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INTRODUCTION. 0-

_ .. .
Why, is it important to assess whtther -supply and demandare or will be in-

fairly good balance over' some period in the future? This kirld of information is

helpful to young people-trying 'to plan their educations_toward particular careers;, to

scientists and engineers already at, work, in-the labor} force who nekd to knowwhere
"Y

chtinges in 'balance are likely to 'ciccur; to co.) 1 ege's and universities and other training
.

. . . . .institutions; anti to the employers Of' sci-entists and engineers."
l,

1 ' ,
N In A.,

\. . Young people thinking about career goals waitt -to' know.whether there are .1 ikely ;

to be opportunities in science" ind engVeering fields :ands, in general, what areas of .
, v

science or engineering are most likely' to need significant nAbers of new entrants. ,6
, rp i-

, $ . .

While no one would advise young people to. choote, career solely on the b4sis of .its

i

.
- . .\

apparent job opportunities .at any,pai-ticular time, this information hel.ps.them to make
. .

informed decisions when added to such" other information as pei-sprial aptitudes and`
4 . . .- . . t -. ,

.
interests, opportunities for edbcation, and vi 11 ingness.td spend log periods of time S , .6..

in preparation"befure mov.i ng into the world of work': " . . ' - i ,.. 4r - .
.c

Scientists and engineers who becOme aware that the field in whi-ch they are-
5 . .115 . /working is gettinvg over- crowded Ray twi sh to examine pervpheral fields in which oPpor-

.1 .
. 9 luni ties may be better i n *the, near future, sand' start preparing themSelves to make a

.

.

4 shift at the most advantageous time. Those. who do .not take advantagNf opportunities
. t . ,. -

/ to look ahead may be total ly, unprepared'to face a job shift if one becomes n&essAry.
. .: - , ..

Colleges and universities Must p,lan "ahead in devejaping faculty,:deciding
. -what course to teach and pgepving for the number of students that-will wish to Linder-.

. . ,
tai(e particular.curricums.'Such planningis helped wOn information is available.

on the job market a few 'years ahead.
2 NI. 0Employers of scientist's arici engIneers , including, the -.colleges and univeri ties,.. t . .- . , .

.--
that -train them, Freed .information about. potential shortages

.
.or surpluses of scientists

. . .

and engineers as a part of -their long range planning. if there appears to' be a shorta
. , .

9

0

L4,,,

4

- a



..

of engineer,s for example, an individual employer might wish to take. seips,lo encourage

. ' \ .

',
those already in hii ,empl ere#..-*oy to stay th, or to see that olopoi-tuni ties' for an

. ,N . : . f 4
. ) . .

engineering- education are offered to young people' in his s ,communi.ty Who might nbt other-
e ,

wise be-able to undertake such education.

The kinds of information needed by each of these individuals gr groups.may be

.. f.
. ,

.
. .

. different, in its level of sophistiCation, but knowledge of the general trencLs is .

0 , r-

.T

impeistant for 'each of them. '
..,

. . .

. : .

Assessing tke future is difficult in :any'area% and particularly difficullt when.

trying to anticipate how well the needs fo,particular kinds of tr.aiing will- match'witlf

the number of people trained in a period that must, be at least four years .and usual 1

eight to ten yea7rs ahead. Th6re are a number of unknown factors in the. equatidn needed

to make such projections, and some assumption must be made for eacil of these unknownS.
. .

.

Making an accurate model to predict whether,sqpply and dvmanrioill e in

.

balanCe at some. period ,im the,futur'e requires making an:assUmptiol about,what apung
- 0

people of appropriate age to [begin their training may de,cide to do, and thgloPtasis on

which that decision will be made- the level of funding.that'will be available from any
'

and.all sources to pay salaries to the scientists and engineers'that Will bp 'seeking

. .

, * .

jobs; and ,ho. each of these will affect the other. At present, there are:no perfect
"

c.,

prectictiVe models, or even-any that'have consistently worked well in the past.

Several kilids of models are used. One of the major methods is to prpject
,

.'., what has happened in the past into, the future. There are any number of variables that

can be used-within t.his*kind o'f trend projection model, including giving heavier

weighting to -
the most Pecent.time period involud in the projecton,,or -weighting for

other factors Suich as an expected increase in the participation of *men in arees where

/
.
they have not previously- been engaged in _large enough mimbers to be significant. The

. , !
0

4.
simplest trend models of supply use basic demographic information (such as the number of

young people who will reach e. particular age such as 18 or 22 in any year' ahead);!'making

the assumption that, the behavior of, this group will be similai to the beh'avior.of .young

, .

persons in a previous period in terms-of the proportion that will choose to enter

L
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,
,t , >`'

. t ' 0,'scie nce and engineering, and thereby estimating the supply of new entrants over some ..

particular period of time in the future. This number will be added: to the present supply.

Using available demographic data from the past, such a model will subtract

appropriate percentages each year for death and retirement, emiration,`and transfers

to other fields. The result will -be an estimate of the number-of persons who should be
. .

.available and trained a, any particular point in the future. Extra weighting may be.,
. . ',. t.given to recent(years, or it may not.

.
Sub, trend models have s'ometimes. worked well in

-.- .
r-:-',the past, and sometimes badly.. Trend models may give poor results if-that trend

reverses direction or even slows or speeds the:rate, of change. ,This.has happened in

some insVances'for projections made or the past five years.,

.One way of projecting -inure demand is to ail< the plans of a numbee`of persons

who ought to ha some expert knowledge in the field, and comb-i-rese responses to

compile g'statistical forecast. For-example, if a la'Fge number of employers are asked ,.."-
Y

,

about their plans for hiring more 'scientOi§ts and engineers over 'certain periods of time
, ..-- . . .. in the future, and theie responses ar&-aggregated, a picture,will emerge Of the number.4,-

1s
...., \, ..

of scientists and engineers- who are likely to'be hired if ,plails do not change., Of',

course, plans do- change, and if the plans of a number of par icipaas change fin the

same direction, theestimates-will- \fail substantia,lly tomee the reality.

Projectiohs- of demand sometimes are made by estimating a'value for some flacotor

such as the Gross National Product, and astumitig that some proportiOn of the GNP' can be

ye.

trans lated into jobs for scientists and engineers.

Still other projettions are based on an effort to predict how much funding

will be applied. to solve a particular problem such as Protecting the environment or .

f
working toward energy independence. This kind of projection `islhot,,-partic'ularly useful

411 in determining total manpower demand for scientists and engtheens unless many other.
.. .

.problem sectors also ark, Iprojected at the same time and with the same set of basic

assumptions..

For some purposes, it is more useful to anticipate how many chemists or how

many electrical engineers may be required to fill the available jobs, while in other



,

instances-the broader.ca.tegory of usCientists" orc."engineers" is'similarly useful.
/ .

.* . ,.

In every case .when projection& for the future are made, some as-sumptions' '

dr T. %

f

must be made 'about bath present and future factors that will affect the supply ofor
,',*

, .

.
.

_
tht'demand for scientists and engineers., The projections themselves may affect the

,

outcome: For examine..., when high demand is projected for a partiular atea,_more st0-

dents will-enroll in programs that will prepare them for those,jOb's. More importantly,.
, f

students who are.selectimg'study fie.lds tend to react to a present employment- market

even when they cannot affect that market for for or more years. Thus, when engi eering

employment is high, freshmen-,engineering,enrollments.rise.. When,new graduates ha e

. .

d4fficuley, finding positions, freshman enrollments drop', thus producing a smaller class

. ,
, , '

four yeal-s later.

Since the assessment of future supply and demand is spdifficulb, and since

the projections that-are made may turn out to be wrong, it might seem that the process

e

of atteipting to project supply'and demand is not worth the time and effort required.

. ,

,
However, projection's are among the tools necessary for planning. '

E .

4 . i -
Right or wrong, such assessments, if Agiven,WidespreadpublicitY, can change

.
.

'
----N

the 'parameters lyricfluencing.the actions of potential students, emplgyers, and-training
,

f

institutions. .SoMe of these inflvtences are inadvertent, but some are meantst6 change

. -

the outcome. For example, the awount of support available to assist students obtain

training itiscience 'and engineering can be modified to--increse decrease the avail,-

.

abt4 manpOwer few years later. In the past, since, mostkprojections indicated a,

shortage of trained people, this has usually meant an'iricrease in support for the

training o.f scientists or engineers. In the futpre, at least some of the effort may

in'the olipbsite direction. For examples a recent NattOnal Reqearch Gouncil reporte.
on the need fOr biomedical and behavioral scientists

1

indicates that some surplus of

A 'trained persons already exists and recommends that support for predoctoral Srain.ing in

,

'some instances should be reduced.
1r. s- .0 ..'

.1 s.

._ Forecasts_of pver-'or
.

under-supply are among factors used by training insti- - k

tutions in .deciding whethertO add or drop particular ftograms. Reent projection's of
fir
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r

over-supply at the doctorate level have been cited among reasons for droppirig doctorate

mprograiat a numberof state-supported schools.'

.

Even though the at of forecasting presently is'inexact% Old indeed some-
.,

* .tiMes.grOs1; IT error, fgreoasts,s1;ould be madeE,ecause.they are needed for pianhing

.
0

.

purposes. They also, should be monitored on lieaular basis and adiustmpntc made,when
, . ' ,

,

., change is indicated. ..--
.

0

RECENT SUPPLY/DEMAND IMBALANCES ,
k

Beginn ing_ durina WOrldmUar ri, andicontinuina,ulti the end ofothe 19691s. 1'h e'

technological tdvancementsNpf the United States moved'at a rate which not only allowed

'for,the utilization of almost alltthe scientists and engineers who had beed trained.

but also displayed a voracious appetite.for more." There were chronic Shortag6s of

certain kinds of scientists nd engineers through the middle fifties, and great efforts

were made to increase the number of,persris trained in those area s, bath for traditional s

4r i
i

.activities and'for such exotic programs as space exploration. 1 By the middle sixties,
. .

1

these efforts in the form ofGscholarships and felloWships and G.I. educational benefits,

coupled with a rapid, increase in the proportion -of young people entering higher. &lucation,

had resulted in a substantial increase fir-the number of science add engineering graduates.

.* .
Unfortunately, these programs were set in motion with the assumption that

shortages would continue indefinitely, and nu long. range plans for assessing continued
.

need for such programs were formaliied. iThu, in 1967, when bt.dgets for the space program
* -

hit'their 'peak; young men (and an occasional °woman).wer'e still` pouring into tfte bottom of

the educational pipeline to prepare for careers in aerospace engineering, and indeed in'

all fields if engineering, Even by 1969, when, budget figitres for 'spaceand other
.

-programs were dropping s4adily, freshmen engineering enrollments were still holding at
-

about 75,00'0 entrants, although a small drOp had occur -ed. This meant that le

graduating classes of 1970 through 1973 would be about.43;000 per year.

Even as the space program contiAled reductions in 1969, the economy began to

f }ter following years of inflationary guns-and-butter budgets,, and industry as well as .1

-v

11

1
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'

government not only reduced hiring

substantially but also began large layoffs

. -of engineers and scientists. By'1971, the

unemployment rate for these highly skilled

*sons had reached 3% (Fig.1) even as

.record classes of new graduates at hll

degree levels Poured out of colleges and

universities to twelltheir(ranks. "Under-
.

-employment," always difficult to measure,

probably affeclift least as riany

\ scientists and dngineers as were unemployed

and seeking jobs. Thee twogi-oups were

augmented by a third group, on wHomsno

accurate data e )4ist - thOse forced into
.

73 74, 75 76
early retirement in their fifties and ._

Fig, J
.

early sixties
2
often with }ittle or no pension- rights.

While most employmentseetorsfaltered, employment in aerospace stumbled down

I.
hill at a rapid pace, _shaking out'ftot only the deadwood, the partially qualified and

0
%
the Upgraded-engineers who had been hired in earlier years when aeronautical engineers

co_uld'not be trained f*astnough to fill the demand, but also the highly trained,

,--- -

.
- 4.

rilrously skilled specialists'of the space age who 4ad made possible Neal- Armistrong's

megiqfit step,for manktnd." With theM went whole support teams, honed to a fine edge to

..../

wprk together to' reduce the impossibly to the difficult \*
i

t,-

Some of these jobless'merf:would have had reemployment difficulty-even in410.;
...

steady employment market. Some were not fully trained engineers to begin with, and

while they had learned,some particular engineering function, their training was often

not readily,transferrable to another engineering Setting'. But some, of them were'the

cream of the engineering crop. Their reemployment cli'fficulties stemmed nortnly_from

a general job shortagebut'also from three other factors: iinwillingnel-s to relocate

V.s

f

J

.
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'.
(withconcomitant loss in selling their homes, etc.); high salary reguiremeots,to match v.

k

What they had been earning; and in the case ofthe aerospace engineers, a reputation_

%

.--)

.- that may or may not have been deserved for having no understanding of:the necessity ofN , .
(..

cost accounting., Industry, required by its nature to showa profit, was often un'-.

willing to -hire le' specialists accustomed to working with almost unlimited gokernment

0funds.

.By late 19737 emp Merit had risen 'and unemployment dropped among sciiptists

'pnd 'engineers, but the trend, rever -d.again in 1975, and linemploymentrates have,con-

tinued to be a problem in ,1976, although riot to the degree that occured i the 1971

rece'ss'ion. Of course, these rates are low .compared to total unemployment rates.
ft

Meantime, a residua ) effect in attitudes has'become apptrent and science and.

.
.

engineering pofessionals have bee ,awakened to the Seriousness.of over-supply problems .

Evep those whose jobs have not been direc ly,_.,thrtatened have felt threatened, and those .

who have learned through-bitter experience that employment stability and government

4 '
conti-laCe work ar4 sometimes incompatible, have becaiAe increasingly voeal. Beginning .

in 971 , the character(of, professional society nigetings 'changed. Disrupters - not only

the stUdent generation-but-angry men ,in their,fpcties -broke 4 meetings and demanded
. ,

microphones: They alsotalked to their children and tflelr-neighbor's children and were

Persuasive in their arguments that engineering.and physical science offered little in
. -

.. , .. , ..

I return for lang.and.difficult college .preparation.
..

, ..

Newspapers and magazines, too,' picked up the stories of cab- driving engineering .'
. . * , c. - .

graduate; and aerosptce specialists selling real estate. This was'news because it was
,

unusual. it made good 4ature storied, .4

1

i , 1,P;C
- .

. At the same time, sciehte and techhology were getting a bad image With. young .

a

,

.

' people because of perceived relAonship to an unpopular

,

w!r, and!fto environmental
I* I

/ , ft
1 .'

-----egradation.. The high school 'clasts of 1971'cOuld hardly remember a time when.the United
4

1
'" States had'not been fighting in Vietnam, and they had watched that War through their

v

,

television sclgens. Their view oftet6Ology was highiy-coored by the hoertrs of

napalm, defoliantorane,,andsophisticated bombs that couldqtdifferentiate

. ,

Se!
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4

A

combatants from civilians.

a
11,

,These young pebple also were the first generation to be broadly aware of the

dangers,ofenvAronmental pol,utiOn., They blamed technology, and few of them recognized '

.

that the application of responsible. technology was th'd.only way to repair past daMage

and to maintain the onnet's habitatilitv.
r

)

Both these idealistic ybu*people 'and many who sotight'more materialistic
. . .

rewards in a career, suchas prestige; high salaries,and job .securityexpressed

4., .their frustrationwkh science and technology-when, in'the freshman class of 1971,
r . ,

,

.
41

engineering enrollmentdropped front 171,500 to. 58,500 in one year''. -"Enrollments' in
.

. . ,

physics, mathematics and chemistry.also
,

dropped, despite increases in enrollments
D 1

.
A

0

in. all other fields.

This anti- technology focuSjegan to blur in 1974,"and by the,fall of l976,

when job' opportunities "for engineering graduates continued to be much'better than for

'graduates in any other field, enrollments in the freshman engineering class were back'

:to the level pf the middle sixties. . .

, r .
. ..

. .

One other major change that occurred in the first half of`the seventiesas the

.1
new emphasis on equal opportunities,fOr women an for minorities, and especially in

.

,
.

professional' areas such as engineering where their representation has been negligible.
,

'Between fall 1969 and fall 1975, the number of first -year women inCengineerIng 'school

increased an astonishing 470 percent, although Women. were still only 8,9% of the

.1 N
.

freshman class of 1975.
o

The: 314 black .engineeringigraduates of 1969 more,than doubled
.

to ,134 irr1975, although the proportion'of the total that is black remains under two

A . 4
vi

4 1 ,

percent. ,Women and, probably minority members will continue to enter'science-and

engineering in increasing*.proportions,and'this change wilrneed to'be considered in ,

projecting future supply.

SUPPLY

The science and engineeringSmanpower pool is made up of persons alrea0y

trained and in the labors force with new additions and suttractions"corstantly occurring.

Persons are lost from this pool by death, retirement, and transfer but Of these

1 3

4
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professions..Personsare added in folk ways: by the input of new graduates at ,all
k

. .

'degree levels; the immigration of prevtousjy trained scientists and %engineers from

other countries; the 'transfer frOth other related disciplines; and by "upgrading. "-,This

Wier process usual.ly results from on-the-job experience, but sometimes it happens

3 .

just because qualified entrants cannot be recruited. Thus the "upgraded "-entrant,
e ;

particularly %n engineering where he is a major'cOmponent of the engineiring workforce
., .

in most statistic 1 data, may be qualified on-ly within narrow limits.
. -., .

.

New. graduates
e

't
2,,.4

.
, The entrance of new grathiates is the lea.st difficult segment to project, at '

least over a short eange'pf\years. In engineering, for example, we,can begin the fount
,

at the .freshman year, and in' the sciences; where a graduate deg'ree is more likely to

represent the professional entrance level, stuniies of junior year enrollments. and.

trends provide the beginnings of a data base from.which to projedegrees.

Over the 'last several years, as more and more students have entered 'the

,

,
.o : 4

nation's institutions of higher ,education, including its graduate schools, enrollments
,,, .

in the physical sciences and engineering .have
,
fallen both as 'a percentage of all

students,enrolled and, in the past few years, in 'actual numbers (Figs. 2, 3 and 4)..

Bachelo r's and First PrOfe.s.sional Degrees
in Science and Engineering. 1959-60 to 19 747,75

Number of degrees allarded
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As 'a percentage of all bachelor's degrees*granted, the combined tcta) of those in

Physical sciences and -engineering fell from 20% in 1950 to, 14% in 1960, to 8% in 1970
.

;
-' ; ,..i.

. and to 7.2% in 1;974-75 Flig., 5). Current projections by the iWatioeral Center, for, Educa-- ,

; , . ,. 4,,,; -, , v., .
s

eion Statistics indidate abd,ut the same proportion in 1985. At-the-master's level, 4,

.

N,. .e
.

,..

; 41, . , . /
PHYSICAL SCIENCE, ENGINEERING, HATHEHATICS AND 9:U.OG:EAL SCIENCE DEGREES AS A PERCENTAGE OF ALL DEGREES GRANTED

4

194-55

1959.5O

1964 -65

1969.70'
1974-75

1954-55

1959.60

1964-55

1969-70

1974.75

1954-55

1959.60

1964-66

1953-70.

1974-75

MCHEL9R'S

',191Mtor169

14rtnesancs

2tolo914!1 Sciences

DOCTORATES

PERCENT 0 ' 5 t0 . i5

Source. Series of EernedDecrees Conferred. U. 5. Office of Education

t

the percentage of physical science

25

$

35 40 _ 45

, Fig! 5

and engineering degr s together has dropped from

1 %-- to 722% in the past' ten years.
,-. .

, ,
...,

The doctorate pattern is similar.

.1 i7,'' ''', 2
1 1

,

Despite ihd fal tig proportionSifn th Oh$/sical and engineering .scierks, -tbe
3 4 . . :"Tf,

0
,-

:."4 !
'cause of the increa'siwg size of the college p Ouldtion the actual number of degrees

'; . i
,

: 5.4/
granted in these fiel=ds generally held steady or Inci-eesed through, sixties, at all, ,

1. - , -.: i, 0
i / 4 4

degree levels while, those intAher social aid life %cience§ rose rapidly. However',. while

i, ? J '
.

the college population is still expandingas it wil for another five years, both the
1

percentage and the number of degrees in science, and engineering hive fallen over the

past four years, except in 'the life and Social sciences.

mo,
,

.

That drop is e> e'Cted to continue through 1985.

t.

; ,
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: TABLE 1 !

0OLL-TIME. FRESHIlAWENRULLMENTS

AND BACCALAUREATE DEGREES
IN ENRNEERIgG;

1964-65 TO 1976 -77

Full-Time
Freshman

Year Enrollment.'

8S-

Degrees
Granted

1964 -65 73;682 '36;641

1965-66 79,872 35,815

1966-67 78,400 36,186

'1967 -68 77;551 . 38:002

1968-69 77,484 , 39,972 ,

1969-70J 74,113 42;966

1970-71 /1,661 4306.7

1971-72' 58,566 .44,190 .

1972-73 52,100 43,429

1973-74 51,925 - 41,407

1'074-75 ,63,440' 38,21G

147577.6 [,. 75,343 37,970

197647. 8,500 '37,900
,

*EsOmated
SourCe:. Enoineeriilg Manpower

Commission .

. s

- 1 -

O

In engineerint,.where we can measure

' intended majofs even at the freshman year, the:.,
. .

enrollmenedrop from the fall of 1970 to the fall

_of 1971 was a whOpping 18% followed by a further

11% drop,6 the fall of 1972. Enrollments leveled

off in .1973 and started up again in 1974, with an

increase in the proportion of women. Women made up

nine percent of the freSIllman class in 1975, up from

less than two percent'six years earlier: The

freshman cla$s increased 18 percent.in fall 1975,

and is up another- 9.5% in 1976.2

When freshman enrollment is plotted

against first degrees four years later, (Fig. ¢)

we see, not only4he abrupt shifts in popularity of

, )

engineering among freshman, but also a majoi- change

in the ratio of baccalaureate degrees to freshman

enrollments four and d half ye4s

ENGINEERING FRESHMAN ENROLLMENTS, FIRST DEGREES, AND DEGREE RATIOS /

(000)

80 Freshman
Enrollments
(Full time)

70

0

40

k34

20

'0

1950,

1954

Source:

tr) to

Ratio of
, Degrees to
,Enrdllments

u-) tr) r
First'Degrees

t

Projected

t' I ; ; 1 1 I 1 ; t

1960 N 1965'

1964 1969

Engineering ManpOwer Commission

Fig. 6

1970

1974.

'r I

1975

1979
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The freshman class is redu ed by attrition, especially afterie freshman '

A

year, and augmented by input from ,t ro year ?colteges (partiplarly at thejunior year

level) and transfers from other su ject.areas. Whether the reduted attritjonfrom

, freshman year to first degree., continuing trend is not yet certain.

In hysics, the..enrollm nt drop is similar to engineering and .the number- of
.

,

bachelor's degrees granted began to'fall in 1969-70. The drop continted'through1975

and will fall agaihiin 1976 (Tab e 1.. _,Women thade up 9.6% and 7.8%-respecti. yely of ?

the lower de"gre6.gradUates, Ad' 4:8% of the doctorates in physics'in 1975. ,

.,f

. .

etly.sict4

TABLE 2

GROLLMENTS AND DEGREES IN THE U.S.

.. .:ACdunrC.
Year

(July 1 to.
O'ure. 30)

'-.---,

1 .';'' Physic'8'
r ....:

i ',-,
ii..i ;
1-`:iiich,,,

f-"?'"
4'.- 5.45'2j),*

, ;

'I

_,.ior s
4

'

7

,egrees Granted
/ 4

h.. ,.

.

'last2r'i

4. ---.' -r----4----.4 ,P5r)

1 ,':07

2%0,15 ,___,,,:-

2:050

I .

1 Doti'tcrate

87)8

792

k
UndergradJate
Physic's

Enibl

Jun i ot-
Year

Majors

led

' Graduate

1 Students
- Enrolled

SAi or
Year Total First Year

1962-61'.,. 7 873

7,520

12,256

1953-64

19,,I4-6

5.,&14P

5 5
2-,..

5',0

_§016.

6,676 13,046 1,,061

-

.9,83 , -7-032 ---141-,J 4 zul 3,629 4,167 ^____I

1965-G6 : - 948 7,014 6,296

5;c.,,9

14:876

A:5,50-4

4;258

"-', ,162 .*1166-67 5 ,n'6f, 2,193 1 ;233 718'45

1967-68 5;15'22 -

c,..'gj

2,077 1,325 7,82? 704 1,5.3'15 -----,-

, -- .-4
4,01C -

1968-69 2,223 -11;355 7,587 7,019 1S .4769 t

1969-29 5 71 2,2',..3 r i :545 7.,11°,0Y.,
..,,.

6,881-4'Y

6,593

6,700(

:.% ,663

6,152

14,372
14 ,327

13,276

'',',',.,_13

''','W a
, .

1970471

,..,,,

5*-7 5 2,.300 430
1971=72- . ---r-

S.' 7.q2 r.2- 2,113 '1 ,438 3,3^16

111143 't 4, 23 , 1.961. 1.4'45 6,012 .5.806 11,804 2.904
,

197.344 4, 52 1,772 1,236 5,858°7
7

5,608 11.119 2,68,
-1474-75 4,571 1;557, 1,167 5,66 5,409 10,410 i,668

Sc}(if-0:,: American nstitute of Phyics

TABLE 3

DEGREES,,IN GEOLOGY & EARTH SCIENCES

`Tear /Bachelor-4s Master. Doctorates
197Q-71 --p330 - _1084 : 440
1971-72 3861'. 1299-- 580
19773 14273 141:6', 577

19131=74 t 4834 -1604 : 570

1974-'5 ,i 4825 1512 -- 492

SOURCE... NCES

In the geological sciences, where

demand is increastngat result of the energy

problems of the country, degrees are dropping,

(Table i. The only reason they did not fall

earlier it e ,increased -enrollment of. Women
4,

. who made up'alm st 19% df the undergraduate

P)
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enrollment ih 1974, 14% of Master's enrollment and 10% of enrollment for doctoral

.degrees. These figures represent increases of 34% from the previous' yeat for women,

undergraduates and 2 -1% for women doctoral students.

'In chemistry,-the'drop in bachelor's'

degrees began in 1970; graduate degrees a year

Table 4

CHEMISTRY DEGREES

Year

-19-64-65

Bachelor%s Master's Doctorates

10,047 1715 1414

1965-66 9,735 1839 1571 '

1966-67 9,872 T831 1744

1967-68 10,847 2014 1757

196g-69 11,807 2070 1941

1969-70 11,617 2146 , 2208

1970-7 11,183 2284' 2160 .

1971-72. 10,7210 2259 1971

1972-73 10,222 .:.. 2230 1882 ,

1973-74 ,10,517- 2138 -1828

197,4-75 10,549 1986 1822

Sources: USOE, NCES

b..

Table 5

DEGREES IN THE LIFE SCIENCES .

Year Bachelor's Master's Doctorates

68-69 43,260 8239 3779 .

69-70 41,713 7997 4131

70-71 -52,129 8185 4534

71-72 53,484 8914 4478

72-73 59,486 '9080 4524

73-74 68,226 9605 ' 4220

74-15 "68,237 9231 4216
,

RC : NCES

I *.

TABLE 6

10(DEGREES IN MATHEMATICS

later (Table 4). Bachelor's degrees.. have

risen slightly in the past two years, but

graduate degrees are still dropping. The

number of new Ph.D.'s is expected to fall

4-below 1,500 in 1976. Women chemists earned

22% and 20% of the bachelor's and master's

degrees' in 1975, and 11% of the doctor;tes,

up from.7% a decade earlier.

Year. Bachelor's Master's Doctorates

1971=72 23,848 5209 1128 3111

1972-13 2,223 5033. 1068

1973-74' 21,813 4840 1031

1974-75 18,181 4327 975

SOOKE: NCES'

Sciences,-degrees

c)

Awarded dUringihe seventies,haye continued

to rise rapidly at the bachelor's.and mister's

levels, where women make Up almost a third of

the graduates` (Table 5). The number 9f

doctorates peaked in 1973. Women have'earned

almost a fourth of bioscience doctorates

during the seventies. Enrdllments in the

health fields alSo are rising rapidly.

Mathematics, too,,is a field with a

proportion of women. 1n11975,

women earned 42% of the bachelorhs,' 33% of the

master's and 11% of the doctorate degreeS% As

in the physical sciences, degrees in this

field are dropping steadily a't all levels

. (Table 6).

19
7t

s"
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TABLE 7-

, DEGREES IN SOCIALSCIERCES

Year Bache'161-'s Master's Doctorates
1971-72

1972-71140,579.
19:7344
1974-75..150,467

433,604

145,449

15',176

1.4,976

15,974
.18,483

5071
5200,
5449'
4100

Source:

43% of

NCES

- 15
4,

4

41.

In the social sciences, the number

of de rees has continued to climb steadily for

two decades, although the social sciences'

prOpor ion of all degrees is now dropping

(Table \7). In 1974-75, the number ofiiRtichelor's

and mashers degrees continued to rise, but

doctora es dropped that year, Women earned

the bachelor's, 34%,of the master's and 33% 6f the doctorates in the social'
.

sciences in 1975.

TABLE 8 If ,

SCIENCE AND ENGINEERING DEGRIEES AS A PE RCENTAGE
OF ALL DEGREES GRANTED

. - Year
Mathematics

and
statistics

Computer
and

infix-
mation
sciences

.

II

Engineer-
ing

'Physlepl
sciences

.

iliologIcal Agriculture
sciences and natural

a resoyrces
, .

-.
. Social

science

.

PsychOlogy

I

3:9'
2.2'
1.7

1--djfir

0.5*.
0.9

7.7
5.0

. 5.7

.

-3.6
2.2 '
2 1

Bachelor's

5.0' 1.5 i
5.1 1.7
4.9 , 1.8

I

16.4
. 16.1

14.7

2.9
5.7
747 .

.

,-1964-65 '
1974-75
1x54-85 ... ,.....,.

-

.

--,
Master's

1964-65
1974-75
1984-85 .

3.8
1.7

1.3

0.1
0.9
1.5

10.3
5.4
5.1

4.2
2.1
1.6

3.1 .1.4'
2.3 1.0
2.2" 1.0

% 8.2
6.5
5.8

1.9,
2.4
2.5

si Doctor's

1964-65
1974-75
1984 -85. r i. I .. . er.

4.1
' 2.9 .

1.'7
0.8

; 0.8

13.0
9.8
6.2

17.2
10.0

7.1

11.7 4.0 .
10.2 4 2.8 '
9.3 2.2

11.2
11.8
10.6

5.1
7:4
9.3

NOT15.-i-Data are for 50 Statevarid the Dtstrict of Columbia for all years.
Because of rounding, details may not add to totals.

,

I,.etess than 0.05
. I

NSOurCe: Na.(526p1 Center f).- Education Statistics
i

,

,

,

The degree pattern of the past ten years looks fairbi clear (Table 8).- Stu-

dents have continued to major in fields that areikready over-crowded: psychology, .

;, - ,
- ,

social sciences, education and humanitigs4 whlle degrees have been dropping in fields
.

such as engineering, chemistry, geology and mathematics. Projections 10 years ahead
4

r.

t'

V
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show a generals coniinuatiori of this trend. The proportion of Women is rising in all

these fields, but is still far below their proportion, among all students.

TABLE An examination of

PERCENT CHANGE IN TOTAL 'GRADUATE ENROLMENTS
B-1' FIELD, 1970-71 TO f975-7,6

'oy-er"a five year pe'riod as

meNut-ed -by the Council of

iiaduaite Schoo-ls shows the

picture clearly-Trable 9).

Enrollment has been rising,

.find: fairly .rapidly in fields

changes in graduate enrollment

. 11970 -71
FIELD -, TO

1971-72

1971-72
TO

1972=73

1973 -74
TO'

1974 -75

1974-75
TO _

1975-76,
-

Educatibn I +6.0% +5.7% +8.5% +3.56/
Humanities ' +1..1 +2.8 +2.1 +0.
Social Sciences °3.3 ' +3.2 - +2,7 - +2.5,
Biological Sciences +9.6 +4.5 +9.3 +6.3
Physical Sciences --/-1.9 , -6.5 -1.9.

No Chanse\
+4.4

+1.7 -
+3,0
+1.5

Engineering.. . -- -2.0
Total All Fields +3.4 +1.9

Source': Council, of graduate Schools of the U.S.

TABLE 10: le

PERCENT LANG 94H4b1FIE ENROWIENT1

.
-

Area Field of Science
.

1 9 7 2 1 9 7 _3
Percent{
Cliange

'Iota) 160,302 157,306' -1.9
Engineering 40,960

. .
39,525 -3.5

Civil 6,555 6,508 -.7
' Electrical ' 11,54a 10,536 -8.3

,Mechanical 5,793 '. 5,566 -3.9
,'. All Other - , 17,070 .16,865 -112
Physical Sciences 26,387 25,777 -2.3

Chemistry ' s 11,48,2 11,067 -3.6
Geosciences '3,935 4,104 ' -4.3
Physi cs '8,907. 8,402 -5.7,
All Sher ' 24103 2,204 *6.8

Mathematical Sciences 14,825 14,379 -3.0
Appl ied`Math 3;388 3,574 5.54
Mathematics - 10,119 9,440 -6.7
Statistics 1,318, l',365

31,651,P
3.6
2.2Life SCiences 30,959

Agri culture 7,665 7,857 5

9

2,7

Biochemistry ..-......, 3,227 3,257
Biology _ 6,365 6,459
All Other 13,702 '14,078

Psychology, 13,436 13,246 -1.4
Social Sciences- 33,'735 32,728. -3.0 ,

Ecnnomics' - . '7,057 ',6;878 .-2.5
Political Science 7,752 7,435, =4.1
Sociology 7,662 7,011 -8.5
All= Other 11;264 11,404 1.2

where surpluses already exist°

and more are pYedicted.

Enrollments have fallen in-theI.
physical sciend`es and engi-

neering where, below the

40 jloctorate at 'le'st, jobs are

generally expected to be in

balance with; supply.

Entollments, hOw-

ever, may, haie turned up again

at the graduate le'vel' in some

Of. thee. fields. -The .

National Science Four(dation
_

reports that bet4 gsen,1972 and

1973, graduate 'enrollments in
0 1
a set of matcied departments.

dropped' in all areas except

cst,he life sciences (Table 10).
A

1BaSed on full'and part-tiMe enrollment in:3,374
matched departments teporting or each of the gears,

SOURCE.:. National Scidlice Foundation 1Y-

21
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6 TABLE 11 - , Bedeen 1974 and 1975,..however matched departments
. --4.- . ..

-43.-
6riclate science enrollment by field, 1974-7M

..,. -,

Area and field of science
"

1974 t9 Percent
change

'
,,,, loaf ,,,, 265 982 291)) 661 9 3

Engineering 11 1 58 082 62 580 7 7 .
Che/nical 3 ,. i. A 559 , 920...-- 7 9
Civil

+r
954 '11,113 l 11,6

Electrical , , 11105 )5 229 6
Industrial 7 981 '-9 176 .` 15 0
Mechanical 7 789 37 839 ' 6
All other 12,694 :14 303 12 7

1

34.233 34977 12
Physical and environmental

ulenies
PhysicalssiencM total 24,534 24 549 1

Astronomy,t
Chemistry t '

. ; ..- 60Z
13 605

606
13,917

.,1: 7

2 3,;
,Physics ,E" 10 317,

...
10 016 -.,1 9

Environmental sciences total 9.699 10 428 7 5'

' Atmospheric 1808 983 -20
Geosc iences - 6,708 7 394 10 2
Oceanography . 1,983 1 046 31

Mathematical sciences 19 652 20,337 35

Applied mathematics , 6 089 6 760 11 0
Mathematics 11 744 11 522 -19
Staiistics ` 1 819 Z055 13 0

Lifrsciences _ 62,980 68,886 .9 4

Airecyltioe' 10 316 1149,5 10 81.
Boothemistry 3 678 3 653 - 7
Biology 101004 11 783 17 8
Botany 2,642 1 7)0 3 3
microbiology 3 849 39 ' 2'7
Nutolt,012 1,651 1,497 1 7
physioloi&r 1 320 2 338' 8

Zoology 3 574 3 574 0
Other Mosciences c'S 9.111 10 342 13 5
Clinical medical

4\ 'N .
14 835 16,381 10 4

Psvihologv" 25 052 17 123 8 3

''.1.11;Ciences
'-,,

"65 983. 76 759 16 3

Anthropology 5 675 6 0B6, 1.
Ifi)orrlits 3 ' 10' 550 11 528 ' 3

Linguistics , 7 117 8 464 ''171
Political science 15 228 19 657 29 1
So< tplogv . 13 224 14 101 15 0

,All other 14 079 16 833 I 191,

1Basid on full and part time enrollment in 7 664 graduate crartments

501../110E Alat ionalSc lenc e foundation

reported increases in ..enPol Thant" in almost al 1
. -

fields of -science .(i'ailevp1 9e The increase .
tinues fo'be in'thesocial sciences, fol)fting

o

-
the pattern of the Patt'selieral years;

4

Nas tiona'f Sc4nce )ogdatcrn projections.i
--of graduate enrollment by field,of scfAce in 1980

and 1985 are shown in Table 12.3
.

fir

s

ti

TABLE 12--4---Ir-
ENROLLMEiti FOB ACWANCED'DEGRUS IN

SCIENCE/ENpINt5RING FIELDS:
'OTAk, FALL_ 1960-85

,

0,

(.4

Year
A Total Physical MailTmatica!'a, , Life

S/S
Social

sciences, Enctineer!no scienes sciet1ces sciences
.. ,

l ot:J,1 i
1050. ,

1;;;3:2

1".,r,3 .. ,

1964

1965

196(
190i
1938
1909'
19/0
1971

1972* . -

1970*
ProjecIrd
1195. P:oz,,',,
1980 St,r.c
1915 :,,,:),!:1,
1965 Sir :0

120 638
128,794
142 433

158 051
178,123
195,346

, 207,049
224,468
234 661
243 /15
252,159
246,100
242 088
244 353

237 000
28/ 400
210,C00
314:800

25 707
26 503 ,

328C;955991 '"
34 061.
36,506

, 37,950. -

40 447
40.037
39 K g;
40 11'3
38,928'4)
36 047'
35 995

26 500
31 100
19 000
27 100 ..

1,

'

R36 63,f4 .

39,36,t
43,850.
48 917.

45/318
,,,_

57 016
. 54338

(a533,
'' 63 662 a

65.04b
64,788 .

59 321
55.847
54,567 '

- 48,100
55,100
45,000
57,900

1M 770 .

12 671
'14 12, r

. '11: ;07'54

t _ 210'4 r:
,, 23,.,.1SA0 .

' 2,0b6 .
2.6 640

t 175&I, :
,; ai0t608, .
.- 28,841

't, 28 064 '''-
, 277023

22,0510

28,7490

18,100
29,100

10 715
21,446
'1953
26.888
30,787
30,749
37,00/
39,954
4'1,676
44,203'
46,40
41,60
49.118
50,714

.010 i"
52.500
66 800
47,903 ;

/8.800

*Data not aVailable when projedtions ,;ere ade.
SourOes: 1960-73,data,, NCES. 'Projecti'ons, NSF.
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26,810
28 757
31 918
35,313

_40,152
45,561
50,604
56 368 ,
61,546
65 404
70090 .

a 7731.394122

76 055

\
87,000

1051700
80,b00

121 900

.00
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Immigrants
.

. . . -
New graduates 'make up only a part of the entrants to supply. The .numb r of

. ,
. .

a ,

..-- 4
., -scientists and engineers who immigrated' to the U.S. peaked in FY 1970 at 13,300', but fell

Fiscal
Year

IMMIGRANT

TABLE 13 -
SCIENTISTS AND ENGINEERS

Total
Scientists
& neers

t.

Engineers,
.Natural
Scientists*'

4.

/ .
949

4 69".1,3
190 2;045**
1951- 2,098***
1982 3,449 ,

1953 .2,866
1954 3,336
1955- 3.,002
1956 #3,952
1957 6,046
1958 5,380
1959 . 5,290
1960 4 ,5:i0
1961' 4,171
1962 4,297

'1963 '5,9-3
1964 5,762 ,

1965110k _5, 345:
1.966 -.71t205
/967 121,523
194
1969 10,255
1970 . 13,337
1971 13,102
1972 11,323 '

9 ;3 6,632

956 413

1;2 766

1,5'91 507

2,399: ' 805
2;064 ' .,654

2 400 -800'
,2,071 . 791

2,804 986

'4,547 ,1,145
4,032 1,21?
3,950 1 113 8

3,154 1,043 .
-- 2,890. 1,1-0-2

2,940 t_1_,165

4,014 1,688
3,725. 1 ,754
3,446 1 ;597
4,915 1,919
8,821
9,313z, 3,110
7;150 2,601
X;305' 3,264
9,015 3,456
7,436 3,271
4,443 1,790

to 6,600 in FY 1973, down more'than
;

:50% from the peak, because 'of stif-

fer resfict-tons on immigrant

scientists and engineers entering

Social
Scientists*

NA

NA

NA

245 ''
143
136
140'
162"
154,
136
152
153%

170
.192
231
283
302,
341
544

e--550
504
768
631
616 '
399

odes professors -an it\strixtors
**lotal excludes a small number of social scientists for

whom dateare not availab\lep
Source: National Science Foundation

-

Engineers typically have Made-up 65 to 70
. , .

pertent of the total of immigrant scientists and engi-

neers, with the. remainder distributed thrugh tke

natural Old social'sciences. 4Immigrant scientists
. N.

and engineers make up only a "small segment of the %

total U.S, science and engineert,ng manpower poi.

.4

-23

the dl.S. to work,: which were estab-
4 .

lished in FebNiary 1971 (Table 13).
-

/

A report in preparation at'NSF

provides data which indicate'that
- ,

the level established -in 1973 has

continued through 1975.

TABLE 14

PHYSICIAN AND SURGEON IMMIGRANTS
COMPARED WITH NUMBERS OF -,

U.S. MEDICAL GRADUATES

Fiscal
Year

U.S. Medical
Graduates -

7,168

Immigrant
Physicians

1 ;797 °1962

1g3 7,264 2,093

1-964 7,'336 2,249 .

1965 7,409 2,012

1966, 7,574 2,552

19,67 7,743 3,326 .

1-968 . 7;03 3;128 r.

1969 8,059 2,756%

1970. 8,367 3,158

1971 8,974 5,756'

1972 7,143

10,391 7,119,.01973

1974 11,613 6,321

1975 12,/14 5,361

' Sources: National Science Foundttion
Journal pf the American Medical
Association, v. 234, No. V
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Physician entrants, however, constituted.about 40% of frb total of new U.S.

graduates plus immigrant.physiFians in 1973 -(Table 14).,Some of-these immigrant

physicians tall-other roles in ,he life sciences, and never jecome,OiteAsed as U.S.
,

.
physicians. 4

Other Entrants - l
,

k -
) , \ .

A third, source: for new sup ly, particularly .in engineering, is the rest of.

the, ,technological pool itself. Technicians and others with_less thml a bachelor's
, - .

degree in engineering often are classified and emplpyed as engirieers without the formal

s
education of engineers. Additionally,la smallergroup of persons transfer into eng-. -7

.

neering, from other 'disciPli es, iisuariymathematics or the physical sciences, to.add to
,

this pool. The 'lumber of 'u graded' techniians or "practicar engineers...1,s uncertain,
. .

a but .these individuals becoffe imbomOnt_on .t,h'e supply side because their numbOys increase-
.- 4. .

1...%,. .
.

-

during periods of expanding demand and/or falling supply
,

of.new graduates They are
- -

. . ,

also in the forefront of layoffs and.the tail, of reemployment - creating considerabl

.

human,tragedy.,,eTransfers from one fief t0 another

pool also are common.

Existing Pool of Trained Scientists and Engineers
\

within bleb' scjence and engineering
`r

New graduates, new immigrants and newly classifie eligineers and scientists

,moq into the existing manpoWer.po61 This,teohnologicalspool
t

is constantly depleted
46:

as well, through deaths, retirements and transfers into other fields or into manage-

-ment areas. A conservative estimate 'of annual depletion is 1.5%.
;

One maKr. oclurce of information about, the existing.' science an& engineering ,

q

A-*national Sample of scientists aneengineers, identified from the 1970

manpower pools is the'1970 Census and the 1972 and 1974 Postcensal surveys of scientific'

and technical manpowerr

Census,lwas surveyed in 1972 and again in 1974. The 1974 survey forMs one part of,a

threeLpart Manpower Characterist4s System of/the National Science Foundation. The

,,
. ...

second part consists of biennial surveys of a selected,sample of doctoral scientists
. . .

l . and engineers performed by the Commission on Human Resources of the National Academy of
0 1#

"l
7i10, c

.11

24

111
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. ,.

Sciences, and the third part estimates new entrants from Universities and colleges.
.. ,

Field identification ,of the 1974 tiatiynal Sample and in the combined Manpower Charac-
..

teristics -System is shown intTable 15. The National Sample 'represents about.55% of

the total , with the proportion being hjgber in some fields ; notably the physical

science's, and lower lini the life and social sciences and psychOlogy.

i.

6

a

Table 15
U.S.. .SCIENTISTSAND ENGINEERSTin FIEL6,,1974-

NATIONAL SAMPLE AND TOT', MC

s

. 1 '` .' - Nati onai
.. S'ample, r

. Total Manpower ;,.
Characteristics System

kli,t,mber Percent'F 1 E !. D - Number Percent

Total, All rields 1,079,698 100,0) 1 ,973 ,200 100.0

Physical Scientists .1'-it7 1,21,011 11.2k* 185,300 9.5

Chemists . . 87,334 , 8.1- 138,000 7:0. -
Physicists /Astronomers . 27, 519 .. 2.5 42,400 2%1

Other Physical 'Scientists-' '-c6',158 .6 - , '7;800 .4

Mathemati cal Scientists - . 27,833 . 2.6 . .0 400 3.1

Mathematicians 20,076, '- V.9 0 41°,500 ; - 2'4
- . .

Statisti ciAns , . 7,757' .7 f 16;900, 2. .9
Computer SpeEialists '. ' 55,186', 5.1 125,500 6.4

Environmental Scientists .29_,466 . .. i" 2.7 52:000' ,2.`6 .

' 'Earth. Scientists ;, 24,5q, 2.3 - 46,600 . 2.3 .

- .

Oceanographers' 1,563 s 1

.
2,000 ,

,.1.;.?

AtrrosPheri c Sci eritists 3,314' . - .3
-(

,

. . 4,300", , .2

--t4.9LIeers , 687;911 63.8 1 ,b71,800 54.3
..... ,, ,

Life. Scientists . . . 75,462
. .

.7.0 r193,900 Y 9.8

- Bioloical Scientists 35 936
'

3.3
:

1113;000
)

6.0

Agricultural Scientists 28;790 2.7 97,900. 2.9

Medicai Scientists . ._ 10,7P 1.0 - 18,10Q - - .9

Psychologists . e 34,889 3.2 9/1,700 1,..,4,8

Social Scientists , 47',940 '4.4 184,70Q . 9.5

Economists ,

,
19,754' 1.8 54,600 2.8

Sociologists /Anthropologists 11,158 1.0 50,400 2.6-
:Other Social' Scientists 17,028 :: 1,6 81,./00 4.14

SOURCE: National 'Science ,Foundation, NSF .75-333 and NSF 76-312.

.
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. In' the 1974 totaLeStimateS; the NatiopAl Sciedce Foundation finds Only
. ,

.

185,000 women (8,000 engineers; or .75% of the total, and 178,000 scientists (20%)-
,t

.for a totall:eprevrIation,ofJest.than 10%.4: ,

.

.

In(1972, the National Scien e Foundation four that the
:-

proportion of persons
, , . ,, A .

uin each occupation whose highest degr e is in some other field ranged from 28.4%'of the
...,

Mathematical specialists to 9.6% of the'ptychologists, thus adding another complication
. .

to estimating supply On tbe basis qf degrees granted by field. Among those identified
.

as physical or life scientists, Tr example, less than 80% held their highTatogegree in

Ihese.broad fields. Within moreaetailed.fields, thevariation is wider. Among )04,413
. 4-4..

chemists 77% held their highesidegree in:Chemistry; but among 106,309 computer
'Jaw

-' , ,,.° ,

specialists, only 6% held their highet degree' n computer science And systems' lysis.'a

The prbportion of each grOup that has no degree or ieis than a bacCal Leate

degree ranges frop 11% of the engkeers',to less than one percent.ef tho life, and sdcial.

.

scientists. > ,'-, . ,
>

.
a

These groupsalso vary widely ii the level of Formal echicatiso achieved. 'The

proportion with doctorates ranges from less than 4%.of engineers to almost 50% of, psycho-

logisiS (Table' 16),'

sTABLE 16
-*..

EISL0 OUQENTIFICATION or ScIOITISWAND ENGINEERS, AND PROPORTIONS WITH
HIGHEEDREGREE IN THAT FIELD,'WITH NODEGREE AND WITH DOCTORAT-f-, 1972 )

4.

: _` '' '

field,of.Identlficalion,

,.'r
'Total',

% WithiM ighest

Degree (1972).
-' th Field of f.

Professional
Identification

.
,

% With Less
Than B. S.
Degree

- .

dE.

% With
.Doctorate

En ineer' . . 840,000 - 8,a.9 10.9 '- - 3.8

Math Specialists ' 13;132 .'''71.6
._ 6.0/ 30.1

Life.\Scientists 77,163 79 '.7 - 1036 32.5

ltlysical Scientists 4 179,812

....-

78.7 ' 2.2 35.0

,"Soc'ql'Scienlists.,. . 59,232 .7.7.1 0.6 : -. 32.4

Psychologists , 3647584 90.4 0.5 49.7

Source. National Science Foundation

D r
Women'were less likely than,,men 'in 1972to be working in the field of their

highest degree (Fig. 7)
.

s
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PerCent of scientists and engineers, total and women,
whoseield of study for highest degree helda was

settle as field of identification, 12
Field of

identification o

Engineers

Mathematical
specialists

Compute'r
specialists

Operations
research
analysts

Life_scientists

' Physical
saltentists

Psychologistg

Social
_scientists

25
(Percent)

50 75

5)

e-

100

Total

Women

.,////1///07.,././t.m,/,',W,01,1

Z"./717,/../7//7"1,0.-

ti2WWWWWWWWWW

°Bachelor's or hig her degree,

SOURCE National Science Foundation

Fig. 7

a.

To, show some of the difficulty in defining the manpower pool- for any field,

we .can use engineering as an sexample.

Examining the figures from the1970 Census and the 1972 Postcensal survey in

-pother way, we find that among the 966,000 whose highest degree Vas in .engiiieering,

only 584,000 were working a's' engineers vihile 382,806 were in' Other occupations. imong\--4(
-,.." .--,--. . .

the 1,242,500 listed as engineers in the 1970 Census, only 854,100 have an engineeting .

,

degree; 159,600 had a degr'e in another field, and 4-9,800 _had not earned, a baccalaureate

degqee. ..
..,

,
Schematically, this engineering populat ion of 1,242,500 from the 1974 Census,

. . . .
1

can be reduced' to 986,000 remaining after. through the National Science

2 r
0
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Foundation postcensal criteria. The remainder of this group, as re-surveyed in 1972

and 1974 reduces further (Fig. 9):

L ENGINEERS 441

Highest Degree Engineering )
966,000

Occupation Engineer, 1970 Censu,s-
1,242,500,

. .

Other.;

.-Occupations

381 900,

-
. .

$

.

584,100
. .

Other
Degree

159,600

Less thari BS' Degree-

498,800

-Engineers, -NSF Postcensal 1"treria ,

. 986,000

308,000 478,000

Sources:

National,,Sample, Engineers, 1972
,. 799,935

Es 1

t

o

Postcensal
-

- '

157,900

.

419.,800 126,900
I

LOJO ,

National Sample, Engineers, 1974 Postcensal
687,911

i115,900 536,100

U:S. Census Bureau-, National Science FoOnda ti on

N.M. 9

1

NatiOnal :Science Foundation's' estimate of a,,082,000 engineers in 1974 Compares

*
with BLS 'figures of 1,170,00'0 employed as engineers in that year. Most of this

differ-enc,e appears- to Pe nor-degreed engineers.

Probably the best measure of the science/engineering manpOwer pool , at least

,for 1970, comes:_.froni the National -Science Foundation's "redefined" augmented Census

sample Of scientists 4nd engineers, Which used a series of criteria inclulling self,

identification, eductibnal degree level and study field, labor force participation ,

NO other professional characteristics fo identify scientistsand engineers. The 1972
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t arid 1974 samplin-g is less comprehensive, since some persons in the longjtudima4-study,

fail to respond to successive surveys. The'estithated 1974 science and engineering

population (Table 15) includes new entrants to Ihe workforce since 1970.

Ooctural-Scientists and Engineers '

The doctoral workforce in science and engineering is of' specific concern,
r _ .

in relation to'acad'emic and research activities.

In 1975, the Commission on Human Resources of the National Academy of

Sciences reports, a total of 279,400 doctoral scientists and engineers who had

received their doctorate prior to July 1, 1974 were living in'the United States

Wi'thinthis total, 13,900 were retired oe were not in the labor force for some

other'reascr; bri.rgl'ro the giumber to 255,547- By 1976, the labor force of doctoral

scientists and engineers had increased to approximately 277,500, following the addition of

new doctoravos from the FY 1975- class, and the normal loss,es to'em/cration,,death-and

ti'rer\nt..

phe study of doctorates in 1975 provides useful inforiration about some

characteristics of this population:

tistribution by field of the doctorate and field of employment is shown in

Table 17: A net influxfromfield of doctorate to field of employment appears in

earth science, medical science and non - science emplpymentWhile physicS, chemistry!,

ct -d TABLE 17

Ellistributton of Doctoral Scientists and Engineers in shi'limted Skates.

1930-74 Graduates by Fteld of Doetorate,and Field of Employment. 19.75

Field of Doctorate Field of Employment

% N . %

All iclds 279,351 100.0 262.991+ 10O.0 .

Mathematics 15.989 5 7 16615 6.4

Fitysics,Astronomv 25,n5 4.0 17.880 6:8

Chemistry 43,248 15.5 33.077 12.6

Earth SQinces 8.813 . 3 2 11.149 .. 406.

Engineering 41,228 -14:8_ 41,616 15 8

Bioschanes
Atricultural Sc:iences 13,145 4.7 13.170 ,5.3

Medical Sciences 7,547 2 6 13.329 .5.1

Biological SclenLes 50o85 13.9 38.294" 14.6

tPsychology 29,435 10.5 28.901 11.0

Social Scien,cs 419.272 14 t 31.380 11.9

Nonsciences .5.519 2.0 12.958 - 4.9

No Report 184 % 3,422 13

.r

, .

'Leis than 11
, '

.Includes pmitcipctotAl a peoptka as ss ell as full-fipe and part-time emOlored.

s

Source: National Academy of Sciences
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biolog.ftalond social sciences show substantial net loss from degree field to

employment,field.
{N II

Only 9.5% of the doctoral scient4sts and engineerS in 1975 were women.

Fields showing highest'vroportions were psychology (22.3%), the biosctences

and the social sciences (12.3t). Women made up 17.2% of the non-science doctorates

working in science, but only 0.5% of all dOctoral engineers were women. Racial

.8%),

minority groups comprised a little over six percent of the total including eleven
.

percent of the engineers and more than six,:percent of the bipscientiSis4

. -

About 2,500 of this group were ,unemployed and seeking emplorent, for an

overall ynemployment rate of one percent. ,HoweVer, 3% off women and only 0.8% of

the men reported involuntary unemployment.

Almost five percent of science and engineering doctorates were working

in non science fields in 1975, while twoppercent of doctorates employed-ih science,

-or engineering held a non-science doctorate. Among the most recent graduates, (1974)

5.1% were employed in non - science fields one year after earning the doctorate.

DEMAND

Estimates of long range future demand usually are either projections based on

past trends which incorporate certain demographic ;Statistics, or surveys based on the

hiring plans of major employers.

TheAureau of Labor Statistics regularly forecasts empl9ent trends ten

years ahead, using economic trend models hedged by consideration of expected federal

R & .D budgets, defense expenditures, and industrial expansion to meet demand for more

goods and services. Estimates a're provided as averages over a decade, without specific

reference to the irregularly spaced dips and rises in demand which 'occur repeatedly,in

engineering and scientifjc emObyment.
. . ,

The 5LS projections examine demand for an entire profession, combining all

degree level and breaking down the components ,of demand only by employment changes and

replacementneeds.1976 projections.
7

by 8LS of average annual opening94scientifi ,

and technical occupations for the period of 1974,_to 19'85 are shown in Table 18.
,. .

/

eb ,

:3)
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TABLE 18

ESTIMATED 1974 EMPLOYMENT, PROJECTED 1985 REQUIREMENTS, AND AVERAGE ANNUAL

OPENINGS, SCIENTIFIC AND TECHNICAL OCCUPATIONS,J9-74 - 1985

Occupation

Estimated
employment

4 974

Projected
reou4ements

1085

Percent
change
1974 -85

Annual drerage openings. 1974-I85

Improyment
change

Replacement
needs)

'Scientific and technical occupations .

Conservation occupations
.

to
C t

Foresters ... . ?4,000 29.000 20 5 950 450 500

Forestry technicians: .. . . . 10,500 13,800 32 1 500 300 -`. 200

Range managers 2,560 3,850 53.9 150 100 , 50

- *Engineers 1,100.000 1,500.e00 32.8 52.500 33,500 19.000

Aerospace 52,000 58.300 12 1 1.100 550 550

Agticultural A..
- 12,000. 15.900 32 5 550 350 200'

Biomedical .... . 4. 3,000 4 000 33 3 150 100 50°

Ceramic 12 000 . 15,900 32 5 550 350 A 200

Chemical . . 50.000 62,800 25 5 1,850 1,200 , 650

C.iil 170.000 228.100 36 6 9,300 5.600 3.700

Electrical .. 290.000' , 378 900 32 0 12 200r 8 400 3.800

Industrial . 180 000 227 100 26 2 t200 4,300 2,900

Mechanical . 185 000 237.000 29 5 7 900 , 4.900 3,000

Metallurgical 17 000 20,000 21 2 550 300 250

Mining 5.000 7.100 42 0 '850 200 ' 150

Petroleum . 12,000 18,200 51 7: ' 750 550 200

Erroionmental scientists

*loots. 23.000 32,000 )9 4 1300 800 ---
.1

500

Gen'Orysicists c
I 8:200 11,400 39 4 450 300 150

Meteorologists . 400 6.900 23 3 200 100 100

OLeanographers 2,a03 '3,100 22 5 100 50 50

Life science occupations

life scientists 190.000 245,000 29.0 10,700 5.400 5,300
.

Mathematics occupations -..

Mathematicians ..- 40.000 46,100 16 5 1.550 600" 0 950

Statisticians 24.000 31,000 32 6 1.450 650 800

Physical scientists i

Astronomers ,. 2.000 2.100 4 Q 30 10 20

.,,Chemists . 135.000 173.000 28 6 6,400 3,500 2.900

MIWOStS . ....1 ° 48.000 59,400 25 0 1,700 1.100 600

Other scientific and tecnnical,
occupations .

P.

BroadcAt technicians >' 22 GOO , 26.000 18 2 1.350 350 1.000'

Drafters . . 313.000 `.. 444.000 -*. 41 7,, 17.300 12,000 5.300

Engineering and'science
technicians . . 560.000 794.000 41 4 32;600 21,000 11.000

....

5
-

Surveyors . . .. . 55.000 - 8Q:660 59 2 3.600 2.700 . 900

Computer and relates occupations ..

Programmers ., ..... ...... . 200,000 285,000 42.5 13.000 7.800 ^ z6,200

Systems analysts, . 115,000 -_. 190,000 65.2 4:10e .1)(70 zloo
Social scientists'

Anthropologists . 3.800 5,400 ,42.9 250 150 100

Economists .. , .. 71,000 foixxio 459 4,700 3,000 1.7.00

Geographers
Historians

9,000
26 900

13,000
32 000

42.8
.19 8

650
1.300

350
° 500

300
800

Political scientists .. 11400 14,500 27.5 "600 300 300
Psychologists 75,000 105'000 40.7 ,,,200 2,800 2 400
genzilogIsts 14.000 18.000 28 7 750 350 400

*Totals do not equal sum of individual estimate \because all branches

of en9ineering are not co'ered separately.

Source: Bureau of Labor Statistics

n31 *

0

4



-27--

TABLE 19

Requirements for Engineers and Scientists by Type in Selected
Ehergy-Related Sectors in the United States, Assuming Maxiown
Iffo,t to Develcip Domestic Fuel Sources, 1970, 1980 and 1985

;ENGINEERS 1970 , 19180 1985

onstruction Engineers 2,500 3,100 3,300

hemical Engineers 33,600 42,300 51,500

-Nil Engineers 14,200 18,300 27,200

ectrical Engineers 25,600 L, 50,000 65,500wE

ndustrial Engineers 6,000 8,760 12,000

Mechanical Engineers 8,000 19,900 30,00
"Metallurgical Engineers 900 1,900 . 2,700

.Mining Fngineers ' 700 1,400 . 2,200

Nuclear-Engineers 600 3,600 6,200

PetrOeum Engineers 5,690": 7,300 1,600

SaleS%Engineers 900 1,906 2,600

Enginrs, Nec- 3,700 9,700 11,600

Engineers, Total 101,300 168,500 22410

SCIENTISTS 1970 1980 1985

Agricultural Scientists 40,0 400 \\... 500

Biologists 900 1,300 1,500

themisb 13,20o 19,100 27.800

Geologists and Geophysicists) 8,100 9,900 11,100

Marine Scientists 38 41 46

Mathematicians 7,500 10,000 13,900

Physicists 8,000 16,500 22,800

Life and PhyOcal Scientists, Nec 1,613 3,600 .4;900

Scientists, Tbta} 39,700 ) 61,000 82,800

GRAND TOTAL 141,000 229,500 307,500

Source: National Planning Association.

Some long range demand

studies deal With job opportunities

or needs only in a particular

project area without reference to

demand in other sectors of the

economy for the same kind of pro7,

fessionally trained people. A'

typical example is a National

Planning Association study of

demand through 1985 for scientists

and engineers. in selected energy

related industries.
8

The author,

IVars Gutmanis, found the 1970
.

employment of engineers in these

industries to be 101,300 or about

12%of the engineering workforce.-

By 1985, Gutmanis prdjects an

increase Of 122% to 224,700 ..

engineers in these ene4y-related industries (Table 19). Making i'6ugh estimates of
s

suppl5t.. y A 840,300 in 1970, increasing by roughly-31300 new graduates and 2,000 immigrant
4

engineers per year-minus 1,5% per year attrition throUgh. 1985, the,engineering Workr
t .

force in 1985 might beabdUt 1,109,400. The energy-related engineer requirement of
*z_

224,700 in 198*-would thus represent 20%, of the tot ngineering workforce in that

year, compared to 12% in 1970. Qr. Gutmanis estimates that more than 30% of the

engineer supply will be needed in these industries by 1985.

AL. ....

A" much More,conservative estimate of increased manpower deMand for energy

activities comes from a report by an Energy Task Force of the Rational Academy of

..
Engineering

9
which estimates a need for 30,000 additional engineers by ,1985 to eliminate

or substantiallyreduce energy imports over the coming decade.-

V_ r

.7;
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For scientists, principally chemists, physicists and iieosqientists, the NSF -

sponsored report by theyational Planning Association says that manpower' demand would

rise from 39,700 in 1970 to 82,800 in 1985 - an increase of 108%. Assuming a continuing

drop in the number of physical science graduates.for i few more years, followed by a

steady state through 1980'and a slight rise thereafter as projected by the National

Center for Education Statistics
10

, the proportion of the scientific workforce required

in these energy-related industries also will rise. Gutmanis estimates that by 1985,

about one third of all physical science graduates would be required in seven energy-

related.related.industries, compared tQ about 15% of the total so employed in 1970. This .

, study also stresses the need for experienced scientists and engineers in these areas, ".:

as well as the need for' persons with training beyond the bachelor's degree.

TABLE 20

ESTIMATED EhPLOYMENT_1N SIX ENERGY-RELATED
INDUSTRIES * OCCUPATION 1970 and 1980

**
1970

*.
1980

Ch4agg
dumber , %

ProffIsional/Technical
Kindred Workers 457,203 761,000 303,797 69

(Eogineers) (124,856)(252,000)(127,144)002:

Crafts and Kindred 744,332 1,385,000'60,668 86

Operatives . 1422,170 715,000 29`2,830 69

Laborers 243,007 487,500 244,493 101

Sales/Clerical/Service 352,143 663,000 310,857 68

TOTAL 2,212.855 4,011,506 1,798,645 81
. . , _

General Contractors excep U3 ing ; gto g ,

Turbines. Crude Petroleum V.Naturll Gas Extraction;
Peteroleum'Refining; Electric Utilities; Coal Mining

**From 1970 Census
***FE0 Intermediate Scenario for Project Independence

Source: U.S. Department of Labor

In a study made a

few months earlier by the

Manpower Administration of

. the Labor'Department
11

, the

Secretary of Labdr,reporting

on the impact of energy

shortages including fuel

rationing upon manpower needs,

discusses the impact of current

employment and provides pro-

jections

-->)

from 1970 to 1980 in

positively-affected

industries: general contractors (except building); manufacturing of engines and turbines;

crake petroleum and natural gas extractions; petroleum refining; electric utilities and

coal minirig. As shown in Table 20, :this report Projects an increase of 102 in the

number of engineers needed in these industriet between 1970 and 1980, wi

numbers increasing from 124,856 to 252,000.

h the actual

4

A study do4'earlier in 1974 by-the National Planning Associatidn12 on the
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TABLE 21- ,demand for scientists.and engineers

i Ettimated 1 mblitynt.ni Ili inurement, I tr r.,., , 17,s 01,1 Engineeii.
for environmental pollution abatementsoected indust.,,,, dpoll,,o,, tow,7, tont SO 1,01(...S. P.

197% 1980 and 1'28',! .
e

1 ...- found '80,400 scientists and l0,200
'v Protected Employment Ft.-comments,

n11980 .. . m1985 engineers working, in pollution abate-
-

c 9

2 i ... I: 2

.
12' c,'4

11
15,...c

1
-ment industries in 1970.- In'1986,'

. e 0.
Fi

4. s *i , ;.
rmptoyment

Tr; Z ' i O' :( c
1.-,,i, assuming.a middle ground scenario that

Category in 1970 111 ro iii It- 'to lI 0 I. ,84 w9

SC/Cl1,5.1$ . f:0,4CO 113 332 127 620 142 767 1:2,9,481 150,913 continues present, policies,' the demand
Engineers 100 200 138,403 158 190 174 042 171 180 180.739
Total 160.600 2511.729 285810 317,809 307601 ' 321,625 - )

rises to 127,620 .scientists and 158,190
' industries icfrre,1 in arc food ti t mica's, tiati:cr, prima, y mrials. And Pen olcum refining

I NPA estimate ua,,t1 on iye.oiclinii ul Census and c.iiniaiet by (hi 8,61RJU Of it abut Statit6ts engineers. By 1985, the, same middle

Source: Natibnal Planning Association
ground,Scenario showS need for 136,480

scientists and 171;,180 engineers (Table 21). This means that while 30% of the scientists .

were working in pollution abatement induslrie; in 1970, that proportion was projected to
1 -

1 ,

rise to 55% in 1985. For engineers, the 12% of the 1970 workforce would increase to 26%
;

by 1985, according to the NPA study.
)

1,

/ Atcordi'ng to tfiese studies, for energy and pollution abatement alone, 63% of

II /
.

the scientists arid approximately
/

55% of the engineers would be required. The projections

might have been different if these studies had looked at a wider picture of demand for

scientists and engineers, recognizing that none of these project activities-occur in a

vacuum, but are:instead, related to all other technological effort§ being carried out

at, the same time,

These studies,,of course, make particular`assumpttons about the amount of

funding that will be applied to such subjects. If the COngisitS'.,decidesithat federal

resources should be allocated in smaller proportions to activities such as energy and

environmental problems that have high technological manpower)tontent, and instead funds
,

programs that have a low science and engineering manpower component, the demand for

scientists and engineers could be reduced

' Current and Short Range Demand

There are several short -range or current demand studies, performed on a=

continuing basis. Sbmemeasure demand for new graduates while others examine the job

3
1
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market fOr experienced scientists and pngieers. These two/markets operate differently

and often independentlynploying dl,fi6rentrecruitment methodsnd different

techniques. Some companies actively recruit new Science and lengtineering graduates

even as they are laying off older scientists' an engineers. There are a 'number of-

reasons for this:the principal one being. that different kinds of jobs are involved ,in

,- . .

the two markets. New scientists or engineers ire needed for entry 10e1 position§ with

.
. . ,-.

high technical content, and for management trainii'g. Openings for expefiedced engineers'

' ft/ . \., .

.
and scientists usually are much more specific in terms of job requirements, particularly

, . .

.

,

on the technical side. Older scientists and en ineei's sought for management positions
_ ..

....

. 4

may be required tohave extensive experience in a part ular industry or productarla.

Additional factors thatente the job hiring picture are the relative differences in

cost of employing new graduates versus those with several years of experience;' and the

malleability of the younger persons, notonly in terms of teChnival work pliceMent but

also in an easier ability to make geographic shifts. Thus, the job market for new

graduates.is often out of phase with that for experienced scientists and engiheers,
.7/ . .
prFaing a continuing problem of career instability, particularly for the older

engineer, which adds to the difficulty ofattracting young people into the ftqld.

phenomenon is relatively new in the sciences, but.the unemployment probleml of:older

physicists and chemists over the past few years have had an obvious impact on career.

.choice's of young people which show up in falling enrollments in thelphySical sciences
.

at a time of,generally rising enrollments.

Demand for New Graduates

Demand for new graduates,is measured principilly by two ongoing surveys - one

A

donerquarterly (and summarized annually by recruitment year) by the College Placement
- ;

Council (CPC);,andone conducted annualOy by Frani( Endicott of Northwestern 'University.
lip

Tte CPC survey is in_twoparts. The firSt measures actual job offers iffy

business and iCidustry to new graduates inclUding median salary ofters.by,degree'level.

. s.

The otherICPC surveblonducted each December', covers positions that ate expected to be- ,-.'

available over the coming year:in tusiness, iridustey, government, and nonprofit and
,

1

A '
/
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0 J
educational institutions,..except for teaching positions. This survey examines potential

job opportunities in four broad disciplind categories at all' degree levels: engineering;

Science-Math-other technical; business; andAbther non-teanicai. .

0

The December 1976 Survey
13

f,inds that opening anticipated by more than 600 ,

NI

.,

employers indicate they expect to hire 2)11,U. more.engineers in the, 1976-77 recruiting
el i,

; 1

season than in 1975 -76. The "sci,ences/math/other -technical" 'category shows an` indicated

13% gains, with prospects for Ph.D. candidates in those fields up 1 9%. -Hiring patterns

in 1975-76 and those anticipated for 1976-77are skim. in Table 22* , .

g TABLE 22 .

NUMBER OF:HIRES AND PERCENTAGE CHANGE BY CURRICULAR GROUPINGS AND DEGREE LEVEL'S
(1976=77 Anticipated; 1975 -76 Actual]

, Decem r 1976

777

.

Bachelor's
1976-77 1975-76

Master.'s

1976777 19757/6
Ph . D. 's

1 6-77, 1975-76

.

Total --Gurritul um'

1976-77 1975-76 -

Engineering 17,8E19 14,484 2,.840 ' 2;223 83 479

.+22%,-

21,371 17,229

+24% +28% : +24%
Sciences, Math., 8,645 7,737 1,382 1,,210` 785 66(1.2. 10,839 9,620

& Other Teoll. +12%. - +14% +19% '

,

+13 %' .

Business -.20,199 19,207 5,062 4,3427 32 20 25,358 -`23,622
+. 5% +17% , -* + 7%.

'18,835-Other : 17,568 16,639 1,208 683 57 53 17,408

Non-Technical + 6% +77% . + 8% . + 8%

Unclassified as 3,484 . 3,669 1I3 856 60 .'. 1-01. 4,364 4,485

to Curriculum , 5% +33% .. . -'41% .* - 3%

Total 67,7.85k 61,736 -10,605 s8,5 42: . 1,51.7 '1;313 80,767 72,364*

Degree, +10% +24% - 1-16T +12%

* Final totals represeht data reported by 616 comPanies and ,include those inicl..as0 fi ed by

degree.

.

''' Source: Col 1:ege Placement Council, _

** Percentages not meaningful because of.sma)1 volume.

4

i
The 1 976 Endicott Survey-of 215firms

14
. found. that these companies expected

to hire 16% more graduates at the bachelor .and master levels 64 in>1975776, with
-,-

o. )
.. .

demand for graduates in engineering up 29%.. Starting salaries, one periphe104 measurd
,

of demand, are expected to go up between fourand seven Percent with eng4agering
!': '

salaries increasing aboUt 6.6%. At the master's' level , engiheering hires Are expected

, '.4 rise 10% whil6 all master's level hiring will increase 16%,mithin. thesq,comAniet.
,.";.?.

N...... ,,,-... .
-,

.

.

---MBA.'s and accounting graduate's show the largIst :increases.
::

)

. .
, .

. .. "
2: -x,.:,,,i-,.

3
,

.40777 .

r



00

TABLE 23

PLACEMENT SJATUS OF

1976 ENGINEERING AND 1101NOLOGY GRADUATES

Engineering Deg.

Bach. Mast. Dr.

Techn'I'gy Deg.
Aiso. .Bach.

Employed, New 56% 42% 65% 49% 68%
Employed, Returning to Job . 2 17 11 9 6

'.full.firkeStudy 18

7

20 3

10 12

24 .
1 1

6
6

dering Job Offers 3Considering 2 1 N 6 5

Seekiag Employment 14 I9 8 10 9

qOurce: Ennineerina Manpower Commission

,or

32 - '4

PLACEMENT STATUS Of BSLENGINEERING GRADUATES,

1958.1976
NO OFFERS OR,PLANS

0/vo
100

90

80

.7D
60

' 50
40

, 30

20

'10

1958 1960

. Source:

f

1962 1964 1966 1968 1970 1972 1974 1976

Engineering Manpower Commission

Fig. 10

The Engineering Maniwer Commission examines pladement of new engineering

graduates each year:15 Table 3 shows the placement status of the 1976 class, and Fig.

lecompares graduates over a long period of years at the approximate time of'graduation.

The proportion already employed in 1975-1976 is approximately the same as in the rat

1950' prior to the Vietnam War years. . Between 1967 and'1970, an engineering j was '

.

usually accompanied by an.occupa6onal deferment from the draft. The high proportions

entering graduate study-betwescrt-1-965 and 1967 (when deferments for n graduate students

ended) also Can be attributed to the condi.tions-cl:the Vietnam

The drop inthe number still considerthg.job o ers at the time of graduation

corroborates other evidence that new graduates are tending to take offers When they are

made, so that fewer offers need .to be made in order 6 fill anopening. Among those

. . ..,

with no offers are other plans.in 1976, out 6% were not seeking employment, 'Nonethe-

less, almost 14% of the total wh6 status was known listed themselves as lookihg.for a
, .

'job A the highest peoportiori ofany graduating class in the years since 1958 when this

.

!mi. . ,. , .
9 +4

survey began: Since the1975 and 1976 classes also were the smallest in many years,

the jab outlook or the larger.clases that will be graduating over the pext few years
.

will be cause fo concern if the national economy continues to stagnate.

WitKin the individual engineering disciplines, there,wes wide variation.

Amon4'petroleuM engineers, only one percent had no offers or plans at the time of

0.

1.

A
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4graduation compared to 35% of the arcOlecturali.engineers, 22% of the civil, 21% of the4

nuclear, 18% of the mechanical and 15% of the elctrigal and industrial engineers.
oe

A Categories showing the smallest proportion of the class without offers, in addition to

the petroleum group, werle mining and geological engineers, chemical engineers, and .

,

ceric engineers, all, under 10%.

. At the master's level, 9% aft group had no offers of eans, ranging from 7%

. of the chemical to 13% of the ciVil engi eers. 'At the,doctoraNevel, only the

mechanical engineers showed major,problems with lt% having no offers or plans compared.

.
to 8% of thetotal. . , .

1
It would appear.tMat most of the new graduates were absorbed into the fob

o a

market by the end of the summer. The'Bureau of Labor Statis,tics showed an overall .

unemploplent rate for emgineers-tf only 1.3% for the second quarter and 1e.5% for the

0,..

third quarter of 191.6. This,proportion is less than half that which occurred in most
r . ., ,

. . .. ...

recent
/-
recessions. However, some of these 1976 graduates may have, ound work. in non-
,',::.

.
,

s engineering jobs.

Bachelor of technology graduates in 1976.were in stronger demand,, both fn

relation to the 1975 class a.nd to the enginderfng graduates of 1976 since only 10% of

the bachelor of technology graduates were still seeking emplo ent at the end of_the
? .

,_
school, year.. (Table 2.3)) ),

omparable information on'pla,cemen't of new graduates in other, fields is.not
t. .

'available. Holvever, in spite of problems encountered by new engineering graduates in

lodatin§ jobs, this group apparently had far better employment prospects than graduates

iriVt othee occupational groups: Salary information, one indiCator of demand, shows

-, Os
that engineers continued to tp\a-l'i bachelor degree graduates in terMs,:of beginning .

- ,

salary lelels and .were about equal At the master's and doctoral levels to ti-lb business. -. .
...

,, .

and science-fields. Chemical enginers.heade all salary groups at both the master and

a.

doctoral levels.

.

The dfstilbution Of.offees by .curriculum group from the Colle_ge,Placement

CouncilTdatajor 1976 is shot4h fin Table 24. These figures indicate that) the problem

-

33.
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TOLE 24

fiS413FTRIBP COLLEGE GRADUATES AND

.mgrOFFERS BY CURRICULUM GROUP

197546SCHOOLYEAR

Degree Level

Category % Degrees % Offers

Engineering 6

Science 8 Math. 14

Business 18

Hum. 8 Soc. Sci. 62

50
8

33
8

Degrees % Oilers

9 32
14 8.

20 57

58 3

% Degrees derived from Projection of Educational Statistics
to 1984 85, Natiogal Center for Education Statistics % Offers derived
from College Placement Council, Inc. Salary Survey, Final Report, July
1976. Comparable salary data for PhDs not available.

TABLE 25

Educational status of the labor forte and The
unemployed, by sox and race, March 1975

34 Xi 4

is concernedwith an economy that cannot readily

absorb the n6rly available college graduate

ent'ants, rather than a problem
(

ia placement of

engin4rs. To maintain-perspective, we should 'note

that the unemployment rates fonnon-graduates are

;.

much more of a problem.

As shown in Table 25 the labor force%

in Marcfi 1975 fncluded 16% college graduates, but

only five percent of the unelliployed population had

four or more years-a.college. Engineers were

be..tter off relative to other.graduates in-terms of
-

job offers than in 1974-75; while the science/math
lynnt distribution'

. , .
e
' ' Tigre el school completed end
i labor force status '

'

...

,

Total,
16

years
and
over

Men

$
.

Women White

.

Nigro
and
other
races

- (4
CIVILIAN tA6OR FORCE

Total . .., .. 100 0 100 0 100 0 100 0 100 0

Elementary school Less than 4 years 1 5 7 6 7 4 1 4 7 13 3
8 natl.,. ... .. 6 0 6 6 5 0 -6 0 , II

MO school' 1 to 3 years .... 17 5 17 5 17 5 16 8 23 0
4 years 39 7 36 34, 44 I 40 3 3%1

Wog,' ' 1 to 3 years 154 IS 5 15 3 15 8 ag4

td.
4 yens or more 15'7 17 3 13 3 16 3 wit

4 701% of high school or more . 70 6 ,, 631 73 4 72 4 S7 9

.4
UNE1141.0TED 1 )' 11+

-. ,

' Mal 100 0 Rio 0 100 0 lodo 100 0

timolary school Lestlhan I yeah':.-
8 yiiis ....

7 7
74

. 9 5
14

5 1,
59

e 7

77
12 3
60

High iiihnol* i 1 to 3 aaaaa , . .... 28 9 28 8 29 2 27.7 34 4
t 4 years_ .. _ ..... . 31 4 37 0 42 8 40 L 35 9

Cede,: 1 to 3 years ..... . 11 6 11 4 II 9 12 3 8 5
n 4 years"( more ..... 5 0 4 9 5 0 5 4 2,9

4 yens( high school or more, ,. , 58 0" 53 3 59 II 57 9 47 3

Intudes persons rspo;ling no school years colleted

NOTIE:Sums of individual items may not anusltotals because of rounding

group had relatively fewer prospects ( -,able

Among new Ph.D.'s in 1975, 20.5% were

still 'seeking emp or ent at the time the degree

was awarded including 15% in physics .and

astronomy, 11% in chemistry,. 1.4% in the earth

sciences, 24% in matkmatics, 21% in engineering,

12% in the biosciences, 22% in -psychology, 13%

. in economics, 20% irr anthropology and sociology -°

and
a
21% in political sctence.

16
In the humanities,

31° were still seeking jobs when the degree was
IP 't

'-received.

TABLEI6,
e.

Distribution of College Gradiales and Hires by'Disciplinary Category;
197445 School Year

Diego test
is ms pho b

Ceirigery

r Engineering

Sciencel Halt."
Business'

Otter Non-Isch.

% Dorms %Inns
5.4 246

121 11.5

187 263'
63.3 373

% Omits %11,ker %estrus %Wires

10.5 . 236 12.7 38.5'
12.8 16 4 ' 373 48.8

20.3 53.2 4.7 2.6

56.4 . 6.7.
c

50.3 102

Severt.'% Degrees derived Imi;PrejnOvis et Enrollee+, Stetrshei e 114144. liebea Center ler-Edenton Stabstirs.9: Kris Mind
Ws teiNge Nand Council; Irk_leperi ea Luesonel el hermit Windy Is 1,14.75.

-:'

'3 9
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After rising fairly steadily from january:1972 'Orugh:the first half Of 1974:

the Index dropped sharply through the remainder 'of the year and stayed low. through 1975,

By Mia'year, the index again -rose above its baseline, hitting a25 month nigh in .

0

'October, 1976.'

Academic Demand J.

)

The-number of scientists and engineers erployed full time by universities and

colleges wa's 230,500 in January 1976, according to the National Science Foundation.

Following growth over the previous six yeari, the total of all scientists and
OA

engineers employed at universities and colleges rose 3% in 1976 to 289,200, with 58,700

being part-time employees. The part-time employees grew 5% and thefull-time employees

43%.over'1975 wii-h*increases ranging from cearly 7% in the sodial and'brivironmental

sciences' to 1% in the life sciences and engineering.
17

.

-The distribution byfield and sex of fail-time scientists and engineers is

shown for,)January of 1974,76 in Table 27.
18

TABLE 27 .

" FULC-TIME SCIENTISTS AND ENGINEERS EMPLOYED IN UNIVERSITIES AND
.COLLEGES,, BY FIELD OF EMPLOYMENT AND SEX: JANUARY 1974-76

.

Field of employment ''

1974 -=., ;1575 1976

TOTAL . HEN WOKEN TOTAL KEN I

100.691
_1

WOKEN. TOTAL MEN WO/EN

Total
.

Engineers (Total)
Aeronautical 6 astronautical

engineers
Chemical engineers
Civil engineers
Elettrical engineers
Mechanical engineers
Other engineers

Physical scientists (Total) .:

Chemists ., ''4

Earth scientists Ifyl
thysicists
_Other physical scientists

Mathematical scientists.(Total

Life scientlsts (Total)
Agricultural scientists
Biological scientists
Medical scientists_

Psychologist (Total) .....d

Social scientists (Total)
Economists

. Sociologists
,Political scientists
Other social scientists ,

218,843 186,401 32,442 224,784 34,133 230,539 194,610. 35.929

22,764 22,425 339' 22,579 22,210 369 22,799 ' 22,352.

t

447'

1,. .021

1,522

3,759 .9.

5,402
4,255
6,801

- 1,001

1,500

3,698
5,347

4,22 _

6,657.

27

22

61

57

, 33

141

944

1.603

3,830
5,394

4,355
6,453

919
1,;578

3,769

5337,
4025
6,282

,'

25

25

61

57

30

171

963

1.622

4;008
5,393
4.151
6,462

935 ,

1,545

' 3,925
5,319
ION
6,282

X
28

37

83
74

45
180

33,412 31,146

,

2,266 33,479 31,158 2,321 34,442 31,942 2,500

14,075
6,563

10,870, ,00,475
1,904

12,690

.6,236

1,745

1,385

327

395

159

13,826

6,789

'" 10,941

1,923

12,395
6.469

10,554 .

1,740

1,431

320
387 ,

183

14,172i

7,260,
1cu67
7:143

12,651

6,881
10,465 I'
1,945

1.521
, 379

4b2
198

22,157

88,900

19,135

70,844

2,822

18,056

22,392

92,004

19,467

, 73,447

'2,925

18,557

.

21,081

92,589'

19.988

-73,910

3,093

18,679
1,417

6,987

10,275

-12,781

31,539
44,580

11,320
25,804

,33i720

1,461

5.735
10,860

13,613

33,490

44,901

11,817

27,116
34,514G

1,796
6,374

16,387

12,963

- 34,744

44.882

11,546
27,757

34,607.

14,957

36,653

11,769

30,882

3,188

5,771

15,995

38,335

12,407

31,962.!

3,588

6,373

16,758

40,870

12,781

'13,637

3,977

7,233
9,830

10.048

8,396
8,379

.,

9,042

7,672

T.533
6,635

788
2,376

863

1.744

10,190
10765
8,692

8,688

9.327
8.129

2.796
6,710'

863
2,636.

896

1,978'

10 4
11,389 9

9,027
10,044

9,458
8,472
7,999,
7,1.08

, 952
2,917
1.02,8

2.336 ,

It Includes data for atmospheric scientists anA ceanographers

SOURCE: NATIONAL SCIENCE FOUNDATION

The number of womeneepployed full time as scientists and engineers reached .a?number

j1.
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35,900-An January of 1976, butomen still make up only 16% of the full-time scientist

and engineer total in cadetnic institutions,

1

faculty-level of abOut '230,000 by 1985, down 7% from 1972. In the physical sciences, a

The National Science Foundation forecasts a probable science and engineering

drop of 25% is expected.
19

Demand for Scientists and Engineers in Research and Development

R & D spending is projected by the National Science FoundAion to-increase

.about 3% a year from 1974 thru 1985, reaching a total- of $38 billion measured in constant

1972 dollars. The gt:adual decline in.the ratio ofR & D expenditures to the Gross

National Product which has been experienced since 1964.1's .expected\to continue through

1985 when R & D as a percent of GNP is projected to be 2.0% compared to 2.2% in 1976'

and 2:9% 9n 1964. Industrial R & D spending is expected to grow at an annual average

rate of 3.5% between 1974 and 1985.20

In 1976, R & D, expenditures` are

the 1975 level and, for the first time in

expected to total 23.5 billion, up 8% from

three years, showing an increase in terms of

constant dollars, assuming'a 6% inflation rate for 1976.21

TABLE 28

Full-time equivalent (FTE) scientists and engineers employed in research and development.
by sector. selected years'

,rai* 1ln thousands neering

Sector
1

1954
I
, 1965

' f196. '1970

3tal 237 1 494 1 550 4 549 St

Federal Government 3 37 7 j. 61 8 68 1 69 8
Indisstry45 , 164 1 348 4 381 9 375 5
Unwersees and colleges,
total 25 0 53 4 66 0 1 68 5 1,

Scientists and engineers
Graduate students6

,

4.7-
404
430

490
170

503
182

Universdy associated
FFRDC's, total 50 E n.1 . if 2 11 5

Scientists and engineers 4 9 10 7 .10 7 , 11 0
Graduate Itudents6 1 4 4 I 5

Other nonprofit
instttutions4 7 -

ScienCe anengi-

emploYm6nt in research_

1971 1972 , 1973 i 4974
( 1971 and development is, of course,

529 8 521 9 521 1 517 2

65 5 66 2 62 3 65 O.

3581 353 3 357 4 357 9
64 5

358 0

684 665 648 667 710

, 498 489 . 432 492
186 476 166 175

directly tied to R & D

funding.' R & D at univer-

and other nonprofit
18 4

.sities526

12 0 12 1 118

4

, 11 0 11 3
5 , 4

11 7 11 8

3

/
°53 1914 232 ; 243 250 252 246 5 24 2

'Number of hat n,* erroloyb.s Vus the FIE of Pah or-se employers
Err-folk-4 icienttsts and engri.ets etTtbytri .8tate ao.j ioca( yiever,
mint akertves,"
7Est(mate

3toblubles both ciia.Sh and rdaity sr..ser personnel and managers of
Rbt) ?Mashy RE8D sckTosts and engineers ,n groah4ant of
Defense were estarrated at 7 006 n 1954 841(7.0.n 1958 9 300 (h.1961
12 COO. 1965 13,000.1968 14 030,n t969 and 4970 12 COO 1971
to 760 a+ 1972, 8 'CO. +973 7 600.. 1974 and 7 700 n 4975

R&D petsoroset rh+oy8 a F F R DC s aC,r,
teted by oprozatrons trarsebtor
5Ercludes soc+at kre.trtts a

Numbers of FTE graduate students trv,d5 *n0 t^gag",1 '

REt0 Source! NatiOnal
71nrlocles estaTate for R90 scmnostsa-id erg+reeti.raoved . State .
at fasa t ecf assotot tons such as hospitals 'muvheris'ttc Science Foundation
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institutions is projected to

grow only 1% per year to $1.1

billion by

The number of 'full- --

time eckivalent scientists

and engineers employed in

research and developMent by

a*.



, "AY

38 -

../
sector in selected years frora71 954 to 1975 is

1 TABLE 29

R &D- SCIENTISTS AND ENGINEERS IN
PH.D. GRANTING INSTITUTIONS

BY FIELD, .1966-7.4

shoipn Table 28.

Approximately 530,000

scientists and engineers were

employed in R & D activities in

1974
19684Field of science 1966 1970 1972 1973 (Prelim )

.
EStimated scientists and engineers (as of January)

Physics 5.400 6,200 6.500 6,100 6.800 .;14710cy

Biological sciences 29.500 32.700 34,800 34.000 33.400 33.603

Engineering . 15,200 16.600 17,200 17,900 18,000 18.000

Chemistry 5.700 6.400 6,800 .. 7 100 7,300 7.800

Clinical medicine 30.200 37,000 43.200 47,400 48.300 48.100

Psychoefogy 3,800 5 000 5,900 6.600 7.100 7,600

Social scerices 15,700 19.700 22 100 24,300 24.900 25.400

mapernabc"ii sciences 6.100 7,600 8.900 9.600 9.700 10.400

SOURCE: National Science FoUndation

universities, by field, is shown in Table 29.

1975, with two-Ihiras'working for

industry, about 16% employed in

universities and colleges' and an-

other 12% in the federal government.22

The number of R & D scientists in

TALE 30,
For, al 1 industries,

.

SCIENTISTS AND ENGINEERS IN INDUSTRIAL R&D, 1974 AND 1975 the overall ratio for R & D

r

,

.

Industry' -

R&D scientists
and engineers

January
1974

.

43nuary
1975

Total . . . . - 358.200 367,500"

Foud and kindred products . ; . . . . 4. .. 6.600 7.000
Tobacco manufactroes ) .... . . . 900 -*-elgib
Textile mill products e 1,600- 1.600
Apparel . . . . . . . '300 300
Lumber and wood orodacts. exceptfurniture ., . 800 900
Furniture and fixtures ... . . -. . . . .. 900 1,190

Paper and allied products . .. ...... . .. . 4,900 5.300
Feinting, publishing, and allied industries 1,000 14,1C0

Chemicals and allied products . ..... . . . - - 41,600 43.400
Petroleum ref min; and extraction .. .. ,...,4.4 ... - . , . . 8,200 8,400
Rubber products . 5,700 5.900
Leather and leather products . . ... .. . ....... . 200 200
Stone, day, and glass products . . 4,100 4,300
Primer? metals - ---

, . 5 700 5,900
Fabr.catecf metal products . . 6.900 7,100
Machinery ....... . . . - . 43.700 44,900
Electrical e-.....0 foment and communication 93,500 91,400-
Tramportatton and ordnance 99,203 93,700.
Prole:atonal and scientific instruments ''' ! 16,600 16 900
MiscellaneouSinanufacturing iddustries 1.900 2.000
Etects-to, gas, and sanitary services 7 800
Miscellaneous business services 8 200 8,900
Mrsceldnepus services .... / ' 1 8, i 3.700

Source: onal Science foundation

scientisiseand engineers per'

1,000 employees was 25 in 1972,

1973 and 1974, -declining from

26 during the period 1968 -71.

However, there is considerable

variation from one type of

industry to another.23 The

number of R & D scientists and

enT _eersemployed by "ndUstry

iii :January 1974 and 1 5 is

shown in Table 30.

The cost per & D

` scientist or engineer in industry

rose fOop an average :ilk)

1957 to $62,500 In- wi th
c

*cast varying by size of ,company -and industry.24 Continuing inflation at rates near those

of the,,middle 1970's Auld continue raptd_increases..in cost per R.& D scientist and

4:
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engineer, thus wiping out at least some'new job ogportunities that would ,otherwise

accompany an increase in R & D fund.ing,
a

PROJECTIONS OF SUPPLY/DEMAND IMBALANCES r

TABLE 31

PROJECTED SUPPLY
OF COLLEGE GRADUATES,

1974-85
['IN THOUSANDS]

The Bureau of Labor Statistics

i , Source Nuinter

Total 13.108'
New college graduates ' .,. . . . . . 10.884

Bachelor s degree recipient's' 9.066
Master s degree recipients . ..

.
. . .. . 1.262,

Doctor s degree recipients .- .. : . 15....
First professional degree recipient? . 541

Militari separations..... , - 217
Other . 2 008 ,

931E. Detail may hji act to totals Cue t6

estimates that new college graduates will

exceed available-jobs reqUiring,their skills

by about 950,000 by the year 1985.25 Between

1974 and 1985, about 13.1 million graduates

are expected to enter --the .labor force after-._

receiving- thein degrees as shown in Table 31

This inc 10.9 new graduates:.9.1

,SOURCE: 'Bureau of Labor Statistics million at the bachelor's level, 1:3 million

at the Master's level, 15,000 Ph.D.'s not previously in the lab8r force at a lower degree

level, and41,000 persons with first prOfessional degrees. In addition-, more than,2.2

- million college graduates who have not entered The labor force immediately after college

will add to the supply:of new graduates seeking opportunity. In this group are immi -,

grants, delayed entrants and re-entrants, the latter two categories being composed
.

principally of women. Thus, the ney,supply of college graduates expected to enter the
if

labor force will total 13.1 million by 1985.
A

-

TABLE 32

PROJECTED JOB OPENINGS
FOR COLLEGE GRADUATES,

1974-85
[LNJTHOUSANDS]

On the demand side, growth, replacement, and'
. J

rising entry requirdments are .expected to open up about

12.1 million jobS, of which 3.5 million will be needed

for growth;'2.1 million for higher entry requirements-and
.

Total ... . . . .1 12.100 6.5/million for replacement (Table 32). The difference
fourth . _.' .. ............ - .. 4 10J500 - . -
eplacement F.500 ,
1pgrading .... ...- . 2.100. between supply and demand leaves almost a millio4 more

.... ,
i

-

SOURCE: liureau of Labor
college graduates -than job openings. HOWever1,4 graduates

Statistics are not expected to experiences high unemployment levels.

The problems are more likely to center orptinderemploymentand job dissatisfaction.as

graduates take jobs for which a degree is not required.

o 4

4.4
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The problemsproblems of over-
,

TABLE 33. supply are not ,universal in all

COMPARISON OF ANNUAL GRADUATES AND ANNUAL OPENINGS,

.1974-1985 .

fields (Table 33). ;technical apd

ANNUAL GRADUATES ANNUAL
OPENINGSBS/BA Advanced

Engineers . . ,8,6,700 20,000' ,goo

Geologists 4,0541-_ 1,168 - 1,900 .

Geophysicists 84 103 650

Meteorologists.: 294 249 200

Oceanographers, 237' 269 =.' " ,100

Life Scientists 68,400 15,430 16,400
950Foresters 2,480 . 551_

Range Manager's 163 62 150

Mathematicians 19,205 5,871 1,550

Statisticians 25T 600,, 1,450

ChemistS' 10,064 3,883 10,000

As- tronomers 152 159 30

Physicists 3,625 2,308 3,000

Anthropologists 8,396. 1,940 . 250% .

Economists 13,972 2,932 4,700
Geographers 5,202 1,069 650

Pol. Scientists 32,760-- 3,420 600

Psychologists 69,045 11,698 5,200

Sociologists 37,150 3,675 750

E/S Technicians' 42,408* 32,000 ,

*Vocational Education Completions

- SOURCE: Bureau of Labor.Statistics,

managerial areas are expected to

haVe higher growth' rates, and

balance or shortage of new graduates

with jobs is expected in engineering,

chemistry, geophysics and statiStics

0.
since a significant fraction of

graduates do not enter the field of
1 -

their major. Large surpluses are

forecast in the life and social

sciences, with smaller surpluses in

mathematics and physics'. HuKanities

graduates Are expected to exceed job

openings by largt margins.

This BLS study does not differentiate among degree levels in its projections

of

,

-surPluses or shorta.ns.. However, it does provide modified data from another recent.

BLS study of the job situation forldott6ral scientists and engineer's to 1985,26-and
,

these data can be'compared with a similar study made by the National-Science Foundation

for thesame period.

According to the BLS study (Table'34)-, about ?49,000 science anthengineering

doctorates were in the labor force in 1974, andthatnumber will increase to 415,000,by
. .

1985. The number of expected scie4e and engineering jobs that will require doctoral

training, however; is only 339,200 in 1985, leaving a surplus of 76,000'science and

engineering .doctorates, or of the total; unable to find jobs in their fields*:that-

.

are commensurate with their raining. /

SoMe areas will have less surplus than others. Engineering shows an actual

deficit, and chemistry shows only an 8% surp }us compared to 25% in the life sciences
4

4 5,
.1
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and 28% in psychology and the social sciences.

TABLE 34 .

'' DOCTORATE SUPPLY IN 1974 AND 1985, AND DEMAND IN 1985

f
FIELD

4974
SUPPLY

1985
SUPPLY

1985,

DEMAND
\-- '

SURPLUS
PERCENT
SURPLUS

Physical Sciences 4,68,500. 90,400 86,300 4,200 4.6

themi&try, . 4.37,700j [47,100] [43,300]" [3,800] [8.1]

Physics [24,700] [31,400] [25,906] [5,500] [17.5]

Engineering 35,000 54,500 55,700 - 1,200 - 2.2

Mathematics ,r. 14,000 23,200 16,600 't,6,500 28.6'

Life Sciences 60,000 104,890 78,.900 25,900 24.7

Social Sciences .71,600 142,100 101,600 ,40,400 28.4

Psychology [26,300] [56,700] [46,200] [10,69o] - [18.7]

Science/Eng., Total , 249;100 415,000 339,100 ."75,810 18.3
ounce: Bureau tabor Statistics

TABLE _3r5

DOCTORATE SUPPLY IN 1972 AND 1985, AND DEMAND IN 1985

4

FIELD '

1972
SUPPLY

1985
SUPPLY

1985
DEMAND SURPLUS

PERCENT.
SURPLUS

Physical Stiences 65,300 85,200 76,000 95200 -10.8

Engineerinb ,. 34,000 , 63,300
P '

45,000 18,300 28.9

Mathematics *. ..- 12,900 21,600 16,000 5,600 25.9

Life Sciences 56,700 92,100 . 85,000 7,100 7:7

Social Sciences 52,506, 112,700 11,000 41,700 37.0

Total, S/E Fields 221,400 374,900 j 293,000 4 81,900 21.8

SOURCE:,: National Science FounOation
'NOTE: 'D'e'tail ,may not add to totals due to rounding:

The NSF study of doctorate supply and u'tiliZation,27 uses 1972 as'a base year,
k

estimating' new supply and utilization'patterns to 1985 (Table 35). The two studies ire.

in 9eneral agreement oh the available supply in 19850vith thq BLS estimates totalling

abut 10% above those.of NSF. The BLS estimates of demand are about 15% higher tilan
4

the NSF esti*tes, thus showing slightly less, surplus by 1985. The two studies differ

substantially in. estimates of imbalance inengineering and in the 'life sciences. Some

of the.difference iS in the'projected migration/attritiontfaCtor (Tablt 36).

4

I
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TABLE 36
NET INCREASE IN SCIENtt AND ENGINEERING DOCTORATES,

1972-85; BY FIELD

_ NATLONAL SUENCE FOUNDATION , BUREAU OF LABOR STATISTICS

New Ph.p'siligration NetInGr. New Entrants Migration 'Ne't Incr.

FIELD 1972-84 Attrition' 1972-85 _1974-85 Attrition 1974-85

Physical Sciences -"' 39,800 ' (19,900) 19,900 38,300 (16,400) 21,900

Engineering . 40,300 (11,000) 29,300 29,100 (9,600) 12,300

Mathematics . 13,300 (4,600) 8,700 12,400 .4(1;200) 9,200,

Life. Sciences, 62,40G (27,000) 35,,400 59,500 (14,700) 44,800

'Social Sciences' 83,900 '123,700) 60,200 88,800 418,300)- 70,500

TOTAL. 239,700 (86,200) 53,500 228,100 (62,200). 165,900

SOURCE: laional Science Foundatiop, NSF 75-301, p..16., Bureau of Labor Statistics,

BLS Bulletin, 108', p..21.

The NSF "probable" model assigns double weight to the-trends of the past five
,

,

years while the BLS model,uses,,,the most recent degree.projections 'of NCES2'
o

to 1985 and
, . . .

assumes continuation of the Ph.D.,pattern bf use relative to oth'r workers and to

o

the

proportiOn of persons obtaining doctoral degrees. The NSFprojections were made in 1975

and the BLS projections.in 1976.

.
Despite some disparities in thenumbers, however,.these projections have in '

common one Major finding - that is that over,the next decade, the number of pergons

trained to the doctorate level will exceed= significantly the number of job. openings-

+requiring training tothat level. Not only do the persons in this group represent a

O

..

/valuable national resource which'should not be wasted, but the cost of doctoral:training,

N°

if .such training is not to be utilized, should be considered. Agaikz this population

0.
is not expected to remaiii unemployed. There may, however, be significant under-employ-

- ,,,

- --- . . ,.
.

ment with concomitant job dissatisfaction. -,1"

,

,,..

) . _

: . . To some degree, 'these pro.igctions themselves will change the result on the ' c7 4

'- supply side: since relatively fewer young people ma7pecide to pursue a Ph..'in, the

light of projected imbalances.

- The National Academy a Sciences'estimates that there were 179,400 doctoral --

.

Scientists and engineers in the United States in 1975, of whom 265,000 were in
' .,

.

9
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the labor force.
29

Of these, 2,500 or one percent were involuntarily unemployed.

Among those employed, nearly three fiftliS' (57.7q;were in educational institutions'

ancmore'than a third (36.8%) listed teaching as their primary actiyity4(Tables 37,.,

and 38). .1

TABLE 37
Type of Employer by Field of Lnip oynitrit for Full -Time and PartTime
Employed Doctoral Scientists and Engineers Excludint Postdoctoral'Appointees,1975

A. Individuals Receiving Doctorates During-Ix/30-1974 a

1975 Emfloyer
All

11;),ds ' No
Math Phys Chem Larch iEngr 8-)sc Psych, SocSc Nonsc5 Report

i _

Employed Population N 254,643 16.682 16,866 31,582 11,863 41,398 60,415 28,531 31,i056 12,894 3,156'
'D-

Educational Institution+ - 57 7% 78.7% 61.0% 381%, 48.7% 34:7% 66.7% 58:2% 81.5% 57.6% 46.7%
Federal Govinmenr 8.3 r5 2 12.4 5.2 19.1 8.9 11.1 4 2 4 2

State/Local Gov't 1 7 .2 6 3.7 ,..8 2.1 1 9
6.3 5.2
2.2 9 2 4 ---1.6

Hospital/Clinic , 2.8 .1 ..5 1.0 , .0 3.1 16.2 . 1 .5 , 2.5-
Other Non-Profit .

Organitation 3 4 1.4 4.4
\

2.4 4.2 2 9 2.8 ' 3.2 5 0 6.0 7 9
.

Business/Industry 25 9 14.41 21.7 52 5 24.2 5;.6 )4.1 14 1 4 8 28 1 29.8-
Other/No Report 2 , .0 .0 , s .1 .2, ,1 2 '.3 -

' - Field of .Linploy mew.

Source National gjademy of Sciences

)TABLE 38
Primary Work Activity by Field of Employment for Fullsfime and PartTime
Employed Doctoral Scientists and Engineers Excluding Postdoctoral Xppointees, 1975,

A. Individuals Receiving Doctorates During 1930.1974

,Field of Employment
1975 Primary All
Work Actwity Fields No

M'ith Phys Chem Earth' + Engr Those-, Psych SocSc Nignsc Report

Employed Population N 2S4,643 16,682 16.866 .11.582 11,863 41,398 60,415 28,531 31,056 12,894 3,356' '
Teaching 36.8% 60.7% 34.9% I8.0% 29,6% 22.3%,, 339% ,387% 63.6% 31 3% 22 1%
Research .' . 25.8 17.3 43.9 34.7 35 6 23.1 37.5 10.1 13.2 5 5 10.9

.Administration of: - u
....

.-Ressarch/ Des 44111;611 14 5 6 4 . 11.6 22 1 16.5 22.7 ' 13.0 8.e 8.0 16.0 14.8
-Othert 6 3 4.0 1 8 3 6 6 6 6.4 4.0 8.3 6.6 24 9 12.11

Cons'ultsniiProf Services 62 2 04 9 ' 1.5 4.6 4.2 4.3 29.8 2.0 5 3 '6.1\
Design/Decglopinent 4 5 '. 6 9' 3.5 * st.4 1.5 16 7 ,1 1 .7 .5 h9 1.4

itcport/Marketiog/ 1.9 .5 .7 3.1 177 1.8 1.7 .5 1.7 5.7 7.4
. Production/Inspection
Other/No Report 4.0 2.1 ` 2.6 - Z 4 06 .0 72,8 4 5 .1 4.3 9.3 25.2

f

Source: ,National Academy of Sciences

The proportion of each group principally employed in teaching varies

from 22% of the engineers and 30%.of the physical scientists - to .6)% of the

matheratical scientists and 64% of the'social,scieRtists.

.Because of the changing size of the group of persons of college age, the

education sector is nol onger expanding at rates sufficient to utilize even the

48
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proportion -af doctora+ scientists that foun'd academic' the past, Reduced9

employment-opportUnities in academic settings can be expected to Iiiehardest in those
-.. . , , .

areas of science where half ox more of the word force traditionally has found academic
,

,,. . .,
It

employment - namely in the mathematical and social sciences, and in the life sciencet.

About one four4 of droctoral.:45,cientists and engineers, are engaged in

research, with another 14.5% employed in the managenient of R & D. This i's the'

sector where,some ,growth may be contemplated." -*
Scientists and engineers employed at universities. In 1976, the number of academic

and colleges by primary type of activity: January 1a35-76
P

(ThOUSbn4) scientists Aid,engineers employed primarily in
300

vs R activities increased .two percent from 1975,
.0k

to 5'1,000. However, less than 18% of academic

scientists end engineers. are primari ly engaged in

R & D in 1976, 'and during the.- longer period 1965-

76, NSF found evidence of a,significant shift

toward teaching .(Fig. 12). Academic scientists

250

225

200

175

150

125

100

: ...

15
FlEtD and enginee'rs include some persOns below the

0 Other activities
25 ... .. ... doctorate leve1.31

0

1955 t 467 71 ! 73 .74 '75 76

SOURCE NauonsIScience Foundation

Fig. 11

The 1976 budget for federal R & D

obligations was up 15% from 1975, reflecting for '
-.. :/

the first time in five years a real dollar gain in R & D actiWities funded by the

federal government.
N

Funding, or course, means jobs. The number of scientists a144*

engineers employed in industrial 2_& a in--January-1-9Z5-,-.Was 357,500, gown a few hundred
. . ..... . .

, . ,.

,,from a year earliqr,,,;antrdiiiiii more than 25,obp from. the peak elieloyment of 1969. Al-
. . ...,-.,.-,:n.;.:::

tlioaglfth'e::;49P.-tederal budget for V& li rose another 8.6%;, ,in const.ant dollars, the
--;?:..,..1.--.7:-.4.

. .

...estimated total for 1977 is 20% below that of 1967. Nonetheless, the risirodirection

.
in R & 0 spending indi ates improviu_poployment opportunities fo'r scientists and

engineers. The prelections we have examined, however,,indicate that supply is rising

ifas er in ema nd
,

V
.4D
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SUMMARY AND CONCLUSIONS :-
.

Some trends in s cientific and engineerinii manpower supply and, demand seem

fairly surep---The supply 'of new scientists and engineers appears to ilave capght up with

and in some inttances,exceeded the number4of job opportunities requiring the level. of

straining being achieved Nonetheless,,,, actual unemployment continues to be low amd,ng.

scientists and engineers relative to unemployment pf other groups with similar amounts
. -of education and training.

., .

Opportunities for scientists and engineers depend significantly on.the '- . ... ,
.

decisions of federal (and4to a lesser extent, state and local) go,yernment asto funding
, '...

for those kinds of activities that require large npmbers.of technologi ty-traned.

9

.

personS. .
-

Congressional decisions-qr funding energy programs are and will Iininportant

in determining the demand for certain kinds of scientists and engineers-1 as will decisions

regarding funding fol.' environmental activities, food technologies, health care:, and .a

...host of o:totioiti( national 'enterprises.
, . . -

ir , ' 0 f the Major reasons,why depe d&ble forecasts of suppiy and ,demand are "
,

major-
, .

. not /a' 'Vel_ - 4r . ''. '9.- . ,,, .
.

F . ,I

ltays-a, ble,for a -period of ten years or so is 'the inability.to forecast what _

,,,t,. ,/,
these governmen ions Will tie-.1'" ye alse',cannot predict the Unexpected discovery .'v fts
,,.ti

, , , -
t

, = . .

or happening-that chSti§ethe-ftie .i althoigh;wtcan:be quite sure that something
,

* V
un'expected will occur. igonetheless, forecastsare mAe andAge have examined some ofA''v g
them because they are a.useful tart of thew:44910 to make informeti, decisions.

One important thing -to remember fn - c is the di'fferenceeeltbi
tf ,

It
between need and demand. It is not difficul tilto4,carry,Aput,Na study of manpower needs for,.:

1 . p
any given objective such as energy indepe Cence, environmental cleanup, or better
- . .9
national health, provided we can state he object-ilk mid set the time, by, which yie,wish

4P-
to have accomplished it. One other factor, however, m si'l?e, added, if we at-e than :-

4

t_

-
late manpower needs into manpower demand.. That fact is money.' nly when funding is..

.... e . ,4
added cans people be hired, no matter how many.m4 'be needed. .If we gould forecast

,,f
t .99.

. 1
, ....

.accurately, the stateof the economy over the next .ten years, our manpower prOegtions

50
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ft-

agso would be more accurate.

There are now, and yvill continue to be Torthe foreseeable-futura some

imbalances in supply and demand among scientistt and engineers,. At the moment, some

segments of the engineering profession below the doctorate level show potential im-

baiance on the low side of supply. The life arid social sciences appdar be sited

for the largess over - supply, both at the doctorate and lower degree levels. The

physical- sciences are somewhere in between, with chemistry o1ferinq more promise of

opportunity than p ysics, geology,0444b more than chemistry, barring unforeseen_

..-- 4

'changes in eith r 'supply or demand trends.

Incre singly, job opportunities will have to be sought in industry and not,

in academic s ttings where relatively fewer joh opportunities will be available than in

the past, e r in el'ementary or secondary education 'orrin higher education.

The alert scientist or engineer', including those still in school, will keep

an eye on the changing marketplace, be aware when funds are drying up for one kind of

activity. and enlargin for others, and be prepared, if necessary, to consider some\k

cross-field mobility.

Despite the gloomy prognosticationS we have examined, e picture for
,

natural scientists and engineers generally is .pretty good, particularly when compared

to opportunities; for new gradUates,-and,even_experienced ones in the humanities and in

-some segments of the social sciences. "Full empl6Yment" is'not anticipated at the

appropriate ;level for all)the scientists and engineers in the country, either next year

or over the next decade. There does not appear to be much likelihood of large scale

unemployment either.--The indeed there is any, will be for thos.eindividuais

.1

d

who hme cut down on
.

their opportunities few field switching by staying in too narrow a_
.

channel, or bydOt having kept up with developments _outside enarrbw,specialty; and for

41hose whose vision of successful employment iLso limited that whamight otherwise be

seen as interesting options are viewed only as represAting fa ure.
o',/

.-Barring that unforeseen degqippment which bouhkto occur, there does not

',appear, tote any forthc6ming crisis.in science and engineering emPloymerit, either because

/kV:
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of shortages br surpluses, althoup full utilization of scien e and enginearin manpowth-,,
49h,

, , ,,
T%-rresources does not look ftobable. Some individuals in this techn.ological pooface

.. .... ........... -

°
4 . . --

a crisisof unMet expectations, and the'nation may not be able to take full adV6ntagrof

A

its trained scientistsend engineers, at least over ihe'next decade.

By about 1990, however,- significant shortages' may-again be evident in some areas
1,a

of science and engineering because-of'declining birth rates and because in the iight of

projections of sbrplus graduates in the 1975-85 period, significant numbers

people in the larger post-war generation may choose not to prepare for careers science

or engineering. If this drop does not occur, those scientists : engineers trained during

11.

the seventies who do not find empitymentin their fields of training also will be lost,
.

to the science and engineering workforce. A decade later when they might be needed in

those fields, both th&Tskills and heir knowlecrge ase will have Become 4solescent.
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