in

life sciences, mathematn:sj and social sciences’ “are em-
ployed in the universities and-colleges; pnvate mdustry is’

also an important émplcyer of phy ;r51cal séientists (partlc-

. ularly chemlsts) and of engmeers,fmcre than one- -tenth

of thé life scientists and soclal sCientists are in govern-

““ment positions. The pictures is one of employment .op-
_portunitiés in all of the, principal economic sectors for -
“doctorates, although miuch larger numbers are found in
flnstltutlons of hlghér educatlon
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. +Table A-2.-1968% UTILIZATION OF PHD. SCIENTIS TS
: AND ENGINEERS, BY SECTOR AND FIELD

Doctorates
Sector and field Number VPercent
L ' (000) S
Allsectors oovvvvunioiiiiii | “ 147 100.0
Physical scientists ...... ... . .. /487 33.1
Lifescientists!.._...”,,,,....; S 3712 253
Mathema’ticians.,,“.....‘..,..,r* 8.3 57
Engineers e 20.1 13.7
Social scientists, ,,, ... ..~ ./ 327 22,2
Universities and colleges . . . . g,xff. ... 87.0 59.2
Physical scientists . .. ...,/ T RN TV
Life scientists 27.7 18.9
Mathematicians 6.8 4.6
-Engineers ... .. 9.0 6.1-
Sacial scientist . 238 16.2
Private industry 388 26.4
Physical scientists ;...... ., . .. 230 | s
Life scientists ...... . . .  _ . 32k 22
Mathematicians ,,....,. . . . . 1.0 T
.Enginl;:’rs e 9.1 " 6.2
Si}c}a scientists ..., .. . ... 25 |1.7
'Envemﬂ;ient 14.1 - 9.6
Physical scientists . _ e 3.5 2.4
Life scientists ......,.. ., .* . 5.0 34
Mathematicians . .. .., ... . . . .3 . p;
Eﬁgineers....g.é.,....,.;.,.i. - LI, - .8
Social scientists . .. . . . .. j ....... 4.2 2.8
Nonprofit and other” |, , ./ ceeaen A 4.8
Physical scientists ..., .. ... .. . 2\':§ L7
Life scientists ... . .. . . . . . O T 9
Mathematicians . ..., .., .. A S2 S §
Engineers ..,.... ... .. .~ , 9 6
Social scientists . ....,... ... . . 22 1.5

3 Asof Tanuary, ' .
b Includes Federally Funded

Centers attached to universities a

Research and ‘Development
nd colleges.

Source: Berj#ed from-data on degrees Branted, attrition rates,
and immigration and emigration patterns (U.S. Office of
Education, Department of Labor, National Academy of
Sciences-National Research Council, and National" Science

Fgundgtinn). - :

10

Work Acrivities of Doctoral Scientists

Ph.D. scientists and engineers are currently engaged in
a wide variety of activities, including basic and applied
tesearch, development, teaching, ad. .nistration and
management, consulting, and a number of other activi-
ties. While an individual Ph.D. may engage in more than
one activity, eg., academic scientists engaging in both

., teaching and research, the deployment of individuals can

be described in terms of their “primary” work and prin-

- cipal employer, if more than one. This is the basis adop-

ted for the Method | -projections, described in appen-
dixes C and D. On'this basis, as shown in table A-3 . R&D
scientists and engineers account for about 49 percent of
the total, teaching for 38 percent and all other activities,
i.e., management and-administration, production, con-

+ sulting, technical writing, etc., for the remaining 14 per-

cent. The distribution of doctorate scientists by work
activity varies considerably by sector, as shown in the -
table. Teaching, of course, is paramount in universities
and colleges; while research and development is by far.
the primary activity .of most scientists and engineers in-
the other three sectory, - - '

The extent to which doctorates are “‘primarily en-
gaged” in research and development varies widely among
fields, as shown in table A, For example, far more than
a majority for physical scientists and engineers are so
engaged, but rhuch less of the life and social scientists
and mathematicians are in research and development. On

.the other hand, teaching is the primary activity of about

half of the social scientists, mathematicians, and life sci-
entists, but only a minority of the physical scientists and
engineers are engaged primarily in tedching.

An alternate approach to 1980 projections was
adopted for Method II in appendixes C and D that dis-
tinguishes primarily between academic and nonacademic
utilization. Doctorates in institutions of higher educa-
tion were grouped by level of education involved, (grad-

-

" uate, undergraduate, and two-year), rather than separat-

- ing them into research and teaching activities, 23 in,

Method I. -



‘Table A-3—1968" UTILIZATION OF PH.D. SCIE:NTISTS
AND ENGINEERS, BY SECTOR AND WORK ACTIV?TY

T — o TTotal Percem dhtnbu ion T

Sector : | Number | Percent | Toral R&D | Teaching | Other
: (000) ) R '

AllSECtors ......... .iceeee.....] 1470} 1000 | 100.0 48.5 37.8 13.6
Universities and gcxllegaq e - 87.0 59.2 | 100.0 296 [, 625 1.9
Private industry .........cocneeeonn © 3838 264 100.0 784 |1 1.0 20.6
Government SRR SREEERER L EEEERE 14.1 9.6 100.0 63.8 4.3 319
Nonprofit and other™ ......... s 70 48 | 1000 | 901 14 5.5

2 Asof szuary

b Includes Federally Funded Research and Dc:%lnpment Centers attached to umversme*‘. and colleges.

Table A-4.-1968% UTILIZATION OF PH.D. SCIENTISTS AND ENGINEERS,
BY FIELD AND WORK ACTIVITY

P ] ) Total. - - Percent chstnbum:n
" Field Number | Percent | Total | R&D |Teaching _(;)ﬂli;’["
: (000) o E ’
CANEES +vevrenrrnineneo| 1470 1000 | 1000 | 486 | 378 | ‘136
Physical scientists . ... ..............| 487 | 331 [1000 | 635 [ 261 10. : |
Life scientists ... ...vvvcvencneeonns 37.2 | 253 100.0 393 446 16.1 - N |
Mathematicians - e 8.3 ‘5.7 100.0 39.8 | - 494 108 - :
ENGINCETS ..o vvoeeninnetneed] 200 | 137 | 1000 | 6527| 164 | 18.4
Social scientists . “ el 327 222 10007 | 2941 575.| 131
= - — —— el — - —t— —==
? Asof January. ' V “ , -
,.! . A E
: K
!
El{llc - smaso-ss-s - 18 ' . oo 11/jl‘ .

Aruitoxt provided by Eric
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- APPENDIX B

Prmecfed Avmlcblhf/ of Science
cnd Engineering Dcctcmtes‘“

!nffbdgctian and Summary

The future supply of doctorates depends principally
upon_the current (1968) supply supplemented by new
doctdr.ate awards, immigration, and transfers from re-
lated ficlds. Offsétting losses include deaths and retm;:-
‘ments, emigration, and transfers to other fields. The
following sections review these elements looking to the
probable supply in 1980. Summarized in table B-1 is the
result of the supply projection exercise, which reaches a
‘level of 352,000 doctorates as of 1980 This level repre-
sents an increase of 139.6 percent over the pool of
147,000 doctorates existing in 1968.

Trends in Ph.D.’s Awarded

The growing numbers of baccaldureates the social

. pressures to. secure’ higher levels of educatlon, and the
* greater economic resources available to support graduate
study are responmble for the growing number of doctor-

- ates awarded each year. The Office’ of Eduga\bﬂfreports
- 5900 d.

.orates granted in the “natural sciences and

Table B-1;--SUMMARY OF AVAILABILITY OF SCIENCE
AND ENGINFERING DOCTORATES, 1968 to 1980

(noo)
Dot:tmatas Number

Supply of doctorates, Jan. 1968 . ... qveeenunn. 1 147;0

" Estimated. doctarate awards, ) -
v Jan. 1968 to Jan. lQBD 2643
~+ Immigration of Ph.D.’ s, \1%63 B0 i 30
Subtotals 0f addtions .. ....veanneeonis 4163
. . . .’i i . g
Less attiition from 1968 base.. .. ... ..... ... . =272
Less attrition from 1968-80 Ph.D.s .. .....,...- ~10.6,
Less emigration of 1968-80 Ph.Ds .. ... e TR 264

. Subtotal of sul{\tractians e k. e e

Supply of dacmrates, Jan. 1980 Ceeea e

-

related professé and social sciencés in 1958 and over
14,000, or more th o a5 many, in 1968,

A projection of doctorates-to be awarded between
1968 and 1980 was prepared using the average relation-
ship found in 196067 between these degrees and full-
time-equivalent enroliment for advanced degrees in
science and engineering (counting three part-time stu- .
dents as one fuil-time-equivalent-student), which in turn
was based on the QF projection of total graduate en-
rollments in all fields.! This projection, as well as actual
data for academic ‘years 1960-61 through 1967-68,

- shown in table B-3. The methods used to project these

relatlonshlps were as follows: enrollment for advanced -
degrees in science and engineering (EAD) was projected
to be a constant’33.6 pe@t of the projection of gradu-
ate enrollment in-all fieldsArom 1968 to 1980 (the aver-

age for 1960-67); the full-time-equivalent enroliment for

“‘advanced degrees, which had increased from 67.5 to

73.5 percent of EAD between fall 1960 and fall 1967,
was projected to increase to 78.9 percent-by-fall 1'979'

" (the same rate of growth adopted for Method II projec-

tion in appendix C);? and doctdrates awarded in science

" and engineering were projected at a constant rate of 8.3
- percent of full-time- equivalent enrollment for advanced -

degrees in ‘science and engmeenng (the average for the
period 1960-67). This ratio consists of doctorates award-’
ed each academic' year related to, enmllments in the fall
of the same academic year. :

Emally, since the period chosen for the analysis of '
the supply and utlhzahnn of science am:l engmeermg

ISEE. U 5. Dapartmt:nt nf Health Educatmn zmd Welfare
1977. 78., (OE-10030-68). Wééiungmn, D.C. 20402: Supt. of
Dacuments, u. S Government Printing Office), table 12, p. 20,

: Eﬁtlmates for 1978-79 and 1979-80 were made by NSF,

Thls is half the growth that would- be" ‘obtained by
extmpnlatmg the growth of 1960 to 1967. It was chosen

: ,,arburanly, because of the smaller grc&wth in the ratio in the last ~

#

several years of this permd

.13
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Table B-E.—GF.ADUATE ENROLLMENT AND ENROLLMENT FOR ADVANCED DEGREES AND
DOCTORATES AWARDED IN SCIENCE AND ENGINEERING, 1960-61 to 1979-80

(000)

- ' Graduate Enrollment far Doctorates -

T enrollment? advanced degrees awarded in

i Academic year inall in science & engineering | sciénce gnd

fields — - | engineering®

B Total | FTE [

1960-61 ... vin e i 356 '120.6 814 . 6.5
6162 . ... 386 1 12838 87.1 7.2

62-63 L. i e 422 1424 97.3 ° 8.1
) 30 464 158.1 107.3 9.0 -

. 6465 L., 517 1775 121.6 10.3

DN UB5B6 s 582" 1953 137.9 11.3

66-67 i - 624 © 207.0 152.0 12.8

- . 67687 ... i i 688 224.5 165.0 141
gig,ﬁ' 196869 .. ..... .. .. i 749 251.7 ~.186.1 16.2
e . 69-T0 ... e e 781 2624 195.2 16.7
: - 828 » 278.2 208.2 17.3

' ‘886 297.7 2242 - 18.7

2 I T 952 3199 242.3 20.2

374 1,019 3424 260k 21.7

T425 1,085 364.6 279.5 233

T5T6 1,152 387.1 298.5 - 249

T6-TT ot i 1.217 408.9 317.1 26.4

A A £ - T 1,279 429.7 3332 27.9

a - B 1 1,338 449.6 3527 =294

9- 1,397 4694 370.4 309

Degree-credlt resident enrollment in all fields; 1960-61 to 1977 78 from Office of Educatmn and : /

1978-79 and 1979-80 estimated by NSF.

i

: » b Total enrollfent foi advanced degrees; 1960,61 to 1957 68 from Dfﬁ;e of Education; 1968-69 to
i ' 1979-80 estimated by NSF. FTE enrollment éstimated by NSF assuming three part- nme etudent«:

Equal -:me full- tlmesequwalent students.

P _after January 1 in acaderrnc years 1967-68 and 1979-80,
] ' respectively. Data available from the National Academy of
f - Sc¢iences-National -Research Council indicate
i that the proportion of doctorates awarded between July
1 and ‘December 31 has been rising steadily reaching
“nearly 35 percent in 1967-68. It was assumed that this
proportion would reach 40 percent by 1979-80. Thus,
65 percent of the degrees awarded in 1967-68 were not
counted in the January 1968 base of 147,000 doctor-

~awarded in the latter years were not counted in the
supply of doctorates as of January 1980.

fmmigration and Emigration Balances !

\)4.; 14 k '

| eric

B . . Lo
PAruntext provided by eric [EEEEEREEE 3 . - =
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di;;i;tarates extends from January 1968 to January 1980 '
allowances were made for degrees granted prior Vo and .

ates, and 60 percent of the projected degrees to be -

The existing stock “of doctorates at any given point in
- time includes persons who earned their degrees from for-

1960 61 to 1968 69 from Office of qucatmn i969-70 to 1979-8B0 est:mated by NSF

_eign universities. Over the past several decades, a consid-
erable number of ‘trained scientists and engineers have .
entered this country as immigrants, and many of these

" have possessed doctorates at. time of 1mmngranon In ad-

dition, a number of U.S. citizens have received doctorate
training in’ fﬁrengn institutions.-Though no exact count
exists of these sources, 1t is estlmated that, as of - 1968

Natlcnal Reglster in 1968 provndes a minimum count of

*+6,500, not including engineers, in the ‘population re-"-

sponding to the Register.) Between’ 1968 and 1980, it is-
estimated that some 5,000 doctorates will be added to

~ the total nafional stoﬂ. fmm mstlmtmns outside the

United States.

"~ On the other hand, not all persuns earning doctorates
at U.S. institutions remain in the United States. In re-
cent years, the proportion of persons receiving the Ph.D."
who were not U.S. citizens has been about 15 percent
for all fields, according to the survey of earned doctor-

‘18_



ates conducted annually' by the National Academy of
Sciences-National Research Council.® In sore science

and engineering fields the ratio has been considerably
higher, e.g., engineering (25 percent) and agriculture and
forestry {34 -percent) and in some fields lower, e.g.,
psychology (5 percent) and botany and zoology (12 per-
cent). Some of these non-U.S. citizens elect to leave the
United States and others remain to pursue their careers
in the United States. Information from the NAS-NRC
Doctorate Survey imdicates that about one-third of the
noncitizens-expect to be employed outside the United
States and a small percentage of U.S. citizens plan like-

© wise. In all between 5 and 10 percent of new science and
engineering doctorates plan employment in a foreign
country upon receipt of the degree. Some of the nonciti-
zens who remain in the United States’initially may even-
tually return abroad for employment and the U.S. citi-
zens return io the United States. It has been estimated
for this report that approximately 10 percent of the
total doctorates awarded each year should not be consid-
ered as additions to the stock of doctorates in the
‘United States. This proportion has been assumed for all
years.

Attrition Due to'Death and Retirement

For each year the doctorate population is depleted

because ‘of losses resulting from death and retirement.

Generalized “‘tables of working life” for males,prepared

by the Department of Labor, have been applied to the

cohort of doctorates graduating each year, and losses
: due to death and retirement have been cajculated.* For
t - these purposes a median age of 30 years at time of doc-
torate award was ascumed for th¢ male doctorates and
attrition was.calculated for 5-year intervals. The pattern
of working life for females is, of course, considerably
different than males. Therefore, Dnly rough approxlma-
tions were possible. -

ltmg is estimated as follows for thé permd up to 1968

. Period- " Male doctorates A. L Netas  Percent
tina awarded f‘mnan of 1948 loss

. Total....... . 161;800 20,300 141,500  12.5

J1920-59 ..., 89,900 19,600 70300 21.8

1960-67 ...... 71.900 . 700 71,200 9

. 3Ns?atilmal,Acac:lv.:fny of Sciences - Natiogal Research Cﬁﬁncil,
Doctorate Recipients From United States Universitles, 1958-66
and Sumfrmij! R%part for 1967 and 1968.

Males, 1900-60 (Manpow"er Repart No. 8, July 1963) and Work
Life Expg,gmncy and’ Training Needs af Women (Manpower

Documents, U,5. Governmient Printing Office.) ~

ERIC

Aruitoxt provided by Eic:

" The attrition froin the male dacmrate population re--

4 See U.S. Department of Labor, Length of Working Life for

Report* No. 12, May 1967). (Washmgmn D.C. 20402: Supt. of -

The low loss rate for the doctorates of the 1960-67 pe-

- riod results from the young ase of the group. The attri-

tion of female doctorates was calculated on the basis of
total awards and the estimated number in the popula-
tion. Some 14,000 women received doctorates hetween
1920 and 1967, and it is estimated that about 60 per-
cent (9,000) of these were er_1ged in scientific work as
of 1968. (The National Réglster count as of 1968 was
8,300 not mcludmg engineers.) Attrition rates were also
calcuiated for the 1920-67 cohorts of doctorates for the
period between 1968 and 1980 at 27,000.

The number of Ph.D.’s awarded between 1968 to

1980 is projected as shown in table B-l. A large propor-

tion of ‘those receiving their degrees in this later period
will be less than 40 years of age by 1980. Attrition losses
of males from these cohorts are estimated at 3,300 over
the 1968 to 1980 period—a little over | percent. Attri-
tion of female Ph.D.'s awarded between 1968 and 1980
was estimated at 25 percent over the period.

- Populatipn Resources for Doctorate Produciicn

Demographic ~data and data on the intellectual
capacities of our youth indicate that there is and will
continue throughout the 1970’s to be a substantial

---Teservoir-of-people-potentially available for scientific and
other intellectual careers. It is apparent that even with -

the relatively small number of people obtaining
bachelor’s degrzes in the sciences that both the potential
numbers and capabilities are present for producing a

“ continuing high level of doctorates through the 1970.

Projections used in the iep_@rt show approximately 10
baccalaureates in science and ehgineering for each
doctorate in 1979-80, allowing for a time lag of
approximately 5 years from baccalaureate to Ph.D. In
" the physical sciences and mdthematics the ratio is 8:1; ir

the life sciences, 8:1; in engineering, 7:1; and in lhe '

* social sciences, 18:1.

. Charts A, B, C, and D show the estimated number of
baccalaureates with scores of 120 or 130 or over on the
Arrny General Classification Test (AGCT) to reflect the
potential for doctorate degrees.® It has been estimated
that almost 9 out of 10 doctorates in the sciences exceed

the 120 score and almost twa-thirds excsed the 130 :

sco re

sttrihuted according to data in America’s RE‘:GI(FEES of
Specialized Talent, The Report of the Commission on Human
Resources and Advanced Training, Dael Woeflg, Du’ectm‘ (New
“York: Harper & Brothers, 1954 )

Slbld
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[t may be noted from the charts that in the mathe-
matical and physical science fields the ratio of
baccalaureates with scores of 130 and over to doctorates
> years later has attained a level of ahout 3.1 and is
remain at this level through tle 1970%. In
the social sciences the comparable ratio rung slightly
higher than for the foregoing fields. In the life sciences
the situation is somewhat tighter, the current ratio being
in the neighboshdod of 2:1; but this is projected to de-

cline to 1%:1 by -1980. 'Engineering shows the greatest

amount of leeway; with a current ratio of 5:] and 3
projected ratio greater' than ‘2:1. Thus, the supply of
high .AGCT score baccalaureates ‘appears adequate to

" 16,

provide a reservoir for anticipated doctorate production,
without deterioration in quality. :

In general, about 10 percent of those who receive a
bachejor’s degree in science or enginecring have AGCT
scores of 140 or higher: about 25 percent of those who
receive a doctorate in science or engineering have such
scores. This means that if the number of baccalaureates

“excends the projected number of doctorates by a factor
there should be sufficient representation of this ;

of 2.5,
high 1Q group among ‘the doctorates (assuming a con-
stant distribution of scores among.the graduates). All of
the prdjections in thereport (illustrated in charts A-D)
are well in excess of this ratio. ‘

- e,



Chart A %TQTAL NUMBEE RECEIVING BACCALAUREATES
BY VARIOUSJNTELLIGENGE LEVELS AND
NUMBER RECEIVING DDCTQRATES 5 YEARS LATER

SELEGTED wYEARS o N
90,000 — -
. 80000 — : : C o o - PE0 Lo
Total Bachelor's Degrees )
70,000 . E;timated Bachelors with AGCT 120+5
E= Estimated Bachelors with AGCT 130-+
60.000 — Bl ooctor’s ,egrées 5 Years Later o _
£ 50,000 — e ey _
_ 40,000 —
’ 30,000 + ,
20,000 — ‘
10,000 _ =
' -1954-55 _ - 1959 60 S 1954—65 <o 1969-70 . 19145*75
e , Year of Bachelu. $ 'ﬂegree ] ’
: 3 =
: . Sources: U.5. Office of Educatlon, Natlonal Sejence Faunﬂatmn
and Dael Waollle, Amsﬂca s Resources of Specialized Talent. o
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Chart B — TOTAL NUMBER RECEIVING BACCALAUREATES,
s BY VARIOUS INTELLIGENCE LEVELS AND
NUMBER RECEIVING DOCTORATES 5 YEARS LATER

g ‘- SELECTED YEARS . g -

70000 = .- - T
e , | LIFE-SCIENCES*

A

f

60,000 : : : B
50,000 _ -~ - . : 58,200

Total Bachelor's Degrees ’ S

Extimated Bachelors with AGCT 120-- _

50,000 — Estimated Bachelors with AGCT)JBQ-%

‘Doctor’s Degrees 5 Years Later

P =t

40,000 -

130,000 —

20,000 —

110,000 —

1954-55 “ 1959-60

c@ Foundation, - *B i,dlagii:al;and agricuitural sciences,;’

‘Scurces: U.S. Otiice ol Education, Natisnal Scienca :
i zes of Speciallzaed Talant. : and science, general program.

and Dapl Wollle, America’s Rasoure
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’ ) _ i}
‘ Chart D‘ TCFTAL NUMBER- RECEIVING BACCALAUREATES
BY VARIOUS INTELLIGENCE LEVELS AND L
_ NUMBER( RECEIVING DQCTORATES 5 YEARS LATER
o T , . " SELEGTED YEARS
140,000 — -
130,000— ) 7 _
: 123,200
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Introduction and Summary

Several methods of projecting 1980 doctorate utiliza-
tion were investigated. Two are, described below. They
differ esseittially, in that Method 1 relates R&D activity
levels of all sectors to possible future’ R&D funding levels
and related teaching doctorates to total expected future
academic enrollment levels. Method I relates all aca-
demic . doctorates, regardless of type of activity, to
future enrollments, but projects academic faculty in
more detail by level of academic activity (2-year college,
4-year college, graduate and postdoctoral). This then

- leaves only the -nonacademic R&D doctorates to be re-
lated to future R&D levels. The first method implies that

fundmg for education will relate only to teaching

" requirements and the balance of funding to research and
~ development and “other” utilization; the second method
“ assumes that funds for academic activities will be made

available on tle basis. of total educational needs. The
" methods, although adopting: different approaches, do
not, as' shown below in t;fble C-1, produce drastically
different utilization pmjectlons Howevér, it must be
pointed out. that both projections are conservatxve in

Table C-1.-1980— BASIE UTILIZATION PROJECTIONS

(000)
Type of activity ‘ 7 | Method I Method II ©
o Tofal e | o277 |1 301
ot — e
O R&D ............ e ol 134 ’
‘ Teaching . ............ ... 88
Academic ‘ 86
COther Lo i S 2
Other ,.vvvceeanroainanaeeus 535
ACGAOTINE v v v ter e 1 - i77'
Ndnacademic e . 124
R&D 87
Dther and teachmg ............ 37
Q '

.

APPENDIX C

P"'Q[Eii‘éd 1980 Uhllzchcn of Ph.D.

Scientists and Engineers

E
L ;
assuming the qontmuatlan Df gmstmg patterns of doctor-
ate utilization that have been characterized by a Ph.D.
shortage. Thus, these numbers represent a minimal situa-

tion. Possible improverments of this prcqected s:tuatlcm

- are desgnb:d in appendix D.

Method |

It has been assumed for the Method 1 projections
that, over the period under consideration 1968-1980,
Ph.D. scientists will engage for the most part to the same
extent in the samé types of activities and for the same

-typeé of employers as in 1968 (see appendix A). it is

there,wﬂl be’ changes. _For exampls, new emphasis upon
environmental topics may well divert research into these
areas, growing enrollments in, the junior and community
colleges will change the situs of teaching, and doctorates -
will encounter increasing opportunities in activities other
than research. and teaching. However, in the absence of a
specific basis for determining changes, requirements for
doctorates were pmjected to 1980 generally in terms of
the - work patternsin which they now engige, ie.,

reséarch and’development, teaching, and other activities.

Table C-2 contains the projected utilization of science

Ph.D.’s for research and development, teaching and
other activities for 1980, according to. the employing
sector, The projection of utilization to 277,000 shows
an 89- percent increase over the period, or about 5.4 per-
cent per year. This may be compared to the utilization
pattern in 1968, shown in table A-3 of appendix A.

Projected R&D Expenditures and Dortorates.in 1930

The level of R&D:.expenditu:rgs’over the last 15 years
has been largely a function of Federal funds available for
this -pugpose. Furthermore, -though relative importance

. may change, Federal funds will continue to be an impor-
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- R&D expenditures of $48.4 billion

-

Table C-2.~UTILIZATION OF PH.D. SCIENTISTS AND ENGINEERS, BY SECTOR AND WORK

. ) ACTIVITY, ESTIMATED FOR 19807 (METHOD 1)
I Total Percent_ distribution )
Sector Nuinber | Percent Total | R&D® Teaching | Other
(000) ’ T
All sectors ...... ... . .. . . el L ©277.1 100.0 1,()6’.0 48.1 . 39.9 . 20.0
. Universities andcolleges ... .., .. .. .. 1492 "53.8 |-1000 293 578 | 12,8
Private industey ... ... .. e 852 30.7 100.0 73.3 .8 259
Government . ... . e, 28.7 10.4 100.0 52.6 38 | 436
Nonprofitand other® ... . . . . . 14.0 5.1 ] 1000 | 864 1.4 12.2

4 As of January,

! . T B X
b gee tables C-3 and C-4 for basis of utilization in research and dcve!apment

€ Includes FFRDC’s associated with universitics and colleges.

tant source of support of research and development irito
1980. However, in the last few years the pattern of sup-
port for R&D activities has been changing. Federal funds
in" the period 1953-66 (in terms of constant dollars)

. increased at a compound rate of 11 percent per annum,

but amounts budgeted through 1970 show a 1.4 percent
annual decreasé from 1966 to 1970. :In 1968, R&D
expenditures totaled $24.9 billion with'$14.6 billion, or
59 percent, the Federal share.

"One projection provides what may.be considered a
minimal level for 1980 R&D expenditures. An examina®
tion of recent trends in Federal and non-Federal funding
of research and development was made to determine the
distribution of such support by the end of the 1968 to
1980 period. Federal support for research and develop-
ment was.obtained by using the saine compound annual
growth rate estimated for the growth in GNP between
1968 and 1980, i.e., 4.4 percent. This rate of growth for
Federal funding would reverse. the trend of the 1966-70
period, (1.4 percent annual decrease), described in the
preceding paragraph, but would fall considerably short
of the 195366 rate of increase (11 percent))The distri-
bution of Federal R&D support by sector in 1980 was
assumed to be broportionately. the same as in 1968,

The rate of increase for non-Federal industry and
nonprofit organization funds was based on 1962-67 and
1962-66 trend lines respectively, for which data exist.
These annual growth rates were 7.6 percent for indus-
try’s own funds, 8.4 percent for nonprofit’s own funds,
and 5.7 percent for other industry support of nonprofit-

‘organizatigns. . Academic R&D support .was based on

maintaining the same growth rate relationship as Federal
R&D support to this sector, namély 4.4 percent.

’ The assumptions 'a_béve prédude a projectad level of
in 1980 (1968

prices). (See table C-3.) Assuming that Ph.D. scientists -
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 medicare, and highways,
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and engineers will continue to be employed in the same
relationship to R&D dollars in 1980 as in 1963, their
utilization by sector can be estimated, as shown in table
C-4. The estimated 48.4 billion R&D dollars produces a
utilization of over 133,000 doctorates in R&D aciivities

by 1980.

Table C-3,~TOTAL.R&D AND FEDERAL R&D EXPENDI-
TURES, 1968 AND PROJECTED TO 1980, BY SECTOR
(Billions of constant 1968 dollars)

Séctor . 1968 . 1980
Amount|Percent| Amount Percen:
Total R&D performance . .. 8249 | 1000 5484 100.0
Federal Government.......[" 35| 1411 591 123 ‘
Industry .. ., .. I 17.1 68.6 35.1-1" 72.5
Universities and colleges . . ., 2.6 10.6 4.4 9.2
FFRDC’s (asspciated ‘with -
universities)? e 7 29 1.2- 2.5
Other nonprofit institutions . . .9 38 1.8 38
Federal R&D by performer | $14.6 | 100.0 | 524.4 | 100.0
Federal Government”. -, . ... 3.5 241 59 241
Industry ....... . S 8.3 )-568 13.9 56.8 .
Universities and colleges . .. ., 1.5 16.0 24 10.0
FFRDC’s (associated with - L
universities)® ... 7 4.9 1.2 | . 49
Other nonprofit institutions . .| .6 4.2 1.0. 4.2
‘ Federal R&D as percent of
JtoralR&D ..., ..., .. .. 58.6 504,
Federal R&D as percent of ' )
administrative budger® | | IR/ ii.o
Total R&D as percent of GNP 29 2.4
. N = = = =z =

a Federally Funded Research and Deve—lopfnent Centers.

b Excludes. trust funds, such ss ‘those for social ‘security,



nonprofit and other, $250,000 per Ph.D.).

Table C-4.~UTILIZATION OF PH.D.'s IN RESEARCH AND
‘ DEVELOPMENT, 1968 and 1980 '

Ph. D 5 in R&.D
Sector (000)
1968 1980
Total ................. 71.5 1334
. 3 — — - — e R

University and colleges . ... .. 25.7 43.8
Private industey . .......... 304 62.4
Government .............. 9.0 151
Nonprof’t am:l other ....... 64 121

T Inciudes FFRDC's associated with universities and colleges.
Note: The projection of R&D expenditures for 1980 s given

in appendix table C-3. The projection of Ph.D.’s in R&D assumes
that the ratio of expenditures to Ph.D.'s remains constant: (1968
“ratios are as follows: universities and colleges, $101,200;
industry, $562,500; Federal Government, $388,900; and

. : ' - : o
Projected Utilization of Doctorates in Teaching in 1980

As in 1968, teaching faculty in universities and col-
leges are expected to constitute the largest single type

- (activity within sector) of Ph.D. employment in 1980. A

projection of the utilization of doctorates in teaching
was prepared using pro_]ectlons of enrollment in institu-
tions of higher ed. cation made by the Office of Educa-
tion.. Total degree-«:redlt enrollment is_expected to
increase nearly 60 percent between a’?aderﬁib years
1967-68 and 1979-80. Assuming no changerin teaching

faculty Ph.D./student ratios, there would be a utilization

of about 86,000 science doctorates in teaching in higher -

educatnon institutions. (See table C-5.) This estimate of
utilization for academic teaching is probably minimal in
that it does not take into account the differential in-
creases in enrollments in upper division and graduate
courses for science.and engineering majors, where most

- science instruction will be found. Miscellaneous teachmg

and related requlrements in othex; sectors will utilize
- another 2,000 doctorates.
) Taﬂe C-3.—PROJECTED UTILIZATION OF PH.D.’s lN
TEACHING ACTIVITIES IN UNIVERSITIES AND |
COLLEGES, 1988 C -

- S (000)
- . Teachmg staff
. Total degree-credit = 1 :
Acaﬂ?m"_‘ year ’ enrollment Total | Ph.D.’s
R K0
I666T oo 5,885 1123 | 504
196768 ......c.5.0inn 6,348 1211 54.4
1979-80 ....... s 10,059 | 1921 86.3
Qo .
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Utilization of Ph.D.’s in Other Activities in 1980

As noted -in table A-3, appendix A, an estimated 14

peftent of science Ph.D.’s were engaged in non-R&D and
nonteaching activities in 1968. They are admmlstrators
in the universities and colleges,_ directors of scientific
laboratories in industry and govemment technical sales
representatlves in.irdustry, program momtors in govern-
ment, and consultants-for the most part. The use of
doctorates in such ao:tzwnes is certain to expand by
1980.

Data from the National Register shows that the pro-
portion of science doctorates.in several ‘selected fields
{chemistry, physics, mathematics, biology, and psychol-
ogy) combined engaged in actjvities other than research
and development and teaching increased by 5 percentage
points beiween 1960 and 1968 (from 14 to 19 percent).

The Register does not cover engineers and, information
about other fields of science is not available for early
years. Lacking a more sound basis for projection, the
utilization of doctorates in “other” activities has been
extrapolated at the rate of growth indicated for the

selected fields in the Register. Thus, the proportion in -

other activities would rise to about 20 percent b‘y 1980.
At this level, utilization in other activities would aimount
to 55 DDO 4

Method 1I

In Method 1 a: distinction was made between doctor-
ate holders in colleges and universities who are engaged

~-in teaching and those performing researck and develop-.

ment. The former was projected on the basis of rotal
college and iiniversity énrollments, the latter on the basis
of total national support of research and development. A
differerit approach: can be considered because:

(1) It is difficult to distinguish between the
educational and noneducatlonal aspects of
research in academic’ institutions, especially at
the graduate level. Thus, the magnitude of faculty

activities in both research and teaching is likely to_

depend strongly on educational reqmrements
. that is, on enrollments.

 (2) Higher education iz not homogeneous with
- respect to eithér type of institution or level of
" instruction. Projections should be based on the

charactenstnc growth rates of dlfferent classes
(3) Federal
differ in their rate of growth from that of research
"and development as a whole. ff’"

o7

engineering, or of grsduate educiatlon may well '

o
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The rmtzal proHe.ﬁ is to estrmete A subsrdlary Cclasses

- follows:

‘Accordingly, an alternate method-of projection can be

used, one that distinguishes primarily between academic
and nonacademic utilization, Treatment of the academic
portion is based on a central assumption:

, Prgjeetib'ns of college and university student enroll-
ments imply projections of faculty wutilization. Pro-
jections, however, can appropriately be made only

for more or less homogenenus stbclasses within the
academic sector. . .

The 1963 Academu; Dlstrlbutmn
The total number of science and engineering dqe;cr-

ates in 11.8. colleges and universities on Janaury 1, 1968
is estimated in appendix A, table A-l, to be

i1 87.000 Ph.D.s

within this total. Five such classes have been chosen as

Graduate Faculty—Full-Time: Separate faculties have

not developed for the graduate ‘and undergraduate divi-

sions in U.S. colieges and universities. Nevertheless an -

operational definition is available: ,

. all individuals of academic rank of instructor
or above who are significantly involved in the
acaderic graduate program (i.e., teaching one or
more graduate coursés or seminars and/or
direeting research of one or more. graduate
students). o !

3 *

The full time component of this group is taken to be the
fitst class. This definition has been used for the collec-

tien of departmental data by the NSF Graduate Trainee-

ship Program. From. these data the graduate student/
graduate faculty ratio for full-time stuidents and faculty

. can be computed for the sciences and engineering. The

average value of thrs ratio has been taken- to be-an invari-
ant for thrs exercise:
20 314

If this ratio is applied to the full-time and the'

fuli-time-equivalent (FTE) of part-time graduate -

studerits in science and engineering for the fall of 1967:

| . * : - . . .
A - Full-time .:...... 135,300
Part-time (FTE).. 29,700
{3) Total FTE....... 165,000

24

- - (8)

-and development and teaching. |
Other 4-Year Faculty: Ot&rer facu!ty members in *

The full-time equivalent of part time is computed as
one-third of the part-time enrollments, Thus, the total
full-time graduate faculty becomes: ’

4) - 52,600

It is estimated “thet the percentage of this faculty who

hold the doctorate is: <
{(8) = 85 percent

Hence this class is estizﬁated to contain:

) 4‘4,700?11.1;.*5: T,

Graduate Fa eulty Dther In addition to the full- time
graduate. faeulty there are (a) part-time graduate faculty

who meet the ‘definition above and (b) nonteaching or -
research faculty whe constitute part of the total environ-,
‘ment of graduate cducation. From the departmental

data of the NSF Graduate Traineeship Program the sum

of these two-groups may be compared with the full-time
graduate faculty. The ratio has the average value:

7y  0.268

Applying this ratio to the full-timé graduate faculty (4)

and using the same percentage (5) for thase holding
doctorates, it is estimated that this class contamns:

12,000 Ph.D.s

- It .should-be noted that the total graduate faculty, repre-

sented by the two classes above, constitutes nearly two-
thirds of the total academic u{rllzatron of doctoratee
(87,000) and is substantially. e/’rgaged in both researeh

4:year . colleges” and -universities in science and engineer-
ing who do not meet the graduate faculty definitions
above can be estimated as a balancing figure obtained by
subtracting from the estimated. total academic doctor-

as ejtimated belmv The result is:

ate}(l) the sum of {6), (8), (12) and (13) the last two

- !
: , }

{9} 20,500 Ph.DSs

These persons are largely to be found in institutions that

award the baccalaureate or master's degred as the highest

degree. From sampling.and from NSF survey data it is

- estimated that this grou:) constitutes about 50 percent .
~ of the cerrespendmg nﬂngreduate faculty in science and

engmeermg .

2’8



2-Year Faculty: From unpubhshed tabulatlens of the”
‘American Asseuatmn of Junior Colleges for academic
year 1968- 69, adjusted on the basis of the ratio of en-
rollments in the fall of 1967 todhose in the fall of 1968,
it is estimated that on January 1, 1968 the science and
engineering faculties in 2-year community and vocation-
al colleges totaled: '

(10) 22,600 -

"and that of these the percentage holding the doctorate
was -
‘ {11), 8.12 percent

Applying (11) fo (10) ll is estimated that this class
contams

{(12) 1,800 Ph.D.’s

Postdoctorals: Only an approkimate estimate of these
doctorate holders, associated with graduate depariments
in science and engineering, is currently available from
preliminary statistical data from.a study being con-

duct‘ed under the National ~cademy -of Sciences- -

Natlenal Research Coungcil:
(13) 8,000 Ph.D.’s

Thesg’ f“ve classes and the parameters used in computing
class memberships form the basis for projecting academic

doctorate utilization in 1980, The 1968 distribution for .

both the academic and nonacademic  sectors is
summarized in table C-6. The distribution for the latter is
_the same.as that adcpted for Method I. (See table C-2. Do

Table C-6.~BASIC PROJECTION OF UTILIZATION OF 1980
 PH.D. SCIENTISTS AND ENGINEERS (METHOD 1)

(ODO)
- Ph:D. sﬁentisls and engineers’ : 1968 19,39
7 A Basic
I ) S Lo _1a70 | 3007
B L 870 | 1765
Graduate faculty —full-time ... ... 44, 7 100.3 -
Graduate faculty—other ........ 1. 120 - 269
Other 4-year faculty ........... 20.5. ] 30.7
Z.year faculty .. ... ... ... ... - . 1.8, 34
Postdoctorals ........i....... | 80 | = 152
NQHECBdEmIG ..... R . 60.0 124.2
Rusearch and develapment P 45.7 | 87.0
Teaching . ........... ....... 1.3 2.0
Cthe:e - 13.0 - 35.2

E lC | -

L - - ;

Projection of 1980 Academic Utilization

The situation that can be anticipated for January 1,
1980, a “basic”.projection, is estimaied from the 1968-
distribution, and student enrollment projections of the
Office of Education to the fall of 1977, extrapoiated to
the fall of 1979 by NSF. In general, a conservative pro-
jection is obtained by holding certain paramieters con-
stant where only one estimated or computed value is

- available, even though it can be judged on qualitative

gfounds that changes may occur prior to 1980 that
would increase the projected totals. '

Graduate Faculty—Full-Time: Following the proce-

" dure shove it is necessary to estimate the FTE graduate
enrollments fbr the fall of 1979. Total graduate enroll-

ments in all ﬁplds are pru_]eeted to be

\\1  (14) 1,397,000

S

The perceritage graduate enrollments in the sciences
and engineering varied during the 8-year period between
1960 and 19 from' 32.6 to 34.3 percent. No clear
trep =%hibited; hence the average value is chosen and
aseumed to per51st to the fall of 1979: ]
(1 5) 33.6 percent,

Applying (15} to (14) the vp_rpjeetifm of graduate enroll- -

ments in science and engineering becomes:
. . )

(18) 469,400

To comipute the FTE enroliments it is necessary to esti-

.mate the full-time percentage for the fall of 1979. This

percentage has demonstrated a clearly rising trend.from -
1960 to 1967. The corresponding ratio of FTE to total

enrollments was projected to fall 1979 by a least ~uares

computation. However, because of the detailed bo..avior
of this ratio.during the 1960-67 time period, it cannot

- be concluded’ conservatively that this projected value
will prevail. Hence ‘the average of this value and that for -
- the fall Dt:/l/Qé‘] has.been adopted

(17) - O 789

If this ﬁgure is applied to (16), and thé student- -faculty

ratio (2) and the estimated doctorate percentage (5) are

v‘assumed to remain constant, the full-time graduate .
faculty with doctorates in 1980 becoimes: =

. “(
(18)° 100,300 Ph.D.s
g 25
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_the fall of 1967is:

Graduate Faculty—Other: If the ratio (7) of this
group to the full-time graduate faculty with doctorates is

- applied to (18), that is, retaining the same doctorate
percentage’ (5), the projected number in this class be- .

comes:

(19) 26,900 Ph.D.’s

Other 4-Year Faculty: The ratio of total projected
undergraduate enroliments in the fall of 1979 to that in
the fali of 1967 is: ) :

(20} 6,864 000/4,584,000=1.50

If this ratio is appliéd to the 1968 total of doctorates ifi

: tl}és class (9), the projected total for 1980 becomes:

(21) 30,700 Ph.D.’s

Since this class of faculty members relates. to the total _
undergraduate involvement in science and e—_ﬁgineering, ‘

the projection (21) assumes that the pattern of this

involvement will not change. It is further assurried that .
the pe:centage of this class holding the doctorate will .

remain constant.

" 2-Yeéar Faculty: The ratio of total brojected enroll- -

ments in 2-year institutions in the fall of 1979 1o that in

—=—(22) - 2,014,000/1,075,000=1 87

If this ratio isﬁégplied to the 1968 total of doctorates

- {12) the projected total for 1980 becomes:

(23) 3,400 Ph.D’s -

i 5

Tﬁesame comments apply for those for Other 4-Year

Faculty abova, o
Postdoctorals: “There is no clear basis for projecting

the “total number of postdoctoral students, since the

number is closely related to the: support of academic-

research and development. The ratio of projected - full-
time graduate faculty for 1980 (18) to that for 1968 {(6)

18:
(24) 224 y,

The corresponding ratio for doctorates engaged in non-

academic research and development (discussion below).

is: ‘

25) 190 _ o

26

computed for 1980 to be:

A conservative projection may, therefore, be obtained
by applying the latfer ratio to the 1968 total (13):
- {286) 15,200 Ph.D’s
The projected totals for . these five classes, obtained -
above, are summarized as the “1980 Basic” projection in
table C-6. . ' _ :

Projection of 1980 Nonacademic Utilization

As in appendix A, the nonacademic utilization is con-
sidered to consist of three parts: research and develop-
ment, teaching, and other (consulting, administration,

efc.). The following projections provide an alternate to

~ those in Method 1.

Research and Development: This projection is based
upon three principal types of nonacademic R&D, fund-
ing, each subject to distinctive, though not unrelated,
motivations and pressures: (a) non-Federal funding in
industry, determined'principally by economic Eons:idera-

- t'icm.s; (b) non-Federal funding in nonprofit organiza-

tions, determined by various considerations; and: (c)
Federal funding in the nonacademic sector, determined

- principally by political considerations. In all three cases

an attempt has been made to relate expenditures to the

~ GNP. The latter js assumed to grow in constant dollars

with an average annual increase of 4.4 percent. In the

" following tables ratios were computed in current doilars

through 1968. The GNP in constant (1968) doliars is

(27)  $144kx10'? ;

Doctorates in each subdivision engaged in research and

development (indusiry and nonprofit orginizations)
were divided into those supported by Federal or non-

“Federal funding in proportion to the respective R&D

expenditure in 1968. Projections to 1980 are hased -on

- the percentage increases between 1968 and 1980 in com-
“puted R&D expenditures. It has thus been assumed that

R&D expenditures (in constant dollars) per doctorate in
the nonacademic sector will remain constant. .
Industry~Non-Federal Funding: The ratio of indus-
try funded research and development to GNP for ‘the
period from 1956 to 1968 inclusive was used as the basis
for a least squares projection to 1980. The industry
funded doctorates in research and development in 1968

are estimated to be: ' - ‘
(28) 15,700 Ph.D.’s - S

1

The corresponding 1980 figure becomes:

(29) 33,100 Ph.D.'s

30



Nonprofit Organizations—Non-Federul
Similarly, the ratio of nonfederally funded research and

development to GNP for the period from 1956 to 1968

~inclusive was used as the basis for a least squares compu-
tation. The number of doctorates corresponding to this
funding in 1968 is estimated to be:
~ (30) 1 200 Ph.D.s
The computed 1980 total becnmes
(31} 3,200Ph.D.s

Nonacademic—Federal .Funding: The ratio of Federal

R&D funding in academic organizations to the Fed--

eral administrative budget and the ratio of the adminis-
trative budget to GNP were compwted for the period
1956 to 1968. The former increased until 1965 and then
- decreased; no trend is available for projection to 1980,
and/the average of the valugs (0.103) for the 13 years is

assumed to be representative of the situation in the .

future. The ratio of the Federal administrative budget to
GNP remained substantially constant over the 1956-69
period, and again the average (0.155) is used..The
fiumber of doctorates in. research and development, sup-
‘ported by Federal funding in the nanacademxc sector’iil
1968, is estimated tc be:

(32). 28,000 Ph.D’s
The correspondmg 1980 figure is:

(33) 50,700 Ph.D

Funding: .

The total nonacademic R&D utilization in 1980 is thus
projected to be the sum of (29, (31), and (33) of*

(34)  87,000Ph.D’s

Teaching: No n}odiﬁéatign of Method I is proposed.
The 1968 total has been estimated (table C-2).to be:

(35) 1,300 Ph.Ds

The 1980 prﬁjectim‘; is:

(36) 2,000 Ph.D.’s

 Other Activities: - Again no modification of the
procedure of Method I or the estimate for 1968 (appendix
A) is proposed. It is necessary, however, 10 compute a
figure for 1980 to correspond to the .R&D ‘total (34).
From Method I this valuefTonsideréd as a percentage of '
ncnacademxc R&D utilization, may be computed:

, (37) 40.5 percent

The correspondmg total numbers of doctorates angaged
in, “other” activities in the two years becomes:
{38} 1968: 13,000 Ph.D.’s
. (39)  '1980: 35,200 Ph.D.’s

In table C-6 the 1968. distribution and the projected

1980 “Basic™ distribution are summarized. The pro-
jected 1980 basic utilization figure of 301,000 doctorates

_in science and engineering is, however, and as noted.pre-
~viewsly, gzontfqlled by ratios and parameters prevallmg

dur}{lg anchgnoii to 1968.
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Introduction and Summary

The projections disc.ussed in appendix C are conserva-
tive in the sense that (a) generally no changes are pre-
supposed in the proportions of Ph.D. involvement in
either the academic or nonacademic sectors, and (d)
rates of growth are based on either long-time established
trends, or when these were lacking, most recent trends,
even if these were lower than those previously experi-

enced. There are, however, several changes that represent.

existing pressures to increase utilization and that are in-
herently desirable at \he present stage cf development of
American society. Three types of modifications form the

subject of this appendix. They concern (2) the level of

R&D- expénditures in an expanding and technologically
complex economy, (b) the characteristics and quality of
the faculty'm institutions of  higher education as the
proportion of the population seeking such education in-
creases, and (c) the use made by society generally of the
skills, knowledge, and experience of those who have suc-
cessfully achieved the highest levels of advanced educa-
tion. ‘

The basic R&D utilization pmjections in appendix C
for both Method I'and II were assumed to be consérva-
tive in nature. However, it appears entirely appropriate
to consider a return during the next decade t6 aTate of
growth, especially for Federal R&D funding, more
comparable with that of the past. The growing techno-

"logical content of modern life and its increasing depend- -
nce upon scientific accomplishment, continually éx-
panding. international competition' in both scientific -

»activity and téchnology-based‘ commerce, and ever-

increasing awareness of R&D needs and Dpportunmes'

for contributions to the national health, security, and

" quality of life all point to potentially higher R&D levels.

B
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* APPENDIX D
Possible Modifications
pf Utilization Patterns

Improvement in Facuify Ph.D. Utilization

In two rzcent studies, one conducted by NSF and one
by Allan M. Cartter for'the American Council on Educa-
tion,' the common conclusion was reached that a short-

- age currently prevails with respect to the supply of

doctorates available to institutions of higher education,
and that this shortage would be relieved after the mid- _
1970%. This shortage is reflected in the Ph.D. [faculty or
Ph.D. faculty/enrollment ratios characteristic at all levels
of the higher educational process in 1968, and inherent
to both Method I and II utilization projections. To im-
prove the quality of the edugatlonal)experlence of an
estimated 11 million students enrolled in colleges and
universities in 1980, it is appropn? e to modify the basic
projections of Method'1 and 1 by a reasonable growth in
these percentages. One way in which this growth can be
expected to occur is seen in the fict that the two areas
reiovant to this study that have presently the lowest per-
centages of faculty holding the doctorate, numely;
mathematics and engineering, also have the highest re-
cent "and pr0]ect3d rates of increase in doctorate pro-
ductlcm

®

Broadening the Scope of Ph.D. AUtglizatiaﬁ

Apart from ‘the traditional areas of teaching and re-
search and. develﬁpment am increasing numbér of doc-

torates is being employed in a variety of activities. These

include. administration and management, especially in
gc:'veinme,nt and industry, technical consulting, . cor-

%0

- National Science Foundation, Séience and Engmeermg Staff .
in Universities and Colleges, 1965-75 (NSF 67-11) (Washington,
D.C. 20302: Supt: of Documents, U.5. Government Printing
‘Office), 1967 .and A. M. Cartter, Future Faculty Needs and~"
Resources background papers of participants, 49th -Annual
Meeting, American Council on Education (Washington, D.CYH,
Qctaber 1966, :
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porate planning, technical marketing, design and manu-
facturing engineering, and others, as well as a growing
number of tasks involving especially the social sciences.

This trend is due not only to subject matter specialtics -

but also to the discipline and habits of mind developed
over a numher of years of demanding apprenticeship.

The trend can be expected to continue. Altliough pro-

vision for such “other” utilization and its growth was
intluded in the basic projections.of Methods T and II,'the
amount of such growth was based on the growth experi-
enced during the tight supply situation of the 1960s and
noted above in connectlon w1th the utilization of Ph.D.’s
on faculties.

For these reasons certain essential modifications to
the basic projections are proposed as leading fo more’

realistic projections for 1980. If these are computed as
shown below, the following possible Ph.D. utilization
numbers develop. :

Tﬂble D-1.-1980-MODIFIED UTILIZATION PROJECTION

OF PH.D.’s
(000§
Type of moditication Method Method 11

I. No modification R

(basic_projectionis) ............ L2797 ... 301 -
2. Larger increase in R&D . .......| /347" 337 .
3. Increase in faculty Ph.D. :

percenfage .................. 300 334
4, Increase In ratio Df' dgctc;s[ates in t -

-other actvvltlas/mtal - ,a; .

doctorates from .20 to 25 N 296 L 310
TS 2%3 il R [ 365 370

6. 2+4 L i easaadaa | 365 349

7344 ..o 320 343
8. 2+3+4 ......... T 383

Method | Madnfncatlans

Fﬁecuvery of Rates of Grnwth of R&D
- Expenditures and Dactarates Utilized

An alternative pIQ_]ECtlDE! of expenditures for R&D
activities provides another pass;ble level of utilization of
science ‘and engineering doctorates in 1980. The pro-
_]BGtIDD ad()pted fDr Methad I (appandlx C) termed a
- of $48 .4 billion and over 1333000 doctorates in 19805
If it is assumed that the present plateau of Federal

funding of research and development is temporary and -

that non-Federal fuﬁdmg will continue to increase at re-
cent growth rates;, a considerably higher level ‘of R&D
effort would be pI'DJECted for 1980. These assumptions
include the foll/wmg that Federal financing would re-

turn to the annual increases of the 1953-66 magmtude (a

./y

compound rate of 10 percent for the period- 1970-'80);:’

that private industry’s own funds would be extrapolated

- at about 9 percent, based -on recent growth rates; that ~

the increase in R&D conducied.in the academic sector is
proportionate to the increase in Federal funding be-

tween 1970 and 1980;and that the 1966 relationship of *

59 percent Feders' funding and 41 percent non- -Federal
~would by 1980 be changed to 55 and 45 percent, respéc-
tively Thls projection would produce a level of iotal re-

search and development of $63.6 billion (1968 pricesyin 7

1980. Again, 4®uming a constant relationship’ of R&D
dolars to doctorates, a utilization of over 185,000
doctorates in research and  development - would be
achieved—52,000 more doctorates than for the basic
-projection in Method I. Table D-2 shows the settoral dis-
tribution of R&D-dollars and. doctorates for thls alter-
native projection of R&D effort.. -

Since the number utilized in “other’
assumed to be a constant proportion of those in.research
and development and teaching, this alternative projec-
tion of R&D utilizatioh would also result in an increase
Df 13,000 doctorates in other activities.

Table D-2.—MODIFIED PROJECTED UTILIZATION OF
PH.D.’s IN RESEARCH AND DEVELOPMENT IN 1980

+

activities was’

1980 R&D ° 1980 PhD’
Expenditures _in R&D
Sector . |, Billions B )
$ of dollars” Percent | (000) }Percent

.Total .... i $63.6 100.0°] . 185.5 100.0
Universities and colleges| - 6.8 | - 146 67.2 36.2.
Private industry ......J "43.4 68.2 772 416
Government . ........ 9.3.] 106 "239)| . 129
Ncnprcrt and other™ . .43 | . 6. 6 172] 9.3

2 Constant 1968 dollars. .
Y heludes FERDC's awouated with universities and colleges.
‘ Note: The pm]cctmn of Ph.D.’s in research and developmient

assumes that the ratio of expenditures to Ph.D.s remains
constant: (1968 -ratios are a::. follows Lll"l!VEl"iltleS and cnllegss,

~and nonpmflt and other, $250 D,OD per Ph.D. ) Lo

Teaching Doctorates |
-As inditated in Method Iof appendlx C the pr()]ec-
tion of the utilization of doctorates in teaching was
considered as minimal in that the relationships of faculty
doctorates to enrollmants was not assumed. to improve
and that differential increases in enrollments (partlcular-

ly upper -division and graduate) were not taken into

account o . :
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v ihe case of the first relationships, a more optimis-
D0 less conscervative assumptidn, is perhaps more rea-
e an assumption to make for the end of the next
decade. There are considerable grounds for the belief
thist lrnpa’\?\fczﬂuﬁt in the proportion of teaching faculty
: octoraios was not possible in past years because of
the cosirictions on supply and competition froam nonaca-

demic employment. The growth in academic science and

cngineoring n (2rms of enrollments, degrees, and sup-
yort {from 211 sources) points to a likelihood that im-
avement in the proportion of teaching faculty with
siorates is desirable and will be possible in the 1970%s.
Applying simito ¢ assumptlions as to possible changes
i the percentage of faculty with doctorates, as used in
the modification of Method I projections, a ¢hange in
~verall proportions of science and  engincering
¢s can be obtained. The overall percentage (that is
considering all classes combined—graduate faculty, other
2-vear faculty, etc.) was assumed to in-

g
IR

the

Govear faculty.

crease irom 45 to 54 percent. If this increase is applied
the

estimates of utilization of doctorates in
and colleges given in appendix C

1o 'DJ'\!

reitiog

8{: 000

{ab.ut
wauld be Uiulde i1

1 this roanner in 1980.
As the case uf the modified projection of R&D

levels in 19&5‘.@. the estimated number of doctorates in-
volved in activities other than teaching and research and
development would also ahanize with the adjustment of
utilization in teaching. This increade in teaching activities
would there hn. involve an-increase of 5,000 dcwtorat,es
LiCs. !

i

ini other activi

Doctorates in Other Activities -

In Method I of appendix C (page 23), the utilization -

of doctorates in activities other than teacizing and re-
sezrch and development was projected to increasé’ from

“then an additional 18,000 déctcratcs:

" change under

about 14 to 20 percent of the total numbers of avallable
Ph.D.s. ‘This rise was extrapolated on the basjs of se-
fected data for the 196() to 1968 pengd However past'

been deELtEd by the shéort supply of avallable doctm‘-

ates, and competltlon from teaching requirements to |
. meet the increase in earollments and from national R&D

efforts. Furthermore, the engagement of doctorates in
activities other thdn teachmg and research and develop-

 _career mvolvemsnt fm th_ese personnel It,ls lxkely that

doctorates will in&reasing}y move into and create oppor-
tunities 1n"‘other activities. ' '

If instead of a rise to 20 percent, as many as 25 per- :

cent of the doctorates were to be found in careers not
related to teachmg or research and devélopment, an ad-

ditional 19,000 doctorates: would be involved on the .

basis of the basic projections of research and develop-
ment and teaching developed by Method I (appendix C).
If the ratio of 25 perceént is assumed-on the basis of the
modifications in research and development and teaf‘hmg

. utilizations as outlined abave the numbers of doctorates

in other activities would increase by 36,000and 25,000,
respectively. If the ratio of 25 percent is assumed for

—both adjustments combined, an additional 42,000 doc-

torates would bé utilized-in" ather activities. A summary
of the modifications to the basic utilization in 1980

= under Method Iis shown irr table D 3

In 1968 nearly 60 percent of all doctorate qc,‘.lentlsts
and engineers were in univérsities and culleges This con-
centration of doctorate employment would cbviously
the various modified utilization patterns
indicated above, ranging from a low of 56 percent under_

7.

- -~

Table D- 3 _~SUMMARY OF MODIFICATIONS TO BASIC 1980 UTILIZATIDN

{METHOD I) . . : :
(000) ' ) . o .
Type of modification Total R&D - Teaching:- Other ~ )
1. No modification (basic prcj:;c;ticmﬁ) e 277 . 133 88 55 = i
2. L:u'ger increase in R&D ... .. ... n . 342 186 88 69 | .
- 3. Increase in faculty Ph.D. percentage c e 300 133 107 60 . . Co
4. Increase in ratio of doctorates : : .
it: othet activities/total . ’ &
doctorates from .20t0 .25, 7.4 . . ..ol 296 133 88 74
T S S I -1 < 186 107 73 .
G, 2H4d ot i 365 . 186" - 88 n 91
r TR - S U 320 133 107 -~ | 80
B, 2+ 349 1 s e 389 186 107 97 !
Aete: Detail may not add to totals because of rounding. . . ) 7 -

2

i

types 2 and 6 to a high of 62 percent under types 3 and -

e
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Method Il Modifications

2o

The three principal modifications, discussed above,
that can be deemed improvements to the situation that
existed in 1968 also imply increased ut:hzat:on in 1980
under the Method IT appmach

1

Increased Ph.D.-to-Faculty Ratios

The total **basic™
appendix C, was strongly influenced by the estimated
percentages of the faculties of the several types con-
sidered who possessed doctorates. These percentages are
summarized below, together with adjusted percentage:
that can realistically be anticipated for 1980, providing
sufficient doctorates are available to this sector .of the
market for doctorates:

_ Ph.D. percent  Increase in

P === wutilization
1968 1980 (000)
Total ..... ... c.cuan-n +33.7
Graduate facalty: .
Full-time ....... . ... ...... 85 95 +11.7
-Graduate faculty: - '
} Other .. ...... 0wt 85 . 95 +3.1
,Other 4-year- . " b
Faculty .........c........ 050 275 +15.4
Z-yéar.faculty e 8 ‘16 +3.5

G

e TER

Aruitoxt provided by Eic: -

Equlvalent to 5D-percent increase in Ph.D. percent or in
number of Ph.D:'s. :

- Equwalent to 100- per;:ent increase in Ph.D. percent or in-

‘number of Ph.D.’s.

This modification to the 1980 projection 13 independent

" of other adjustments and is applied directly to_ the aca-

demlc ut:hzatmn in table C-6.

Recovery of R&D Growth Rate

The projection of nonacademic R&D utilization in

~ appendix C (Method II) was based on least squares com-

putatloﬁs of* ratios. Qf' R&D eXpendlturas to the GNP for

,ﬂyenéed by_the dec}:ne dunng recent years in Federal:

_support of R&D. It can be assumied, as an alternative,

that the Federal limitation is temporary, that evolving
national geals will require increased appropriations for
research and development, and that growthrates will re-
Aahas 10 the Ievels experienced derg the earlier period.

»

™
-
-

academic utilization, projected. in

To form estimates of the effect of this recovery in 1980
the same procedure has been used as that in Method I.
However, in order to discount the past few years, the
time period chosen for the least squares computations is ~
from 1953 (the "eginning~of reliable time series data) ta

) 1966 mcluswe The results are as follows:

1980 1880 Incregse in
bacic  adjusted  utilization
{000}
o Total L...oi..o 0ol 87.0 109.2 22.2
Industry: non-Federal -
funding . ... ...er-ce-.. 331 35.2° 2.1
Nonprofit: non-Federal ' . -
funding .. .....:c...0.00.. 3.2 3.2 -
.Federally funded:
nonacademic’ ........... 50.7 70.8 20.1

Again this modification to the 1980 projection is inde-
pendent of other adjustments and is applied directly to

the nonacademlc ut:hzat:on in table C-6.

“Dther - Ut}lzat!on

On the basis Gf mfofmanﬁn available for thre 1960%s it
was estimated for Methgd I that 20 percent of the total
utilization of doctorates in 1980 would be in occupa-
tions irivolving other than reséarch and development and

-teaching. To ‘apply this to the nonacademic sector re-

COurse was ‘made to the ratio of nonacademic “ather”
research and development in the Method I basic pl’D_]EC=
tions and applying this ratio to-the Method II R&D:pro-

- jection. “Other” utilization, within -the purview of this

analysis, thus becomes a function of research and devel-
opment: Two types of adjustments will be made: (a) one -
corresponding to the unadjusted- R&D- utilization but,
assuming an increase in “‘other” utilization amounting,
in total, to an increase from 20 to 25 percent, hence

recognizing for this type of utilization continually in-

creasing opportunity, and (b)an adjustment of the same
percentage applied to the adjusted R&D level; the: adjust-
ment from 20 to 25 percent is made simply by an
increase of 25 percent in each case. The results are:

' "ff)th er” corresponding to;

“Other” as percent of 1980 1980
total utilization basicR&D  adjusted R&D
(000)
20 - 352 49.0
25 . - 441 61.3
Increase in utilization 8.9 26.1

Since this modification of the basic projection is con-
cerned with ‘“‘other” utilization, the “automatic™ in-
crease due solely to R&D adjustment will not be sepa-

-
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rately shcwn, but‘wdl be included w1th the latter in the " Table D-4.~3UMMARY OF MODIFICATIONS TO BASIC 1980

summary in table T D4, ] . . "UTILIZATION (METHQD 1)
. E ’ (000)

- —
Non-
academlc

It is of interest’to note that in 1968 approximately ~ Type of modification Total | Academic

60 percent of the science and engineering doctorates
were in academic institutions; the corresponding per-

1. No medification (basic o
Projections . ............ 301 177 124

cenfages for the alternatives in table D~ are: ] )
i : . L 2. Increase in ratio of dDLthates
in other activities/total
Percent . docmfiates from .20 to .25 310 177 133
1 59 s . 3. Increase in faculty Ph.D. K ) -
I Peo 3 ' ) percentage .............| 334 ij’i@ 124-
‘ 2. 57 : 4. Larger increase in nonacademic
A 3. 63 : : “R&D ...l | 337 177 160
4. 53 5.2+3......... el L. |43 210 133
5. 61 2 T el A IR
6 51 7. 370 210 160
, ’ 8. 383 210 173
. 7. 57 . - - — —
- 8. 55 . Nore: Detail may not add to totals because of rounding.
Y
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publication jn preparanon .
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1967.
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Sprmg 1963 OE-53022-63. 1966.
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Natmnal "Academy .of Sciences-National Re:;ea:eh Council,
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Publication 1142, Washington, D.C., 1963. -
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' 1958-66, Publication 1489, Washington, D.C., 1967.

———, Summary Report 1967, Dactorate Recipien{s From

- United States Universities, QSP -RD-1, Washmgtoh, DC May -
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: 1293, Washington, D.C., 1965.
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-Secand Report on Follow:up of Doctorate Cokorts, 1935-1 960

Publication 1577, Washmglcm D.C., 1968.
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CDﬁlmiSSi()ii on jluman Resource. Iand .Advanced Training,
America’s Resources of Specialized Tqlent, A Current Appraisal
and Look Ahead, Wew York: Harper and Brothers, 1954,
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