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ABSTRACT

In a discussion of-the crisis in graduate education
in the sciences and engineering, focus is on factors that threaten
American capability to produce world-class science in universities.
While finances play a part, the causes are basically structural--the
rigidity of university faculties, stemming from a significant
expansion in tenured positions, and the scarcity of newv faculty
tositions-for younger doctoral scientists and engineers. After a
rapid growth-in universities, due to the post-var baby boom and a
qrowing affluence, federal support declined froe 42 percent in 1967
to 23 percent in 1975. Meanvhile cost inflation eroded the value of
the dollar, austerity budgets were implemented, and sclenggs and

~engineering felt the. squeeze. uor? recqntly the federal government

. has increased its basic research Tundings (up jabout 8 percent in 1972
constant dollars). Colléege enrollment isx expected to péak 1in 1980,
with about 7.4 million degree students enrolled in colleges and
universities: hovever students enrolled in sciences and engineering
are down 12 percent from 1973. It is suggested that the problen. of
tenured faculty migat be met by a government incentive program for
faculty who decide to embark on a second career well before ,
retirewent age. Other solqtions are grants that would free university

~ mongy to hfYe. young faculty members or the creation of research
institutes funded by industry, with tax incentives. (PHR) '
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- Gopd afternoon. S
Kl *u . “

+ I want to }hahk Dean Zaffaranp for his k{nJ fnvigatibn_to'share your “

hospitality today.* _ -
; : N r(/ . ’ :
_‘\rt-ig my purpose fn. this -talk to.discusg some of the broader dimensions of

what is sometimes loosely called the crisis in d?dduate eduéation in the . , .

sciences and engineering. e : S “

“

L Th; crisis concerns a number of 1nfer$ctfng(?actors which threaten in the
next 10 or 20 years to egpde'our national capacity to dp'world—class”ﬁgﬂence /7/

‘ﬁhtnN‘uhive%sitiesa It is jn the universities that 55 percert of all: our basic
* . / °

LI .

'scientific're§éarch is perfarmed, and in dis¢ipliges 1ike chemistry ddctoral v

W

' candidates contribute to more than half of the research reports. S, -

A 7 . . _
. odd for us to worry about the vitality of American science. Just last mJbth, 7.
\%&%1 American investigators won every Nobel award fh the sciences--in phyéics,‘ . o

»
N
Qv
N3
“533' It 1s:so£§r1ng to reflect that most of our fellow Americans would think it
J |
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Chenﬂstry, medicine and e nomtfi:\to-’e exact. Sti1] another American won the
’ award fn lgﬁters What more coﬁﬁelling testimony could one adduce_to the '
'atréhgth of our -science and our system of higher educgtfon in the sciences.
éi'gk ~.And y;t w? kﬂow that appearances can deceive. We are part of sdmething
which has ‘been labeled the "knowledge industry" and 1f we are to pursue this
metaphor a bit further, theé I be]ieve‘we must acknowiedge that our presont
appearance of good health and prOSperfty may be supremely deceptive. ‘he
dividends we are generating today represent a consumption of capita], and we 7,

are plowing back too 1ittle to produce futuriifnpome.

//// When the Dean jnvited me to visit Amesy he suggested that an appropriate

topic would be the impact of federa)l funding on graduate education. ‘Hoﬁever,

I am taking the liberty of en]drging the area of discussfon. As we shall sce,

C 6y while federal funding 1s "a major year- to -year factor in\graduate education’,

D\

~%

;/\

' for the \png pull it 1s not the only ong--nor the mos t 1mportant
L believe we are dea]ing with a constellation of factors which together

"define a problem that is more §tructura1 .than financial. It is a problem that
A Y )

canpot be solved sfmply through additional 1nfusions of roqources withjn the )

'

exfsting framework of federal support for graduate and postdoctoral education

in the 3c1ences and engineering, ‘even were such an apptoach to bhecome politically

realistio. - h , . : ‘ (
AN : e D .
Let me 1ist the Fomponents of the problem from my own viewpoint., The39
are dollars, of course, but also defographic ern?s the rigidity in univoraity

faculties stenming from a 1gn1f1cant expansion in tenured pos1t10ns,*ﬂnd the

scarcity of new faculty positiong for younge} dactoral scientists and engincers.
o~ ‘ - . ‘ " ’
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If we can qpprecahte the interaction of these elements, and the 1ong term threat
t 'they present to the vitality of our basic research apparatus, then I believe
~ we can begin to)gevelop constructfve new approaches to alleviate some oﬂ the
worst features of our situation\
But first I would 1ike to review some recent history Surely the put— ’
7/ standing fact has been the explosive growth in science and engineering degroes
( ~ Annual awards of bachelor degrees in these fields surged from 121,000 in }960
to 295 000 in 1975. The award of masters degrees Increased from 20,000 to
54,000 annuafly during the same pariod, and doctoral awards increased from aboudt

o

6,000 to more tham 18,000. N N
. Th;s\r;pfu qrowth 1n the sciences and enuineer1ng wus~partxvf a vast |
“expansion 1n college enrollments for degrges of all types, and in turn rested N
upon demograph1c factors. The first of the wartime and postwar bab1es had
reached the 18<year cohort by the earl] 1960s, and this fact p]us rising
affluence did wondrous things fo: col!ege engof1ments It is noteworthy that
science and engineering degrees helq roughly constant at 30 percent of tne
total of all bachelor and'f1rst—pr04essional degrees awarded during the .

- 1960-75 peried, while the absglute number of all degrees in these discfplines
‘ fncreased strongly during the period. | |
‘As a consequence of this educational commitment to the technical dis-
cip]ines, our total number of scientists ‘and engfneeﬁs doxb1ed during the 19505

to 1.2 mil]ion, and reached 2.0 miTlion in 1974, including 274,000 at the

doctoral level. At a ]ater p01nt I will focus more precisely upon this E;pup

h Y

for they represent the most highdy-trdined men and women of ' their professions.
ror. . s o _
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It ig)they who mustdprovide the leadership for our scientific co&nunity, and
- ’ * L d

- bec "e almost 60 bercent of our science and enginéering dociora]s pursue thejr
calling w1th1n the htgher educatior sxﬁtem I deem it particularly appropriate

to dwel] on their well-being in this forum

To Yeturn to history, however, a,second fact to consider is ‘the traJectovy
of resources available during this period of rapid bﬁi]dup to support graduate5
level education in the science§ and engineering, as well as basic research in
these disciplinesi Focusing on the latter potnt first, total butlays for '

_ o s
‘basic research in the universities multiplied six-fold in current dollars *

between 1960 and 1975, when the outlay amounted to about $2. 4 billion The
federal share of this support, about 70 percent at the beginning of the

period expanded to a peak of 76 percent in 1968, .Hut thereafter fell back to

‘about .71 percent 1n 1375——0r approximately $1.7 billion.
LI

" The pitture qrows much bleaker when we apply the GNP deflator and 1ook at the

numbers in terms of T972 cbnstant dollars. On thvs_basis, we see that growth

}

in untversity outlays for basic research essential]y stopped dead in 1970,
)} P

and since then total outlays have tehded to con{ract It is oovioug that the

federal government has played a significant role in thi}gdevelopmenv. After

peaking at\more than $1.5 bi1Vion in 1968, the federal ntribution'to

A

university basic "e5earch has declinad about percent, to§u1trn9 in a 1976

level of.about $1.4 bfllion In constant dollars.™ A ' .
S : ' ' ' st
The statfstfcs’are even more&cheerless when we consider the pattern of

* Support for‘graduate,science etudents }n 1967 the federal govornment provided
42 pezlgnt of the support of full-time graduate students in _the sc1ences by -
. means of such~mechanisms as fellowships, trainecships, researeh,asswstantships,’ >

and training grants. By 1975, the government’s'contrihut?on had fallen to

~ ) -4~ ' , - #
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23 percent and 1t was supporting only about 48 000 graduate setence students..
;3 Here fndeed As & federal jmpact Qn graduate education, and on the- conduct

of basfc research as well. .1 believe we can trace this contraction to the

h

‘ 'convergence-of sevenfl factors There was-a sharp reduction 1n the volume" of

o
-

basic research supported by the Defense Department in the late 19605

which was gotﬁentifety of fset by 1ncreased support from NSF and the Department '

of Health, Educatlon and We}fare,awThere yas a stubborn cost_inflation which

-

eroded the value of current dollar outlays oy more than thefr year- to-year

Increase, particu]arly after 1971. There was a sert\s of "austerfty" budgets '

desiﬁhed to copé with this 1nf1at10n by reducing aggregati)economic demand

and the science and education community fouhd ftself particularly vulnerab]e .

when it came to passing out the cuts. = = - "
/ AU

But fundamentally, I believe the end of growth in the sixt&es was_ inevitable

p N

and that 1t reflected a perception that we had overbuilt our/eduratfona]

-

plant in the sciences, that we were producing too many scientysts and engineers -

) )
T for the available cargers in:these disciplines, and (hat continued growth at s

~

_ /the h)ady nate of the earlier ]9605 could no 1onger be justified in terms of

nationa] security needs. . (’

So much for the dismal history of our present ,1tuatlon‘J/Now I wou}d//
like to return to the central line of discussion We are copcerned with the
factors shaping the future of graduate educatioh 1n science and eng1n$erinq-—
factors which al\r threaten the vitéllty of ba51c vesearch conducted within our '
universities u(will recall that these factorf inclyde do]lars domographics,
rigidity 1h\the composition of faculties, and the sca(thy of facu]ty posttions -

for younger scientists and engineers \
SR 6

4



sy

-

%

/
" As for the dollar outlook 1 am happy to jh{orm you that the fedé(al ' e

funding pattern has now turned upward s]fhhtly In the budget request. J

for the 1927 fiscal year, the ﬁdministra'

on ‘asked the Congness for $2.5

bi]110n to support\all bggic research "the sciences and engineertng, an

1ncrease of 7. 4percent over .the prevfo ar, and a §nmll dncmase‘
] . 7

12§eonstant dollars. While’we have not rojetted the impact'ﬁf this on

ba 1c research spending w1th1n the universities, it 1y noteworthy that the . -

Foundation s portion of tota1 Federal basfc research fund1ng has 1ncreased \rpm
N

$54l miilion” in the last fiscal year ta $§l2 milfon in the current year.

This 15 an advance of 13 percent in current dbllars, ahd an advance of about "
{
/

Now let us-turn to the demOJraphic factor As we have seen, this _was

B percent’ 1’1972 constant dollars ) N,

AN

y .
the ?ain driver in the ?xpansive 19605 whab impact will 1t have 1n the 1980s2 -
As we track the 18~year cphort—»the age of keenest {nterest to the college .

deans. of admission-~we see that we have almost reached the peak n ogr pos t-war

k \populatfon In fétt t%is(will arrive in 1979 when this group wtll fotal 4 3 7

million, about 60 percent, greater than in 1960 ?hereaﬁter the/number of 18~

yL\r olds decreases by 1990, for examphe, we anticipate fewer than 3'5 .)‘

L

/

o

o

millton in this age group. As might be expected,. the 23-year johort ~-the age’
of interest to graduate échools--mn peak in 1984, then turn downward\ln the

\
same fashion. ' ))

-What will this mean for college enro]lments? ’The National Center for

Educat1on Statvstics of HEN predicts a peak of 7. 1!nfllfbn deggee credvt

students enrol]ed in foun»yéhr colleges and universities in 1980, about 20

percent of them gHaduate students “As for the numbers of students pursulnq

advanced degrees 13 the sciences and eng1neoring, thQ‘Natiqna] Science Eounda~

Q

“tion proaects a to a\_of about 210 000 by 1985, 15 percent below‘the neak ?' a
- A . S
: | | o . ra . e

~ ~
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| reached in 1970, ‘\Our worst case is’ in the nhysieal sc?ences where enrol]—
‘f} d ment peaked at 41 000 in 1968 and had already declined about 12 percent by 1573.

The proJected 1985 enroliment for advanced degrees in physical sciences is

! \

expected to be about 55 percent be]or the 1968 peak.

F

or course, unfversit& faculties are’ ng} igmune to these demand fluctuatfons
" The Foundatfon projects a probable faculty level of about 230,000 in the science
and engineering disciplineés in 1985, about 7 percent below the 1972 level.

' Again the physical sciences, present thé worst case--a fal]off of about 25 percent.
= \ s ~
oVer the period. -

\

L The point I want to emphasize here is that the demand for the servfces
. "

) )
_ of science and engineerfng facu]ty {2 essentia]ly fixed by demographic trends,,
fversities can do to alter *

. and there ;? 1ittle that govern@ent policy or-the

1 4

this ciroumstance To the extent we have any flexib?lity at all 1t 1s mainly

* 7 on the supply side of the eqoation. Here we- a*e concerned with the ways .

universities and faculties respond to this reduced demand, and the impact of .

.ﬂ* N this response on university-employment'opphrtunities for younger science and
. | -
engineering doctorals. What we are seeing {s that _faculty supply elastqcity,

(such as it is, falls almost entirely on thew*unior, untenured PhDs. <
C y
Three .sets* qf statfgtfcs are instructive with‘respect to current faculty

»trends | One shbws a steady decline of "youngtdoctorals"~—those holding doctoral,

~

' qegrees for seven years or leqs——in science and engineering facuTties detween
1968 and 1975, they dropped from 42 percent to 27 percent of the bdta] on these

Faculties,\and Jn physics they droppeg from QD percent to 19 petcent The.
’

second statistical trend is the substantial increase in the proportion of
‘

\ tenured faculty in the s¢iences ahd engineerfng, by 1974 this had reached ‘an

Y,

AN

‘ overall average J% 70 percent with physics at 78 percent and chemical,

" ‘ N ' 4 . ! - ’
) ) ‘ . &n’ .

‘ ' E 8 . . . /.4 ]
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/ sclences, for exéﬁfle, we' find 80 percent. of the do

o~

A -
. . -
~ .o T "'B‘ -
: : .

see that we face the pnosp ct of Vimited attrition of teﬁured faculty in the
< |

o : v e
engingering at a high of 8l percent. The thwrd and one 1 am sure none of us

want‘toNQuell on, is the relentless incroaso 1n faculty age. WG show an
increase from 40 to 44 years in the medlan age of -all scfence and engineering
faculty between the years 1969 and 1973, - |
"It ls this concentratlon of tenured sclence and engineering faculty in
the’ mlddle years which is causing us. lncreasing concern. ' In the physical
<;toral faculty was~under

the age'of‘SO Tn 1973, and almost 95 percent were below the age of 60. When

we combine this age structure with the antlclpa%gd decline in total faculty,

years lmmediately aheaégxand limited posstbilities for translatlng this -

N
attrltlon/}nto the appointment of new young doctorals who must of courSQ
bick up the torch if we are to maintain a viable basic research capablllty in

our universities. In this sltuatlon one naturally begins to th1nk of opt1ons

¢

to assure a smoother flow of yoUnqer doctorals lnto tg:ulty positions. One "
opportunity -for this is the mld career sh)ft for the

n or Woman who would

Yike to strlke out in new dlrections, but who 15 many years away from;petlrement

- ~

~Such mid- career shifts would frqe up faculty positlons for junlor doctorals.

But-when we examine the posslbiJities of mid-career ShlftS for seanr

*»
faculty, vie lmmediately run into . major obstacle——?he\characterwqtlcq of the

prlvate retirements plant ln which most faculty partlc1pate Many of the older

v ~

plans speclfy a fixed retirement age,‘uﬁually 65 or 70, beforc the beneflts

are‘availahlg Increasingly, the newer plans contaln early retirement provisioné,

AN

-~ , ) . o T
¢ .
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'bht'they 1nvar1ab y exuot’ﬁ substanﬁia] financial penolty on the faculty member -

Xy,
who elects thts option, usually abcut 6 perceh§ for each year of premature

retirement Considerfng the difierentiaf between $alary forgone and the
reduced pension and soc#ﬁl seourity benefits we find that faculty retiring at
age 62 rather than the usual age 65 1ncun a financjal penalty of as much as
25 percent. 1 |

However, we are not really concerned wit‘leanhy retirement per se, because.
this has little,potentia] for solving our problem. " There are simp]y too few\
senifor doctoral scientistsxgpproaching the(age of 60 or 62. .Even if they were
to retire a few years earlm, this would‘got open a significant number of
Qacancies for junior faculty-members This is why we focus on mid career

N

opportunities for facultywithnmny\productive years ahead of them. It s here

that we see that the private retirement arrangements constitute a major barr1er

. to career decisions whfch many qf our senfor faculty might otherwise contemplate.

To keep- the plans viable until a proper retirement age is reached, the contrlbu—

.tions to the plan must be continued. But Who is to carry this burden7 The

- departing faculty member? The unlversity which has lost the services of Lhe

.facu]ty member and which is a]most certainly, under fhnano1al strain? Or the '

.
N

_new employer, if in Fact there is one?

Her

A perhaps is a possible roT§7for the federal goVbrnment One can
visuvalfze an incentive program for faCulty who decvde to embarP on a second
career wel] before retirement age. In th1s program the government: mlqht
contrlbute at least a portien of the funds Jecessary Lo maintaln the 1nd1v1dual’

retirement~plan, and'on]y oncondition that the vacated position is made avai]ab]e

tx3a younger scientist or enginegr. .But'how 1S such .a program to bhe administered?

r "
o e ,



-are. dea]1nq w%\h a/tomp1ex situation which Ties well beyond the roaéﬁ o%\the

-10- . '

I open to all, what would Pprevent the departure of the most valued faculty

mombers—-perhaps to !ﬁher universittes where we are also trying to create

spaces for younger‘faculty On the other hand, if the plan 1s to be made

ra

selectiVe. how can this be made equitable?. ’ ¥

S

-

~ 1 have gone into some detail on this because I want to emphasize- that we

1

federal government-»though the government can maké a significant contribution.

'_There is little we can do about demographics, of course. As for university-

faculty reﬂationships and a host of individual career decisions, these are the

s

very stuff of our academic freedoms. The ﬁederal government cannot simply

~

*w" X.§ solution}}th dollars, because the soJution n,thé end must be worked

out in the universities. However, I am hopeful that the government can play -~

~N

an important role in easing the nece%qary trangition to a.more flexiblc and
responsjve 1nstitutional\arrangement, and that in this way we can maintain

the continued vftalu;y of ourfnat1ona1 kn?wle e base and th7/€T;:;a] basic

G

research capab111tK in our unrversities
Hith this caveat 1n mind, I would 1ike to quggest oné or'two additional

[ 3

approaches we might consider for makqng mid-career shifts more attractive for
senfor f&cglty, and 1n the process freeing up unvversrty positlons for junior
1 . - v 7
faculty ' s SR : | , L
. < | - .
He might, flor example, institute a program of Senior Research Scientist

Grants for outstanding and productive scientists. Such a grant, equivalent .to

perhaps one- half the individual's regular salary, would:permit him or ﬁev to

_ devote full time to research projects, while. remaining on a un1ver91ty faculty.

- »
“~ - i}
. , - - - . .
- - : . ~

~
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A condition of the grant woaid require that the university use the released

R

saiary funds to hire a young faculty momber to pick up the teaching load

3
b
Nl

previousiy carried by the seniOr scientist - If we were f' instituqd,such a _
program on a pilot basis,ffhe fnitial awards might range ‘up to $25, 000 ‘annually
. for a five-year period, with the possibiiity of a one-tfime renewal for an
additiona] five years. '

A second area of interest concerns the basi¢ research needs -of our major
indhstries We have traditionaily tended to compartmentdlize ouyr approach to
basic reséarch in terms of who 1s performing the work. Yet the commodity remain
the same. Industry s a man{ consumer of basic research results, and its

needs .run far beyond those +t- can bd reasonabiy expected to suppiy an an

Tn-house basis. %
It seems to me that we may profitabiy cansider the needs 4 strength

of university facultfes on the one hand and industria) consumers of basic (ii"

research on the other, for we may find, signifiCant compiementarities whene a
small investment will exert a high degree of ]everage in terms of attracthg)
senior facuity into a return to‘fuii time baric ‘research. I have in mind 3

. '
. possibilities ifke theffreation of research il.ﬁitutes which enjoy some indusitry

& W

participation but which remain under universitg auspices Tax incentives * -
Jlmight be heipﬁu] in the creation of such institJtes, as\weii as a suggested new
'-Foundation poiicy to expand support for cooperptive basic research prOJects
'Conducted by Joint industry university groups _‘

I do n?t pretend that these approaches will "soive“ our” fundamental
pr biem of,maintaining the strenqth and creativity of our SCientffiC research

t levels. }o which we have happiiy become accustomed. Like the iaws“of physics,,

v
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! | B demographic trends .tend to be rathen_inflexible The Nobel Prizes we harvest‘
"MQ:' today arevrooted in work typically conducte&-lﬁ,years or so in the past, and
: ‘ _ we cannot realisticolly expect that the lign s share of. these coveted dwards -
{ﬁg . willpcontjnue iagyitably and’ automatically to flow in ou direction :
| | . On the- other hand I do not share some of‘the~deeply peSSimistic sentiments
' voiced hy a wide cross- section of basicﬂﬁbsea\thers as to the futurq of basic
_ research iﬁ\0ur institutions of higher learning. However," ‘I anm most .
s impressed by the concern in the academic community that we are no longer attracting
the ablest young people to our disciplines--not because they are "turned off"
of thede tough disciplines, but because they perceive 1ittle opportunity to

advance {n them even if they ‘master the difficult regimen.

*  One thing we absolutely must do js think more systematically about

N science in the 1980s and 1990s--the last two deTades. of this century,
In fac#; the Foundation ntends to mobilize the scwentific community
to participate as widely as possible in a searching inquiry of scientific
trends and capabilities during this period We want to considgr
potential intellectual developments in science during the last two
decades of this century, changes ‘within the science establishment affecting
fts future strength and its neads for public resourcesﬂ'and finally the
‘possibility that economic, socfal and technological problems may arisL
which drive future knowledge demands and technical manpovier needs in new
and unaccustomed directions We are now studying a number of options
for the. conduct of this exhaustive study, and I am hopeful ‘that it wilg

_eventually provide us with important in51ghts for 'tie handling of the

. Somewhat narrower problem we are discussing today
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At the very(minimum, 1 am conffdent that this major §tudy will help us

. "avoid the mistakes of the past 'so that we wv11 not aga1n be blind-sided by

s

‘anything as obVious as & demograph1c trend. - And. I am confident )
.that we will befable to ffnd so1utions to the problem I have discussed today--
. how to prevent a ga of 10 years or'so in the introduction of Substantial
numbers of young doctoral scient1st§ and engineers into our unfversity faculties’.-
I am also confident thet together we will find answers to the broader question -
'of how to devise institutional serbctures‘which will enable us to meet the
growing need for scientific research in an era of 1Umi ted university resources.

, But mpre. than this, I think we must recogn1ze that science and engineering,
andgthe practitioners of these professions, continue to enjoy a high leve) of
_eub1ic reSpect‘aBd\confidence It is true that public esteem for all 1nst1tu-
tions and prqfessﬁons dur1ng recent years has declined in absolute terms. Byt

L4

recent surveys_ by the National Science Board show that relative to others, .our
é;n field has either held 1ts ‘own or gained.

1 believe we\can draw satisfactipn from this'because a supportive public
is crucial tJ'our endeavdrs. At the seme time, i@ Shou]d remind us that public
trust ¥s a thing which must be continqously eéﬁned, and that all of uc have =n
ob119ation{'bpth'fq ourselves and to the pub]ic.‘to_find wavs to shstai&rthe

vitality and creativity of our disciplines.
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