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NATIONAL ACADEMY OF SCIENCES 

O'r•Ct or THE lltAESrDENT 
l•OI C."0f11S1'1TIJT10N AV[ ""U[ 
VIIA$HINGTON. 0 C 20418 

Dr. Richard C. Atkinson 
Director 
National Science Foundation 
1800 G Street, N.W. 
Washington, D.C. 20550 

Dear Dr. Atkinson: 

August 31 , 197 9 

.It is a pleasure to transmit to you the report of the Committee on Con
tinuity in Academic Research Performance, prepared in response to your req�est 
of January 26, 1979 and supported by the National Science Foundation under 
Contract SRS79-13501. 

The report makes a significant contribution to our understanding of the 
magnitude and potential consequences of the anticipated decline in job openings 
for new faculty members at major universities during the next decade and a half. 
The program of Research Excellence Awards w hich the Committee recommends is an 
interesting and potentially effective response to the threat of declining 
research vitality posed by the shortage of positions for young faculty in science 
and engineering. I am sure the National Science Foundation will give these ana
lyses and recommendations the careful attention they deserve. 

Under Robert Bock's able leadership, the Committee succeeded in performing 
its task on an extraordinarily rapid schedule. Less than five months elapsed 
between the committee's initial organizational meeting on April 10 and the trans
mittal of the report to you. This rapid response was possible only because of the 
members' willingness to devote a solid seven days to work on the report during 
their workshop at Williamsburg, Virginia, on May 30 through June 5, and because of 
their sustained interest in and attention to the report throughout the summer. The 
Committee's work was also su bstantially aided by the results of the Workshop for 
Specialists in Forecasting Demand for Scientists and Engineers which was held under 
the committee's auspices in Washington, D .C. last April 30 to May 1. Members of 
the staff of the National Science Foundation provided useful information to the 
Committee. 

We hope you will find the report helpful in dealing with an extremely signifi
cant and urgent national problem. We shall be glad to discuss the report with you 
and your staff. 

iii 

Sincerely yours, 

Philip Handler 
President 
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EXECUTIVE SUMMARY 

The Problem 

Recent and anticipated declines in openings in universities for 

new faculty in some fields of science and engineering have generated 

widespread concern about potential impairment of the vigor and 

effectiveness of the academic research enterprise . This report 

assesses the nature and magnitude of the problem and recommends 

appropriate national policies to counteract i t .  

Causes o f  the Problem 

Recent proj ect ion studies provide clear evidence that , in the 

absence of policy intervention , there wi ll be a subs tantial and 

sustained decline in openi ngs for new faculty in a·number of science 

and engineering f ields . This decline stems from two key forces : 

( 1) an absence of growth in total faculty s i ze ,  resulting from 

low pre sent growth and projected decreases in col lege and university 

enrol lments and a comparat ively steady level of research funding; 

and 

( 2 )  low rates of retirement of present tenured faculty ,  

resulting from low rates of faculty growth during the 1 940 ' s  and 

1 950 ' s  compared to the 1 960 ' s , and from changed laws af fecting 

retirement policies . 

Magnitude and Timing of the Problem 

( 1 ) The extent of the expected shortfall in hiring differs 

cons ide rably by field .  Some f ields ( such a s  phys ics ) already have 

an accumulated hiring shortfa l l  of several years duration; in others 

a shortfall is j ust emerging7 in still others s ignif icant reductions 

in hiring new faculty may not emerge at al l .  

v 
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( 2 )  The sudden change from rapid growth in the early 1 960 ' s  to 

no growth in the 7 0 ' s  has left univers ities with a faculty age 

profile that peaks between ages 40 and SO . This provides a current 

retirement rate of less than 1 \ ,  whereas for the same s i ze of 

faculty a steady-state replacement rate woul d be about 2\ . This 

means the re is a shortage in new openings of at least 1\ of the 

total faculty per year , or about 6 0 0  positions per year at the Ph . D .  

granting institutions . 

(3) Retirement rates are expected to rise to steady-state 

levels by the late 1 990 ' s ,  roughly the s ame t ime that enrollments 

are proj ected to turn up . Thus the duration of the problem 

( averaging over f ields ) is roughly fifteen to twenty years . 

( 4 )  Divergence of enrollment trends from those projected and 

responses of the university system to changing conditions may tend 

either to mitigate or to worsen the expected shortage in new facul ty 

openings . In the light of the outlook as it can reasonably be 

foreseen today , we regard the above estimate of the magnitude of the 

problem as conse rvative . 

Implications for the Vitality of Science 

Damage to the nation ' s  research ef fort is l i kely to result from 

the expected constriction in the f low of new facul ty , in the absence 

of countervaili ng policies , for at least three reasons : 

( 1 )  the rate of research innovation , the inflow of new ideas , 

and the vitality of the research envi ronment will be impaired; 

( 2 )  continuity in the education and socialization of 

succeeding generations of researchers will be threatened; and 

(3 )  the perceived lack of opportunities for an academic career 

may di scourage able and creative young people from pursuing careers 

in bas ic scientific research . 
vi 
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Principal Recommendation 

Research Excellence Awards 

To ensure an adequate flow of new faculty into research 

producing universities and to foster the research efforts of 

outstanding present faculty , the Committee on Continuity in Academic 

Research Performance recommends that the National Science Foundation 

establ ish a program of Research Excellence Awards . These are to be 

five-year , non-renewable awards for tenured or non-tenured faculty 

members nominated by their departments . The awards will provide 

partial salary support ( including summer support for research time ) 

to award recipients . The employing university will commit itself to 

devote funds freed by these awards to the hiring of additional 

faculty in the recipient ' s  department . 

The number of awards should be chosen so as to el iminate half 

the hiring deficit in fields suffering a serious hiring shortage as 

determined by NSF on the basis of several indicators . Present 

indicators of the severity of the problem suggest that at its peak 

level of operation in the late 1980 ' s  the scale of the program 

should be set to create approximately 250 positions per year , summed 

over the eligible fields of science and engineering. The total 

program cost is estimated to be $381 million in 1979 dollars 

assuming a 20 year period of operation . 

vii 
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CHAPTER I • INTRODUCTION AND BACKGROUND 

The notion that there is a " young investigator" problem in 

academic science and engineering in the United States is becoming 

increasingly widespread. Studies based on several different data 

sources indicate substantial declines in the percentage of " recent" 

Ph . D . ' s  on college and university faculties in a number of science 

and engineering f ields . A " recent" Ph . D .  is  defined as one who has 

obtained the degree within the last seven years .1/ Rates of growth 

of faculty in a wide range of fields have fal len sharply from the 

levels of the 1960 ' s . Given the realities of the impending downturn 

in the size of the college age population , low rates of retirement 

among present faculty , and a political environment unfavorable to 

public spending , many expect these trends toward low faculty hiring 

rates and decl ining proportions of " young"�/ faculty in universities 

and colleges to continue and probably worsen over the next decade . 

Such projections , of course , underlie often expressed worries about 

the state of the academic job market for science and engineering 

( and other ) Ph . D . ' s  in the 1980 ' s .  ( See Freeman , 19761 Cartter , 

1976 ) 

But these projections give rise to a distinct , though not 

unrelated worry : wi ll  the "aging" of faculties and the shortage of 

!/ The figure of seven years has been employed in these 
studies largely because it corresponds to the " norma l "  time to 
tenure under American Association of University Professors 
guidelines . The trends are not notably affected by the use of a 
different number of years to define " recent . "  The relevant data are 
reported in Chapter I I .  ( It should be noted that the group of 
" recent" Ph . D . ' s  defined in th is way and the group of non-tenured 
faculty are not equivalent , since tenure decisions frequently occur 
earlier or later than the seventh year after the Ph . D . )  

2/ "Young" in th is context is best regarded in terms of 
"academic age" -- years since Ph . D .  or some comparable measure . 

-1-
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positions for new faculty members impair the health and vitality of 

the American scientific enterprise? 

The potential threat to the vitality of science can be seen in 

several different lights . Perhaps it is the case that young 

scientists are uniquely creative or productive in the research 

enterprise , and hence a decline in their representation on faculties 

wil l  reduce the effectiveness of research . Or perhaps the point is 

less that youth per !! is a source of creativity and more 'that , 

given the social structure of the scientific enterprise , a constant 

flow of new talent is needed to import new techniques , ideas , and 

lines of research to academic departments . Young people , that is , 

may be important not just because of their individual contributions 

to research but because they have traditionally been relied on to 

promote a stimulating research environment in their departments . 

Still another concern is that a lack of career opportunities may 

turn the best young minds of a generation away from research careers 

in science and engineering . 

Exactly what stands to be lost from a constrict ion in the flow 

of new Ph . D . ' s  into academic positions is a question we shall 

examine more carefully in chapter III below . But the fact of 

widespread anxiety about the declining numbers of young people in 

academic science is unmi stakable .  The anxiety was well captured by 

a physics professor who was interviewed by David Breneman , ( 1978 , P• 

158 ) :  " I  know what everyone in this department thinks about the 

research problems that interest me , and the thought of having no new 

colleagues to talk with is chilling ." Smith and Karlesky gave the 

problem prominent attent ion in their survey of the state of academic 

science ( 1978 , PP• 179 -185 ) .  A National Science Foundation Task 

-2-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


Group chaired by Howard Schachman ( National Science Foundation 

Advisory Council , 1 978 ) addressed the young investigator problem as 

one among a series of threats to the continued viability of 

univers ities as centers for basic research . The problem is also 

being examined by the Carnegie Council on Po licy Studies in Higher 

Education and by the As sociation of American universities . The 

issue has even received some attention in Presidential messages and 

in the popular as wel l  as the scientific pres s .  ( Abe lson , 1 979r 

Carter , 1 979r Cooney ,  1 979r Greenberg , 1 9 79 )  

Nor is th• concern confined to the United States . The 

underlying causes of the drop in numbers of positions for new 

faculty -- rapid growth of faculties in the 1 96 0 ' s  and early 70 ' s  

fol lowed by s low or no growth s ince -- have been common to most 

industrial nations . A number of countries have launched studies of 

the problem and a few have proposed and in one case ( France ) even 

implemented policies to counteract adverse ef fects of faculty 

aging .� 

In recognition of the importance of these concerns , the 

National Science Foundation requested the Nationa l Academy of 

Sciences to prepare a study to guide public policy in relation to 

the employment of new Ph . D . ' s  in academic research over the coming 

decades . The Academy was asked to "as sess recent studies that 

proj ect the numbers of higher education faculty and non-faculty 

research positions that wil l  become open , "  and to " compare the 

findings of various studies in terms of the estimated future numbers 

11 The French situation is described in OECD ( 1 977 ) and 
Redfern ( 1 979 ) . Charles Kidd developed background in formation on 
studies for France and a number of other countries for this 
committee . 

-3-
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of academic [positions] which may be available and the estimated 

numbers of j unior to total academic faculty and non-faculty 

researchers . "  NSF asked the Academy to report its findings by broad 

f ield of science and engineering ( i . e . , physical sciences , life 

sciences , mathematical sciences , and behavioral and social sciences ) 

and , to the extent possible , by discipline ( chemistry , physics , 

etc . ) within those broad fields . The Academy was further asked to 

"evaluate possible alternative public policy actions , if any , in the 

science and engineering area in light of the assessment , "  and to 

"recommend alternative Federal or national actions deemed necessary 

on the basis of this work . "  (NSF "Statement of Work , "  January 26 , 

1 9 79 . ) 

The Committee on Continuity in Academic Research Performance 

was formed under the auspices of the National Research Council ' s  

Commission on Human Resources to undertake the study requested by 

the NSF . The Committee has a broad interdisciplinary base , 

including representatives from the fields of chemistry , physics , 

biosciences , mathematics , statistics , engineering , economics , 

psychology , and sociology . The Committee membership represents an 

array of institutions with differing degrees of research commitment 

and includes representatives of institutions that have a large 

number of doctoral  ( non-faculty ) research staf f members .  The 

Committee includes among its members a demographer ,  a statistician , 

and a sociologist of science . One of its members brings the 

experience gained from a long career in public service in an 

elective off ice . 

In approaching its tasks , the Committee has been able to rely 

on the work of other committees of the National Research Council 

-4-
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deal ing with related problems . The Committee on a Study of National 

Needs for Biomedical and Behavioral Research Personnel has examined 

simi lar questions in the f i�lds under its purview for several years . 

The Committee on a Study of Postdoctoral& and Doctoral Research 

Staff in Science and Engineering has prepared an interim report on 

the postdoctoral population and a report on non-faculty doctoral 

research staff which we have found helpful . The work of the 

Committee on the Education and Employment of Women in Science and 

Engineering and of the Committee on Education and Employment of 

Minority Group Members in Science has also been of use to the 

Committee . The Commission on Human Resources is currently in the 

planning stages of a study of the young faculty problem in the 

humanities . 

The Committee is aware of several existing programs supported 

by private foundations and federal agencies which have the purpose 

of supporting and encouraging the academic careers of young Ph . D . ' s . 

These include fellowship programs supported by the Sloan Foundation , 

the Research Corporation , and the Kellogg Foundation , the recently 

announced program of support for young scholars in high energy 

physics sponsored by the Department of Energy , and the Research 

Career Development Awards offered by the National Institutes of 

Health . We have learned from these programs in des igning the 

program of awards we recommend below . 

Several NSF advisory and policy-making groups are also 

examining issues related to this committee ' s  concerns , including 

committees of the National Science Board and the NSF Advisory 

Council Task Group on "Alternative Support Mechanisms for University 

Research" chaired by Dr . Matina Horner . To assist these groups a 

-5-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


small NSF Staff Group on Young Investigators/Young Faculty was 

formed. This group was asked to develop some materials to be shared 

with the present committee , including an annotated bibliography , an 

inventory of federal programs relevant to these problems, and the 

results of a study of the degree of success of young investigators 

in the competition for research funds . Although much of this 

material became available rather late in the committee ' s  schedule ,  

we have been glad to have the opportunity to review it . 

our task , as we understand it , goes considerably beyond the 

appraisal of forecasts of future academic positions for scientists 

and engineers . In order to make policy to offset the "problems" 

created by a decline in the number of positions available it is 

necessary not only to determine the likely extent ( if any ) of the 

decline , but also to determine whether and why such a decline in 

proportions of young academic researchers constitutes a "problem . "  

In approaching our ass ignment , we therefore decided it was 

essential to examine very careful ly the role played by young 

scientists in the research enterprise . This was essential not only 

in deciding whether indeed there was a problem, but also in 

recommending appropriate remedies to whatever problems we found . 

our concern is with the vitality of university science , not with the 

employment of young scientists as an end in itself . We did not 

assume � priori that the only or the best way to offset any threat 

to scientific vitality stemming from a loss of continuity in faculty 

development had to come in the form of encouraging additional hiring 

of young faculty . In fact , one of our conclusions is that renewal 

and sustained vitality of all faculty should be an important 
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component of an effective strategy to maintain sc ientific vitality 

in the coming decades . 

The organization of our report reflects these concerns . In 

chapter I I ,  we provide our assessment of recent forecasts of demands 

for new Ph . D . ' s  in sc ience and engineering . our central conclusion 

is that reductions in rates of hiring and of proportions of young 

researchers below recent levels and below those that would be 

sustainable over the long run with a faculty of present size can be 

expected in some but not all f ields of science and engineering in 

the next decade . 

Chapter III is an intensive examination of the impl ications of 

this expected decline in numbers of young faculty for the 

effectiveness of sc ientific research . OUr analysis of the process 

by which first class research is produced in universities leads us 

to conclude that an interruption in the flow of new faculty hires 

over a period of years may seriously impair the vigor and 

effectiveness of the academic research enterprise . Given the key 

role of the university as a producer of basic research for the . 

entire u.s. research and development system , we conclude that 

federal action to offset the threat to academic research 

effectiveness is warranted . 

Chapters IV through VI turn to the asses sment of alternative 

national policies . Following a survey of possible policies in 

chapter IV, we de scribe in chapter V a program of Research 

Excel lence Awards which wi ll  work both to enhance the research 

effort of selected members of the existing faculty and to provide 

openings for new faculty in sc ience and engineering departments . 

Chapter VI discusses some related matters , inc luding the role of 
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institutions other than the major research producers , the need for 

better data and monitoring of the Ph . D . labor market , and the means 

of maintaining the vitality of the present faculty . 

A summary and conclusions appear in chapter VI I .  
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CHAPTER I I .  PROJECTIONS OF NEW FACULTY HIRING 

Several recent projection studies indicate that s ignif icantly 

reduced rates of growth in total faculty size and low anticipated 

rates of retirement will lead to quite substantial declines in rates 

of hiring of new faculty over the next two decades . The purpose of 

this chapter is to review the evidence underlying these projections , 

to assess their validity , and to determine their impl ications for 

the numbers and percentages of young faculty involved in research in 

academic science and engineering . 

We first review the roles played by enrollment demographics and 

current faculty age distributions in shaping the future demand for 

new faculty . The analysis is supported with evidence from recent 

proj ection studies , and qualifications and limitations to the 

projection re sults are reviewed . We then examine brie fly the 

overall supply-demand balance for science and engineering Ph . o . •s ,  

incorporating non-academic as well as academic positions . Finally , 

since conditions differ considerably among different areas of 

science and engineering, we examine the issues raised by 

distinguishing among expected developments in such broadly defined 

fields as the life sciences , the physical sciences ,  mathematics , the 

social sciences , and engineering . 

Future Demands for Younq Faculty : An Overview 

Concern about an impending shortage of academic positions for 

young scientists and engineers which may impair the vitality of 

science has its roots in the pecul iar dynamics which the academic 

marketplace began to exhibit several decades ago and wi ll continue 

to exhibit through the remainder of the twentieth century . While 
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differences among subject matter fields and classes of institutions 

must not be neglected , the broad outlines of this story can usefully 

be sketched at the aggregate leve l .  

The first key fact i s  the very rapid expansion i n  university 

faculties which began in the late 1 950 ' s  in response both to rapidly 

expanding enrollments and to sharp increases in federal funds for 

research . While the expansion was not shared evenly among all 

fields of higher education , or all categories of institutions , the 

data in Table 1 indicate that growth in faculties was widespread and 

substantial through about 197 0 in most of higher education . Since 

then , a substantial slowdown in enrollment growth and in the growth 

of research support has set in , leading to much reduced growth in 

the size of faculties . Table 1 shows that maj or public and private 

universities participated in these trends . 

There is almost no doubt that the slowdown in total enrollment 

growth will continue , and the prospect i s  very real that such 

enrollments wil l  actually decline . Figure 1 recalls the basic 

demographic fact : the number of 1 8  year olds will decline to about 

8 1  percent of its present level by the year 1 986 .1/ By 1 99 1 , the 

number of 1 8  year olds will have fallen to less than three-quarters 

of its 1 979 level . Conceivably , increases in rates of college 

attendance might prevent actual declines in total college 

attendance , but no reasonable observer expects a return to growth 

rates anything like those of the 1 960 ' s .� 

11 Note that the range on the vertical axis in Figure 1 has 
been compressed to show the changes more clearly . This may lead to 
an exaggerated visual impression of the magnitude of the change . 

� For di scussion of enrollment projections , see Bowen ( 1 974 ) ;  
Carnegie Foundation ( 1 975); Cartter ( 1 976); Dresch ( 1 975a , b); 
Freeman ( 1 976) .  
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w I 

Tab�e � 

NUMBER AND PERCENTAGE GROWTH RATE OF FULL-TIME FACULTY, 
a/

ALL COLLEGES AND UNIVERSITIES 
AND SELECTED GROUPS OF COLLEGES AND UNIVERSITIES, 1957-58 THROUGH 1977-78 

All Higher Education Selected Major Public Selected Major Private California State University 
Institutions Universities bl Universities cl sxstem d/ 

Annual y Annual y Annual y Annual 
Number Growth Rate Number Growth Rate Number Growth Rate Number Growth Rate 

1957-58 6,363 5,821 (n.a.) 

1961-62 162,000 8.921 10.1% 7,407 6.8% 4,341 

1965-66 248,000 13.2% 12,545 10.2% 8,389 3.3% 6,410 11.9% 

1969-70 350,000 10.3% 16,435 7.8% 10,094 5.1% 10,235 14.9% 

1973-74 389,000 2.8% 19,000 3.9% 10,268 0.0% 11,074 2.0% 

1977-78 449,000 3.8% 18,444 -0.1% 10,394 0.0% 11,296 0.1% 

!I All faculty with rank of instructor or above. 

� Sample includes: the Universities of California, Illinois, Michigan, Minnesota, Washington, and Wisconsin. 

f1 Sample includes: Brown, California Institute of Technology, Case Western Reserve, Cornell (Endowed Colleges), 
Dartmouth, Harvard, Johns Hopkins, Massachusetts Institute of Technology, Northwestern, Oberlin, Princeton, University of 
Pennsylvania, University of Rochester, Stanford, Washington University (Mo.), Yale, and Columbia. 

y 

� Sample includes: California State Colleges at Bakersfield, Dominguez Hills, San Bernadino, Sonoma, and Stanislaus; 
California State Universities at Chico, Fresno, Fullerton,H�ward, Long Beach, Los Angeles, Northridge, and Sacramento; 
Humboldt, San Diego, San Francisco, and San Jose State Universities; and the California State Polytechnic Universities 
at Pomona and San Luis Obispo. 

y Annual average growth rate over four years preceding. 

SOURCES: National Center for Educational Statistics, Projections of Educational Statistics to 1986-87; 
American Association of University Professors' Data Bank. 
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FIGURE 1 Census Projection of Number of 1 8  Year Olds, 1 976-2000. 
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A relatively optimistic and much cited forecast of enrollment 

trends , developed by Allan Cartter for the Carnegie Commission , has 

been updated by Roy Radner and Charlotte Kuh ( 1 978 ) . As shown in 

Table 2 ,  it projects a decline in total degree-credit 

full-time-equivalent ( F-T-E ) enrollment of 6\ between its peak in 

1 982 and its trough in 1 98 7 .  A decline o f  an additional 1 0 \ ,  

following a brief rise , is  projected by 1 994 . Individual fields or 

types of institutions may buck the trends by getting a larger share 

of the available students , but real istically such fields and 

institutions ought to think in terms of avoiding enrollment declines  

rather than expecting significant sustained growth in student 

population . Since requirements for teaching faculty are closely 

linked to enrol lment levels , these enrollment trends alone thus 

point toward a cessation in the growth of faculties ,  with serious 

consequences for the rate at which new faculty can be hired . 

It further seems unlikely that growth in research funding will  

permit universities to expand their faculties substantially . Given 

the short-term nature and instability of most research funding , 

research funds do not generally provide an acceptable base for 

establishing regular faculty positions . Furthermore , while trends 

in research funding are hard to predict , and are highly field 

dependent , there is little reason for confidence that growth rates 

of spending like those of the 1 960 ' s  can be expected in most -- if  

any -- fields . 

Viewed in the aggregate , then , the 1 970 ' s  are a period in which 

the higher education system has begun to make a rather abrupt 

transition from conditions of rapid growth to conditions of steady , 

or perhaps modestly declining , demands for its services . This trend 
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YEAR 

1976 
1977 
1978 
1979 
1980 
1961 
1982 
1963 
1984 
1985 
1986 
1987 
1988 
1989 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 

Table 2 

PROJECT I ONS OF FULL-TIME-EQUIVALENT 
DEGREE CREDIT ENROLLMENTS, 1976-2000 

( I N  THOUSANDS) 

GRADUATE 
UNDERGRADUATE PROFESS IONAL 
ENROLLMENT ENROLLMENT 

4899 875 
5012 867 
5115" 868 
5233 870 
5322 885 
5358 901 
5378 913 
5323 938 
5224 979 
5106 981 
4993 990 
4953 992 
4984 975 
5051 962 
5006 928 
4876 919 
4756 923 
4680 935 
4662 935 
4651 911 
4710 884 
4807 873 
4992 873 
5178 881 
5374 887 

Source : Radner and Kuh (1978 ) , p. 39 · 
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TOTAL FTE 
ENROLLMENT 

5774 
5879 
5983 
6103 
6207 
6259 
6291 
6261 
6203 
6087 
5983 
5945 
5959 
6013 
5934 
5795 
5679 
5615 
5597 
5562 
5594 
5680 
5865 
6059 
6261 
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is  almost certain to produce a significant reduction in the number 

of academic positions opening up for new Ph . D . ' s . 

A very important point to stress here is that it does not take 

an actual decline in total enrollment or faculty size to cause a 

quite substantial negative impact on rates of hiring of new Ph . D . ' s . 

The simple fact of moving from the smaller faculty size of the 

1 940 ' s  and 1 950 ' s  to the larger total faculty required more recently 

is enough to depress hiring rates not just below those experienced 

during growth , but also below those which would be experienced under 

long run " steady-state"  conditions .� We define a steady-state as a 

s ituation of balance between numbers recruited into and numbers 

leaving academic positions , with a stable total faculty s ize and 

unchanging age distribution . Such an equilibrium steady-state age 

distribution would tend to evolve naturally over a long enough 

period of time if the rate at which new faculty were hired remained 

constant . While such a steady-state may or may not emerge in 

reality , it provides a useful benchmark for comparison with the 

existing and prospective situation , and it has become a common 

device used by university planners who have adopted the target of 

maintaining a constant faculty s ize as a reasonable goal in the 

period ahead. 

The relevant point here is that the transition to the 

steady-state , in the absence of explicit " smoothing" policies , can 

involve sharply reduced rates of hiring . The reason is that the 

past period of growth tends to produce a bul ge in the center of the 

age distribution of the tenured faculty . Retirement rates after 

� A parallel phenomenon which arises with regard to 
investment in capital goods is referred to in economics as "the 
accelerator effect . "  See Samuelson ( 1 977 ) , PP• 260-263 . 
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growth ceases are therefore below their steady-state levels , 

depressing the need for replacements during the trans ition to a 

balanced age distribution , as the bulge "moves through the system ." 

The prospective shortage of new academic positions can , then , 

be separated into two parts . One corresponds to the actual decline 

in total faculty size which may occur as the enrollment crunch is 

felt with increasing severity through the mid- 1 980 ' s .!/ The other 

reflects the low level of  "replacement" hires that will result 

simply from the growth- induced " age-bulge"  coupled with cessation of 

further growth in faculty size . This second problem ,  although 

perhaps less dramatic than the f irst , is actually more immediate and 

palpable . It is a problem,  furthermore , which wi ll exist even if  

the demographic ef fects on enrollments are less severe than some 

predict , and which will exist even for those institutions where 

enrollments remain steady through the 1 980 ' s .  

The problem in fact exists now , as the following data 

demonstrate . Figure 2 compares the existing age distribution of 

doctoral faculty in science and engineering at Ph . D .  granting 

institutions with a model age distribution characteristic of a 

!I Although demographically induced enrollment declines wi ll 
not begin for a few years , some institutions have already reduced 
faculty hiring in anticipation of such declines . 
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FIGURE 2 Actual and Steady-State Age Distributions, Full-Time Doctoral Faculty at Ph.D. Granting Institutions, 1 978. 
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steady-state equilibrium with constant faculty size .�/ One sees 

that there is a "hump" in the actual age distribution , compared to 

the steady-state , between the ages of 35 and 50 . But more striking 

and signif icant is the very low proportion of faculty aged 55 and 

above . Those are faculty for the most part who were hired in the 

years preceding Sputnik , and , compared to those hired in the 

post-Sputnik era , they are few . Thus , there will be few retirements 

in the next f ive to ten years or more . 

Retirements wil l  be further depressed by recent changes in laws 

governing mandatory retirement . 
'
It will be illegal after July 1 ,  

1 982 for universities and colleges to establish a mandatory 

retirement age of less than 7 0  years . It is not known what 

proportion of faculty who under previous law would have been 

required to retire at age 65 wi ll instead choose to stay on longer . 

However , espe cially in light of the tendency of inflation to erode 

pension benefits , the proportion is likely to be high . The 

principal effect is then likely to be the delaying of retirements 

from the mid- 1 980 ' s  to the late 1 980 ' s  and early 1 990 ' s . The result 

2/ The model assumes ( 1 )  that the age distribution of entering 
faculty is the same as that of 1 978 Ph . D . ' s  planning employment at 
Ph . D .  granting institutions, ( 2 )  that 50\ of new faculty earn tenure 
at Ph . D .  granting institutions after five years , and the rest leave 
for employment elsewhere, ( 3 )  that age-specific death rates for the 
total u.s. population apply to faculty; and ( 4 )  that all faculty 
retire at age 6 5 .  A fuller description of the model and an analysi s  
o f  these assumptions appears i n  Appendix D .  

It should be noted that the data on the existing age 
distribution employed in Figure 2 and data cited at several other 
places in this report are drawn from the NRC ' s  Survey of Doctorate 
Recipients , a longitudinal survey based on a stratified sample 
representative of the population of doctorates residing in the 
United States . In 1 97 7 , the survey sample consisted of 7 9 , 37 5 
individuals , of wham 64 , 742 were in science and engineering . 
Population estimates inferred from these sample data may be subj ect 
to sampling error and error of other kinds . For a comprehensive 
discussion of sources of error in the Survey of Doctorate 
Recipients , see NRC ( 1 978b ) , Introduction and Appendix E. 

-20-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


will be a shifting of retirements from a point when they would 

already be quite low to a point when , in many fields , they would 

have begun to recover. Thus the effect will be to extend and 

intensify the retirement shortage .� 

While enrollment declines will vary among fields and types of 

institutions , the age distribution problem among existing faculties 

is more nearly universal . Table 3 shows the proportion of doctoral 

faculty near retirement age at Ph . D . granting institutions by field 

for 1 977 and compares anticipated retirements to steady-state 

retirements on the assumption of a retirement age of 6 5 . 1/  There 

are only two science and engineering fields where retirements can be 

expected to stay consistently close to steady-state levels in the 

next decade -- namely , agriculture and earth sciences . The 

approximate projections of anticipated retirements reported in Table 

3 are corroborated by more sophisticated projections of death and 

retirement rates prepared for this committee by Roy Radner and 

Charlotte Kuh . The Radner-Kuh results by broad field of science and 

engineering , which are derived from a dynamic model of faculty 

demand and aging , are reported in Table 4 .  Since in the 

steady-state deaths and retirements combined average 2 . 5\ to 3\ 

� For discussion of the impact of changing retirement laws , 
see Hansen ( 1 979a ) , Palmer ( 1 979 ) ,  and Patton ( 1 979a , b ) . 

11 The prospective change in mandatory retirement age has a 
smaller impact on the steady-state retirement rate than on actual 
retirement rates in the near term . These calculations therefore 
tend to underestimate the extent of the retirement shortfall . 

The data on faculty age distribution in Table 3 ( and in Figure 
2 above ) pertain only to doctoral faculty . It is likely that 
non-doctoral faculty are somewhat older on average than doctoral 
faculty , implying that the percentages of older faculty reported may 
be underestimates .  But since non-doctoral faculty comprise les s  
than 4 \  o f  total ful l-time faculty a t  Ph . D .  granting institutions 
( NSF , 1979 ,  P• 1 2 ) , any underestimate from this source must be quite 
smal l .  
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Table 3 

AGE DISTRIBUTION AND ANTICIPATED RETIREMENTS OF FULL-TIME 
FACULTY AT PH.D. GRANTING INSTITUTIONS, BY FIELD 

OF SCIENCE AND ENGINEERING, 1977  

Percent of Full-Time Faculty Anticipated Retirements as Proportion 
With Age 

Greater than 56-60 51-55 
60 

ALL FIELDS 5.5 8.1 11.5 

MATHEMATICS 4.5 4.2 7.6 

PHYSICS 3.3 7.0 13.5 

CHEMISTRY 8.0 8.0 8.5 

EARTH SCIENCES 7.4 7.0 14.0 

ENGINEERING 4.0 7.8 13.2 

AGRICULTURE 7.5 14.2 14.0 

BIOSCIENCES 5.9 8.0 12.1 

PSYCHOLOGY 4.7 6.6 9.9 

SOCIAL SCIENCES 6.2 8.8 11.1 

--------------------------------------------

STEADY STATE 9.2 12.3 13.0 

SOURCE: NRC, Survey of Doctorate Recipients. 
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of Steady-State Retirements 

1978-82 1983-87 1988-9 

.60 .66 .88 

.49 .34 .58 

.36 .57 1.03 

.87 .65 .65 

.80 .57 1.07 

.43 .63 1.02 

.82 1.15 1.08 

.64 .65 .93 

.51 .54 .76 

.67 .72 .85 
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Table 4 

PROJECTED COMBINED DEATH AND RETIP� RATES AS PERCENT 
OF TOTAL FACULTY, BY BROAD FIELD OF 
SCIENCE AND ENGINEERING, 1976-2000 

Physical Life Social 
Year Mathematics Sciences Engineerin.2_ Sciences Sciences 

1976 1.06 1.11 1.07 1.27 
1977 .94 1.41 .79 1.28 
1978 .93 1.22 .61 1.35 
1979 .71 1.13 .61 1.21 
1980 .69 1.05 • 72 1.22 
1981 .67 1.03 .eo 1.21 
1982 • 76 1.16 .eo 1.22 
1983 .81 1.30 .96 1.40 
1984 1.12 -1.38 .98 1 . 44 
1985 1.04 1.49 1.29 1.44 
1986 .98 1.49 1.40 1. 74 
1987 1.02 1.88 1.48 1.68 
1988 1.57 2.15 1.55 2.08 
1989 1.45 1.97 1.67 1.97 
1990 1.43 2.14 1.90 1.98 

1991 1.58 1.96 1. 78 2.18 
1992 1.53 2.24 2.28 2.05 
1993 1.96 2.50 2.13 2.23 
1994 2.06 2.46 2.05 2.52 
1995 1.98 2.53 2.33 2.45 
1996 2.07 2.64 2.22 2.47 
1997 2.32 2.58 2.34 2.70 

1998 2.44 2.98 2.63 2.70 

1999 2.57 2.95 2.54 2.60 

2000 2.84 3.03 2.50 2.55 

SOURCE: Special tabulations prepared by Charlotte Kuh, based on the Radner-Kuh 
projection model and data from the NRC, Survey of Doctorate Recipients. 
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1.20 
1.21 
1.26 
1.23 
1.34 
1.31 
1.24 
1.48 
1.64 
1. 73 
1.97 
2.21 
2.19 
2.30 
2.45 
2.71 
2.73 
2.80 
2.98 
2.90 
3.00 
3.24 
3.08 
3.16 
3.12 
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per year , the Radner-Kuh data confirm that faculty vacancies from 

these sources will be below steady-state levels until well into the 

1 990 ' s .!/ 

The data in these two tables also provide a rough feel for the 

relative size and timing of the shortage of new positions in various 

fields , insofar as the shortage results from low retirements rather 

than from enrollment declines . In most fields , retirements wil l  be 

at their lowest levels over the next several years , and will  begin a 

slow recovery in the late 1 980 ' s .  In fact , by the end of the 

century , retirements in some fields are expected to exceed steady 

state levels , potentially leading to a new round of cyclic hiring . 

But fields do dif fer . In mathematics ,  the shortage of retirements 

is quite severe , and recovery comes several years later than in 

other areas . In chemistry the problem is less severe in the near 

term than in some other fields , with retirements over the next five 

years projected to be at over 80\ of the steady state rate , but the 

situation then worsens in chemistry at a point where recovery begins 

in other fields . And agriculture , as noted , appears not to have a 

problem at al l .  

A useful index of the magnitude of the shortfall in retirements 

can also be obtained from the data in Tables 3 and 4 .  Total 

doctoral faculty size in science and engineering at Ph . D .  granting 

institutions is about 7 8 , 000 . In terms of a steady-state model , 

retirements over the next f ive years would total about 9 . 2\ of the 

faculty , but they wil l  actually amount to only 5 . 5\ .  Thus 

!I National Science Foundation estimates of death and 
retirement rates to 1 987 are roughly consistent with these figures . 
See NSF ( 1 979 ) ,  Table 2 ,  P• 4 .  
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approximately 290 0 f ewe r pos itions wi l l  become available through 

reti rements at Ph. D .  granting institutions over the next f ive years 

than would be true in the steady-state with the same total faculty 

size .  Thi s  implies a shortfal l  of almos t 60 0 pos itions per year a t  

Ph . D .  granting institutions , f o r  a l l  science and engineering f ie lds 

combined. 

Low rates of retirement and markedly slowed rates of growth in 

total faculty have been present for some years now in severa l 

science and engineering f ields , and their e f fects on the proportions 

of young faculty in those f ields can be measured. Figure 3 ,  based 

on a survey of selected academic departments conduc ted by the 

American Counc i l  on Education , displays the dec line in proportions 

of recent doctoral faculty ( def ined as those wi thin seven years of 

the Ph. D. ) over the last decade . Over that period most of the 

science and engineering f ields surveyed experienced signi f icant 

dec lines in the proportion of young faculty , with the largest 

dec l ines appearing in e lectrical engineering , mathematics and 

phys ics. Figure 4 ,  based on survey data maintained by the National 

Research Council , shows a more detailed picture of recent trends . 

The latter f i gure reports trends in the proportions of recent 

Ph. D . ' s  both among doctoral faculty ( Figure 4a ) and among a l l  

doctoral academic s taf f ( Figure 4b ) , inc luding pos tdoctora l 

appointees and non- faculty doctoral staff as we l l  as faculty , at 

maj or research producing institutions� and at a l l  Ph. D .  granting 

�/ For statistical purposes we have de fined " ma j or research 
producing universities " in terms of total re search and deve lopment 
expenditures .  They include the largest univers ities in R & D 
expenditures which col lective ly account for two-thirds o f  a l l  
univers ity R & D expenditures .  In 1 97 7  these 59 univers ities 
awarded over 60\ of all Ph . D. ' s  in sc ience and engineering . 
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FIGURE 3 Trends in Proportion of Young Doctorates Among Full-Time Faculty in Selected Science and 
Engineering Departments, Spring, 1 968 - Winter, 1 977-78. 
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institutions .�/ Aqain , the sharpest dec lines are observed in 

physics , mathematics , enqineerinq and chemistry . Notice that wh ile 

inc lusion of non-faculty staff increases the proportions of younq in 

any one year , it has not to this point had a s iqnif icant ef fect on 

trends in the proportion of recent Ph. D . ' s  over time .  

Lo w  rates o f  retirement in the immediate future and dec l i ne s  in 

enrollment later in the decade make it l i ke ly that these trends to-

ward low rates of hirinq and hence more rapid aqinq of faculties 

wi l l  continue in the f ie lds that have been experiencinq them , and 

may well emerqe in other f ields .  Be fore turninq t o  the discuss ion 

in chapter I I I  of the impl ications of these trends for the 

continuity and vitality of the scienti fic research enterprise , it i s  

necessary f irst t o  examine more c losely recent studies which have 

attempted to forecast these trends quantitat ively , to examine 

poss ible off settinq factors ,  and to describe more accurate ly 

deve lopments in spec i f ic fields .  

Evidence from Recent Studies 

The view of the market for younq faculty in the cominq decades 

which we have j ust sketched is consistent with the f indinqs of the 

maj or proj ection studies of the demand and supply for Ph. D. ' s  which 

have appeared in recent years. OUr conclusions in this re qard are 

bas ed both on a careful s urvey of published studies and on the 

results of a Workshop for Specialists in Forecastinq Demand for 

Scientists and Enqineers which was convened by thi s  committee on 

�/ Di f ferences in data base and definition of variables 
account for differences between the ACE and NRC data in estimated 
proportions of younq faculty. An ana lysis of the differences is in 
Appendix F .  
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April 3 0  and May 1 ,  1979 and which was attended by the authors of 

most of the ma j or studies . Several of the participants prepared 

papers for the Workshop extending their earl ier work and comparing 

it to other studies .  Only a few central points are summarized here r 

the agenda of the workshop and a detai led review of the relevant 

studies appears as Appendix B .  

Radner and Kuh ' s study ( 1 978 ) prepared for the carnegie Coun

cil on Policy Studies in Higher Education , and their companion study 

prepared for our workshop ( Kuh and Radner , 1 9 79 ) , focus most 

explicitly on j ob opportunities for young faculty. They assume that 

enrollments in four-year col leges and universities depend mainly on 

the number of people in the college ages , that science and 

engineering enrollments wi l l  move approximately as total enrol lments 

do , and that enrol lment leve ls are the main dete rminant of faculty 

size . They do not take account of changes in R & D funding as a 

poss ible source of variat ion in faculty si ze .  Their assumptions are 

used to derive a model which proj ects aging , promotions and 

attrition of existi ng faculty year by year , and consequent openings 

for new faculty .  They conclude that the enrol lment squeeze coupled 

with the low retirement rates of the 1 98 0 ' s  will cause the annua l 

academic demand for new sc ience and engineering Ph. D . ' s  at a l l  

col leges and univers ities t o  drop b y  nearly SO\ between 1 97 8  and 

1 985 , with a fur ther drop in the early 1 990 ' s .  ( See Figure 5 for a 

summary of their projection . ) 

The Radner and Kuh proj ections imply that total doctorate 

faculty in science and engineering wi l l  be roughly the s ame in 1 98 7  

a s  i n  1 97 8 .  Th e  Nat ional Sc ience Foundation ( NSF ,  1 979 ) , on the 

other hand , projects roughly a 6\ growth in total faculty over the 
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same period . The dif ference in projections results from more 

optimistic assumptions by NSF about trends in science and 

engineering enrol�ents , the faculty-student ratio , and proportions 

of faculty holding the Ph . D .  But despite these more optimistic 

assumptions , the NSF , in a special study prepared for the Workshop , 

sti l l  concluded that there wi l l  be a s i gnif icant drop in the 

proportion of young faculty by 1 987 . Radner and Kuh estimate that 

the ratio of recent to total Ph . D . ' s  on science and engineering 

faculties wi l l  fall by about 33\ between 1 978 and 1 987 ( from . 3 0 to 

. 2 0 ) 1  NSF , with its more opt imistic assumptions , est imates a drop of 

roughly 20\.  Both projections imply a signi f icant drop not only in 

the proportion but in the abso lute numbers o f  young faculty , because 

they anticipate little growth in total faculty over the period . 

This s imilarity in the overa ll trend forecast by both Radner 

and Kuh and the NSF i s  more significant for thi s  Committee ' s  work 

than the quantitative difference between them. Since Radner and Kuh 

explicitly tried to err on the s ide of pessimism ( see Radner and 

Kuh ,  1 9 7 8 , P• 1 3 )  and since the NSF assumptions , especial ly about 

enrol�ent trends , a re probably somewhat more optimi stic than the 

demographic facts j ustify ( see Appendix B ) , we believe the two 

forecasts can properly be viewed as bracketing the most like ly 

extent of the dec line in proportions of young faculty in science and 

engineering as a whole , in the absence of po licy intervention or 

sharp changes in the f unctioning of the un iversity system. 

While the NSF and Radner-Kuh studies are the only two recent 

ones which explicitly forecast proport ions of young faculty for 

science and engineering as a whole , other studies tend to support 

their results . Thus the Bureau of Labor Statistics ( Braddock , 1 97 8 1  
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BLS , 1 97 5 ) study of uti lization of Ph . D .  scientists and engineer s  

leads to projections of total academic employment which are very 

c lose to the NSF proj ections . This should imply simi lar movements 

in the proportions of young faculty as well . And Richard Fre eman ' s  

work ( 1 976 and 1 97 7 ) ,  a lthough it does not contain any quantitative 

projections of academic pos itions for new Ph . D . ' s , presents a strong 

analytical case , based on economic as we l l  as demographic forces , 

for expecting the demand for new Ph . D . faculty to fall . Finally , 

studies for specific fields , including Grodzins ' on physics 

( 1 979a , b , c ) , Hansen ' s  ( 1 979b)  on economics , and the Nationa l 

Research Counci l ' s  ( 1 978a ) on biomedical and behavioral sciences 

support the overall ana lysi s  presented here . Some of these 

f ield-specific f indings are further discussed below . 

Qualifications to the Proj ection Results 

The fact that the projections tend to agree about the future 

status of young faculty does not , of course , prove they are right . 

All the proj ect ions re ly on certain common assumptions about the 

operation of the higher education system ,  and some of those 

assumptions may prove wrong . Herewith we present a brief review of 

the most vulnerable assumptions and their potential importance . 

Voluntary Exits from Tenured Positions 

Laggi ng growth in academic demand for Ph . D . ' s  is likely to lead 

to a worsening of working conditions and salaries for academic 

re lative to alternat ive occupations open to science and engineering 

Ph . D . ' s . It may therefore be expected that more tenured professors 

will elect to leave academic positions than have in the past . Thi s 

wil l  tend to create openings for non-tenured people and thereby ease 
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the age distribution problem . This factor i s  already taken into 

account to some degree in the Radner-Kuh analysi s ,  whi ch assumes 

such " tenured quits" wi l l  run between one-half and one percentage 

point higher in the 1 98 0 ' s  than in earlier year s , during which exits 

of tenured people have been roughly balanced by new hires of tenured 

people from outs ide of academia . But if  the rate of exits goes 

substantial ly higher than that , it could signi f icantly improve the 

academic employment picture for new Ph . D . ' s , relative to Radner and 

Kuh ' s  and other proj ections . So far , net rates of exit of faculty 

from tenured positions remain quite low ,  and no evidence has yet 

emerged of a significant trend toward increasing exits of tenured 

personne l .11/ 

Very high rates of exit of tenured faculty wi l l  come about only 

if the financial condition of un ivers ities worsens sharply in the 

S O ' s , leading to serious real or relative salary deterioration in 

academia , and if the non-academic job market is strong. The number 

of non-academic j obs available to Ph . D . ' s  is very difficult to 

forecast -- it depends heavily , for one thing , on the overall 

condition of the economy -- but both the NSF and BLS forecasts of 

the non-academic labor market for Ph . D . ' s  ( based large ly on past 

trends in employment growth ) suggest that new j ob opportunities wi l l  

b e  more abundant i n  the non-academic than i n  the academic sector . 

The availability of such non-academic opportunities is also 

plainly quite field dependent . Table 5 ,  showing the distribution by 

f ield of academic and non-academic employment of Ph . D . ' s  in 1 977 , 

provides an indicator of these field differences . Should large 

111 This is corroborated by Grodzins '  work in physics 

( Grodzins , 1 979b ,  Table V) and by estimates obtained by Kuh and 
Radner from data in the Survey of Doctorate Recipients ( Kuh and 
Radner , 1 979 and unpublished results ) .  
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Tabl e 5 

NUMBER AND PERCENT OF PH . D .  SC I ENT I STS AND ENG I NEERS 
BY ACADEMI C  vs . NON-ACADEMI C  EMPLOYMENT AND F I ELD , 1 977 

Total Emp l oyed i n  Acad em i a  Emp l oyed E l sewhere 
F i e l d  Labor Force Number Percent Number Percent 

Tota l , Al l F i el d s  261 , 1 82 1 46 ,603 56 1 1 1  ,369 43 

Mathemati c s  1 9 , 1 02 1 3 , 268 69 5 ,666 30 

Phys i c s  1 7 , 627 1 0 , 677 6 1  6 ,686 38 

Chem i stry 32 ,81 9 1 3 , 055 40 1 9  ,3 1 2 58 

Earth Sc i ences 1 2 ,262 5 ,808 47 6 ,37 3 52 

Eng i neer i ng 42 ,302 1 4 , 538 34 27 , 5 1 1 65 

Ag r i cu l tu re 1 3 ,848 8 ,01 5 58 5 ,765  42 

B i osc i ences 54 ,357 36 , 466 67 1 6 , 974  3 1  

Psyc hol ogy 3 1 ,950 1 6 , 058 50 1 5 ,477 48 

Soc i a l  Sc i ences 36 ,91 5 28 ,7 1 8  78 7 , 605 2 1  

SOU RCE : NRC , Su rvey of Doctorate Rec i pi ents. 
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numbers of tenured faculty begin leaving academia , the hiring 

situation for new faculty in the af fected fields would be eased , but 

other problems would arise . If ,  as can be expected , those who leave 

are among the abler and more productive faculty ( s ince they have the 

best non-academic opportunities ) ,  such exits might have a strong 

negative effect on academic research vita lity . 

Rates of Promotion to Tenure 

Other thi ngs bei ng equal , the larger the fraction of new 

faculty who are promoted to tenure , the fewer the openings there 

will be for hiring of new faculty later , and hence the more rapidly 

the facul ty as a who le wi l l  age , and the fewe r young faculty there 

wi ll be .  Thus arises the poss ibility that universities wil l 

institute a " revolving door" po licy of not tenur ing young facul ty as 

a way of assuring a continued source of openings for young 

faculty .� Radner and Kuh have incorporated thi s  factor in their 

model to some degree , by including an assumption that rates of 

promotion tend to fal l when market conditions for new Ph . D . ' s  

worsen . But if thi s  tendency i s  substantially stronger than they 

have assumed , new hires would not fall as much as they proj ect . One 

reason that NSF proj ects a smaller decl ine in the proportion of 

�/ In the past , assi stant profes sors not rece iving tenure at 

one institution were very l ike ly to be able eventua l ly to receive 
tenure e lsewhere , perhaps at an institution of lesser rank . Thi s 
poss ibility becomes more doubtful as growth in overal l  facul ty s i ze 

slows . In fact , Grodzins has found that in physics the like lihood 
of a faculty member turned down for tenure remaining in academia has 

declined sharply in recent years ( Grodzins ,  1 97 9b ,  P• 9 ) . Further , 

a " revolving door" po licy at research universities might increase 

the number of openings for new faculty at those institutions , even 

if the faculty turned down for tenure at the research universities 

eventually obtain tenure e lsewhere in the h igher educat ion system .  
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young faculty is that they assume a lower promotion rate than do 

Radner and Kuh . Notice that a s ide e ffect of a "revolving door "  

tenure policy would be a n  even more rapid aging of the tenured 

faculty and hence a wideni ng age gap between tenured and non-tenured 

faculty . 

The Faculty-Student Ratio 

A rising faculty-student ratio increases hiring and reduces 

faculty aging. Such a rise might occur in the 1 98 0 ' s  and 9 0 ' s  for 

either of two reasons . First , increased research funds re lative to 

enrol lment-generated funds might lead to the hiring of more Ph . D . ' s  

in universities in research positions ( although whether they woul d 

have ful l faculty status i s  doubtful ) .  Second , reduced relative 

wages for facul ty members might induce col leges and universities to 

employ relatively more faculty . There is some econometric evidence , 

in Richard Freeman ' s  work ( 1 977 ) and in Allen Singer ' s  work ( 1 979 ) 

in the biomedical f ields ,  that faculty-student ratios are responsive 

to both these variables . However , university budgets are l i kely to 

be under great strain in the 1 980 ' s ,  owing to enrollment declines 

and inflation in energy and other costs , and it may be doubted that 

any signif icant increase in the faculty-student ratio wil l  emerge in 

the absence of new sources of funding . The NSF proj ection , as noted 

above , projects an increase in the faculty-student ratio and st ill 

proj ects a dec line in new hires . 

Ph . D .  vs . Non-Ph . D .  Faculty 

Universi ties in the 1 980 ' s  may try to "upgrade" their staffs by 

hiring more Ph . D . ' s  re lat ive to non-Ph . D . ' s .  The potential impact 
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on hires of younq Ph . D . ' s  is , however ,  rather l imited , s ince tenured 

non-Ph . D . ' s  can be replaced by Ph . D . ' s  only when they depart the 

system throuqh normal attrition . Furthermore , the fraction of 

non-Ph . D .  faculty hires at research producinq institutions is 

a lready so low that no s iqnif icant increase in positions for new 

Ph . D . ' s  at such inst itutions can be expected from this source . 

Major Research Produc inq I nstitutions vs . Others 

Expected dec lines in enrol lment are one basi s  for predictions 

that new hires in academic sc ience and enqineerinq wi l l  fall over 

the next decade . But it i s  doubtf ul that these demoqraphic ef fects 

wil l  be felt with as much force at the ma j or research institutions , 

which tend to have stronq student markets relative to the rest of 

hiqher education . The maj or un iversities have not in the past had 

on the averaqe as c lose a link between their faculty s i ze and 

enrol lment demoqraphics as have other col leqe s  and universitie s . 

The extent to which more prestiqious institutions wi ll in fact 

share in the overal l  antic ipated decline is quite diff icul t to 

predict . For pr ivate institutions especially , the result will 

depend on the wi l linqness of students and their f ami l ies to bear 

risinq tuition costs . At public institutions , the outcome wi ll turn 

on ( amonq other thinqs ) how state budqet funds are rea l located in 

response to enrol lment drops . It does indeed seem like ly that major 

research producers wi l l  not be amonq the worst affected by the 

impendinq dec line , but the impact that some of them wi l l  feel i s  

l ike ly t o  b e  s iqni ficant . 

Summary of Qualifications 

It is undoubtedly true that these qua lifyinq factors wi ll , on 

net , soften somewhat the impact of enrol lment demoqraphics on the 
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hirinq of new Ph . D .  faculty , e specially at the research 

universitie s . But we beli eve , despite thes e  mitiqatinq factors , 

that the impact wi ll be real and substantial and wi l l  be broadly 

felt in academia . 

Moreover ,  it is necessary to reemphasize that the hirinq 

problem has two sources .  Even i f  enrollments and numbers of faculty 

stay constant and R & D support keeps up with inf lation -- and more 

optimism than that would be unwarranted even at the most prestiqious 

institutions -- the current aqe distribution of the faculty impl ies 

a siqnif icant reduction in new hires over the next ten years in some 

f ields . The extent of the enrol lment problem at the ma j or research 

producers remains somewhat speculative r the faculty aqe distribution 

problem is c lear and present . 

The Supply-Demand Balance 

several of the studies we have surveyed proj ect supply as wel l  

as demand for new doctoral scientists and enqineers .�/ The NSF and 

11/ Studies of the supply-demand balance need to account for 
international flows of Ph . D . scientists and enqineer s . In 1 978 , 

approximately 1 5\ of science and enqineerinq Ph . D . ' s  educated in the 
United States were foreiqn nationals on temporary visas ( N RC ,  SUrvey 

of Earned Doctorates ) .  In enqineerinq , the fiqure was 3 2 \ .  Since 
few of these persons on temporary visas are expected to become 

permanent u . s .  res idents , the supply of Ph . D . ' s  to the u. s .  labor 
market tends to be less than u . s .  Ph . D . production . There is a l so 
some flow of u . s .  cit i zen Ph . D . ' s  abroad , and of foreiqn-trained 

Ph . D . ' s  to the u . s .  While complete data are not available on these 

miqrants , their number is apparently not suf ficient to af fect 

siqnificantly the overal l  proj ection results ( N SF ,  1 979 , PP • 3 and 
4 ) .  These international flows do not in qenera l  seem to have 
important impl ications for the variables of ma j or concern in this 

study , althouqh the very substantia l proportion of enqineerinq 
qraduate students who are foreiqn nationals needs to be taken into 

account in planninq for that field . 
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BLS proj ections which examine non-academic as we l l  as academic 

demand for Ph . D . ' s  imply that by the mid- 1 980 ' s  approximately 1 6\ of 

all science and engineering Ph . D . ' s  wi l l  be employed in positions 

other than those traditionally occupied by science and engineering 

Ph . D . ' s . ( See Appendix B for further discussion . )  The situation of 

course varies greatly by field , as Table 6 shows . Subfield 

variations , if  proj ections were available , would be even greater . 

It is important to stress that the pr imary charge given to this 

committee was not to examine the employment problems of young 

Ph . D . ' s  nor the need to achieve overall balance in supply and demand 

of scientists and engineers -- however important these issues are in 

their own right . Rather , our mission is to assess the impact on 

scientific vital ity of a shortage of positions for young facul ty ,  

and to recommend policies to avert or lessen any such impact .  

Nonetheless , this proj ected oversupply o f  young Ph . D . ' s  may be 

relevant to our concerns . 

There is first the obvious point that an adequate number of 

educated people wi ll be available to f i l l  additional faculty 

pos itions , if it is decided to create them : we face a shortage of 

positions , not of adequate ly educated candidate s .  Further , the 

potential effect of a sustained oversupply of sc ience and 

engineering Ph . D . ' s  on the career decisions of gi fted young people 

may be deleterious to sc ience . If bri ght and dedicated potential 

scientists cannot see a c lear path to a s uccessful traditional 

career , their career decisions may divert them from research . Even 

if opportunities remain reasonably strong for the best students ,  

they may not perceive them as such , and thus overreact to the market 

signal s ,  with a re sultant lowering of the quality of new re search 

performers . Empirical evidence on the relative responsiveness of 
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. 
Phys i cal Sc i ences 

Eng i neeri ng 

L i fe Sc i ences 

Ma themat i cs 

Soc i a l  Sci ences 

Al l Sci ence and 
Eng i neer i ng 

Tabl e 6 
ALTERNAT IVE PROJECT I ONS OF UT I L I ZAT ION OF PH . D .  SC I ENT I STS 

AND ENGI NEERS , BY BROAD F I ELD OF SC I ENCE 

BLS Projecti on 
!I % Excess of Labor ( Labor Force 1 tabor For�) Requi rements Force over 

thousands (thousands) Reou i re���ents · (thousands ) 

90 . 0  81 . 1 l OS 95 

60 . 5  65 . 7  none 72 

1 09 . 4  87 . 5 20S 1 03 

24 . 8  1 7 . 4 301 28 

1 28 . 0 94 . 0  27S 1 1 3  

41 2 . 7 346 . 0  1 6S 4 1 2  

!I Proj ected Ph . D .  sc i ent i s ts and eng i neers i n "tradi ti ona l empl oyments . "  

NSF Projecti on 

)!! S Exces s of Labor 
Requi rements Force over 

( thousands ) Requi rements 

87 as 

59 1 8S 

91 1 2S 

22 21 1 

84 26S 

342 1 7S 

� Proj ected •sci ence and eng i neeri ng uti l i zati on of sci ence and engi neeri ng Ph . D . ' s . •  

NOTE : BLS projecti on i s  for 1985 ; NSF projecti on i s  for JqR7 .  

SOURCE : For BLS proj ection , Braddock ( 1 978)  
For NSF proj ecti on ,  NSF ( 1 979 )  
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students of differing abil ity to changing employment opportunities 

is lacking , so it is diff icult to know how serious thi s  potential 

worry i s . 

F ield-Specific Analyses 

Forecasting the market for faculty in specific fields is more 

difficult than anticipating overal l movements in faculty demand .j!/ 

We can be reasonably confident that overall science and engineering 

enrol lments wi ll be shaped in s ignificant measure by demographic 

trends , and that overal l staffing levels are linked to overal l  

enrol lment trends . But it is not at all c lear that the distribution 

of maj ors and course selections among fields of science and 

engineering wil l  be stable over t ime r  nor is it clear that the 

l inkage between undergraduate enrol lment levels and staff ing levels 

is as tight within individual fields of science and engineering as 

it is overal l .  The avai labil ity of R & D support within academia 

al so varies among fields . One maj or theme of our Workshop on 

Forecasting was the desirabil ity of good projection work at the 

field and sub-field level , and the inadequacy of existing ef forts at 

f ield-specific forecasting . 

Most available proj ections of enrollment demand by field rely 

on proj ections of past trends in enrollment , sometimes adj usted in 

more or less ad hoc ways to make the results seem plaus ible . Since 

they do not incorporate any theory to explain the trends , they do 

not inspire much conf idence . An alternat ive analytical approach has 

1!1 It is necessary to acknowledge the poss ibility tnat new 

scientific fields may emerge dur ing the proj ection period , and that 
existing fie lds and sub-fields may be redef ined or even cease to 
exist . This possibil ity has not been taken into account in the 

projection studies under review nor in the following di scuss ion . 
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been developed , principa l ly by Richard Freeman , which attempts to 

link unde rgraduate enrol lments by field to market conditions for 

graduates in that f ield . This approach probably makes most sense in 

engineering, where there is a c lear vocational tie to the choice of 

ma j or and a more or less regular cyc le in the employment market . 

But since forecasts based on this approach require proj ecting 

employment markets by field , which is itsel f extremely diff icul t ,  

their practical effect ivenes s  is a l so rather l imited in most areas . 

So , despite thei r  l imitations , enrol lment projections based on 

extrapolation of past trends are about all we have to go on at the 

f ield specific level . National Center for Education Statistics 

proj ections ( NCES , 1 979 ) of bachelor ' s  degrees by broad field of 

science and engineering , which may be taken as a rough index of 

enrol lment trends , are displayed in Figure 6. These trends show an 

increasing share of bachelor ' s  degrees being awarded in life 

sciences and engineering , a decreasing share in social science s , and 

little change in the share of mathematics and the physical sc iences . 

These trends are an imperfect indicator of instructional demand by 

f ield, s ince in fields l ike mathematics with large " service cour se" 

loads the demand for instruction is not close ly linked to the number 

of maj ors . Ideal ly one woul d  want measures and projections of 

credit hours , but these are not systematical ly collected by field . 

The proj ections in Figure 6 appear to be roughly consistent with the 

proj ections of trends in baccalaureate degrees used by NSF in 

forecasting faculty demand by field .�/ 

� NSF l inks staffing level s  in the physical and l ife 
sciences to total science and engineering baccalaureates ,  exc luding 

social sciences , " to re flect the service function performed by 

faculty in the se two fields from students maj oring in other 
science/engineering fields . "  (NSF ,  1 979 � P •  80 ) NSF uses NCES 
baccalaureate data , but does its own proJ ections . 
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FIGURE 6 Projected Baccalaureate Degrees, as Fracti on of 1 976-77 Value, 1 976-77 to 1 986-87. 
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The data presented earl ier in this chapter on faculty age 

distribution ( Table 3 and Fiqure 4 )  and on the overall supply-demand 

balance by field ( Table 6 ) can be combined wi th these proj ected 

trends in enrol lment shares to provide a summary of expected 

developments by broad field of science . 

Life Sciences 

Currently , the proportion of young faculty in the life sciences 

is relatively high ( 3 5\ in 1 97 7 ) , re flecting the continued expans ion 

of the fiel d .  Expected retirements , while below the steady-state 

leve l ,  are at a higher rate than in some f ields in the physica l 

sciences . And trends in enrol lment demand are relatively favorable . 

Present indications are , then , that the life science s may face a 

less severe shortage of young faculty than some other fields . If , 

however , the life science s '  share of undergraduate enrol lments fail s  

t o  rise , and if research-produc ing universities suffer decl ining 

enrol lments overall as a result of demographic forces , the picture 

in the life sc iences could worsen significantly by the end of the 

decade . 

Despite this relatively optimistic picture both NSF and BLS 

still predict a s igni ficant excess supply of candidate s for jobs 

traditional ly requiring a Ph . D . in the life sc iences by the 

mid-80 ' s . Thi s  conc lus ion is corroborated by the proj ection made 

for the life sciences by the National Research Counci l ' s  COmmittee 

on a Study of National Needs for Biomedical and Behavioral Research 

Personnel . A special problem wh ich seems to face the life sc iences 

has also been highl ighted by that committee . This i s  the concern 

that the large pool of postdoctoral appointees in that f ield may 

contain s igni ficant numbers of quali fied personnel who are unable to 
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obtain permanent research positions ( Coggeshall , Nowe l l , Bogorad , 

and Bock , 1 9 78 ) . This situation is being close ly monitored by that 

committee . 

One factor contributing to the relatively large proportion of 

young faculty in the life sc iences is the existence of severa l 

programs in N I H ,  including the Research Career Development Awards 

program , which aid in the support of young facul ty . 

The Physical Sciences 

Faculty in phys ics , astronomy , and chemistry , which expanded 

greatly two and three decade s  ago , have grown slowly since then , and 

slow growth is proj ected to continue . As a resul t ,  the proportion 

of recent Ph . D . ' s  on physics and chemistry faculties is already low 

( 2 0\ in 1 97 7 ) and i s  expected to fal l further . The situation is 

worsened by low retirement rate s , especially in physics . Exits of 

tenured facul ty to non-academic positions can be expected to ease 

the hiring situation to some degree , especially in some areas of 

chemistry whe re non-academic alternatives are abundant , but there 

are also important subf ields - particularly in phys ics - where 

relief cannot be antic ipated from this source . 

Lee Grodzins has carefully documented the s ituation in phys ics 

through the use of detailed information from individual departments . 

His results strongly support the conc lusion that even i f  slow growth 

continues in the total size of physics and astronomy facultie s , 

gradual aging of the faculty will continue and the proportion of 

recent Ph . D . ' s  wi l l  continue to fal l . A s impl e proj ection model he 

developed indicates that the proportion of non-tenured faculty could 
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become as l ittle as 1 0\ by 1 990 , and that promotion rates are also 

likely to drop cons iderably ( Grodzins ,  1 979c ) . 

Although separate projections have not been made for the earth 

sciences , those di sciplines seem like ly to fare s igni f icantly better 

through the 80 ' s .  They have a relatively favorable present 

proportion of young faculty ( 3 0\ in 1 97 7 ) and a relat ively favorable 

retirement picture . Academic and non-academic demand for Ph . D . ' s  in 

many earth sciences fields also seems likely to remain strong 

because of the energy problem . 

The supply-demand situation for physical sciences Ph . D . ' s  as a 

whole is proj ected by both the BLS and the NSF to be one of moderate 

surplus by the mid- 1 980 ' s , despite s ubstantial recent reductions in 

the rate of production of physical sciences Ph . D . ' s . 

Mathematics 

This field i s  proj ected to have a serious shortage of positions 

for young faculty in the 1 980 ' s ,  although some sub-fields including 

computer sciences may experience rapid growth . The current 

proportion of recent Ph . D . ' s  on mathematics faculties is relative ly 

high ( 3 5\ in 1 97 3 ) but has been fal l ing rapidly , and anticipated 

reti rements over the next decade are lower as a percentage of tota l 

doctoral faculty than in any other f ield of sc ience and engineering . 

A larger proportion of Ph . D . mathematicians is employed in academia 

than i s  true of any science and engineering field outs ide the social 

sciences , implyi ng a relative lack of non-academic alternatives 

( although movement into non-academic employment has increased 

recently among mathematicians . )  For all these reasons , as Richard 

Anderson ( 1 979 ) has argued , mathematics is l i kely to suffer 

particularly from a shortage of tenured openings for at least the 

next decade . 

-47-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


Consistently with these facts , both BLS and NSF project 

signi f icant non-traditional employment of Ph . D .  mathematicians by 

the mid- 1 980 ' s . 

Social Sciences and Psychology 

The picture for these discipl ines is mixed . While the current 

proport ion of young faculty ( 45\ in 1 97 7 ) is higher than in most 

science and engineering disc ipl ine s , and the retirement picture is 

less unfavorable than in some other f ields , proj ected enrollment 

trends are re latively unfavorable to the social sc iences . While 

these fie lds are not likely to experience a severe shortage of 

openings for new faculty in the immediate future , they may prove 

quite vulnerable later in the decade , as the effects of the 

demographic trends come to be felt more strongly .  

Experience i s  l i kely to dif fer markedly among the individual 

social science disc ipl ines . The market for psychologists and 

economists has been relat ive ly strong, partly because non-academic 

a lternatives in those disc ipl ines are good . Markets in other social 

science di scipline s  have been weaker , and in many of them fewer 

non-academic pos itions are available . 

The aggregate picture for the social science s , according to 

both BLS and NSF , is one of substantial excess supply of candidates 

for j obs traditionally requi ring the Ph . D . 

Enqineerinq 

The project ion methods employed in most studies of the market 

for Ph . D . ' s  are probably l east appropriate for engineering . The 

bul k of employment at the Ph . D .  level is outs ide of academia , so 

that the heavy emphas i s  on enrol lment demographics as a principal 
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determinant of demand for Ph . D . ' s  i s  not warranted . Furthermore , 

wide market-in fluenced swings in undergraduate science and 

engineering enrol lments render demographics of doubtful usefulness 

even in proj ecting the academic demand for Ph . D . engineers .  

The aggregate supply-demand projections for engineers prepared 

by NSF and BLS dif fer widely , which is perhaps a re flection of the 

l imited use fulness of current proj ection methods for engineering . 

The data on retirements do suggest that few new academic positions 

wi l l  open from this source in the near future .  However , given the 

wide and rapid swinqs in both academic and non-academic demand for 

Ph . D .  engineers -- and the wide differences between engineering sub

fields -- the usefulness of these retirement data as an index of 

future employment possibil ities is probably less in engineering than 

in other fields . As we note in chapter v ,  further study is needed 

to understand better the forces influenc ing the hiring of research 

faculty in engineering . 

Conclusions 

The qualifications to the bas ic argument and the compl ications 

surrounding the situation in specific f ields are important , but they 

must not be allowed to obscure the basic message of this chapter : 

enrol lment growth is essential ly over , and demands for new facul ty 

are going to fall . In some fiel ds , hiring has already been below 

steady-state levels for some time r in others , hiring rates below 

steady-state levels are very l i kely to develop . Some fields of 

science and engineering wi l l  experience less signif icant drops than 

others , some fields -- certainly some s ub-fields -- may be able to 

continue to hire at rates greater than steady-state rates throughout 

the 1 980 ' s . The exac t magnitude of the drop to be expected in any 
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f ield depends on a number of considerations which cannot be forecast 

with precis ion , there fore it is possible to be more confident of the 

direction of change than of its magnitude . Close monitoring o f  

developments in specific f ields is called f o r  t o  keep track of these 

trends as they develop . 

The signif icance for publ ic policy of the reduction in new 

faculty hiring rates remains to be considered . Certainly it po ses a 

signif icant employment probl em for young Ph . D . ' s . Probably it 

presents a s igni ficant administrative problem for universities .  But 

does it pose a threat to the vitality of the American science and 

engineering research enterprise? We turn to that question in 

chapter I I I . 
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CHAPTER I II • THE ROLE OF YOUNG FACULTY IN 
THE VITALITY OF SCIENCE 

The previous chapter concluded that there wi ll be a s ignificant 

decline in the rates at whi ch young investigators in science and 

engineering wil l  be hired into universities , and that this decline 

will  continue wel l  i nto the 1 990 ' s .  

In this chapter we assess the impl ications of these trends for 

the effectiveness of the American research and development ef fort . 

We consider f irst the impl ications of a constricted flow of new 

Ph . D . ' s into faculty positions for the vitality of university 

science , and then the consequences for the overall research effort 

of a potential decline in the effect ivenes s  of academic research . 

Our conclusion i s  that young researchers are indeed of great 

importance to the effective functioning of university science , not 

because of higher productivity associated with youth per !!' but 

because there are certain roles and tasks in the university research 

process which young s� ientists are especially l ikely to perform . 

The special relation of young faculty to innovation in research 

topics and to the spread and implantation of new ideas and 

techniques are crucial to the academic research ef fort , and that 

e f fort in turn , as we argue later in the chapter , is essential to 

the overall health of science and engineering . 

Extensive quantitative evidence to support our analysis is 

lacking. There are in the first place well known probl ems with 

measuring science productivity and especial ly the quality of 

research contributions . Furthermore , our be lief is  that a steady 

inf lux of young people is important largely because of its impact on 

the vitality of the research environment of the department and 
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research team , and not s imply because of hiqh individual 

productivity of younq researchers .  In fact , such evidence as exists 

on the dependence upon aqe of individual productivity in academic 

research suqqests that productivity has peaks and valleys which are 

larqer than any systematic late career drop ( at most 25, ) .1/ There 

are few if any socioloqical studies des iqned to capture the 

interactive effects which we believe are cruc ial . 

Fortunately , while we have found existinq quantitative studies 

to be of limited relevance , the COmmittee has been able to rely 

instead on the experience and j udqment of its members and on their 

broad understandinq of the academic research process in assessinq 

the role and contributions of younq faculty . We have been fortunate 

as wel l to have the benefit of responses to inquiries made by this 

committee to the professional societies in various fields of science 

and enqineerinq concerninq the role of younq investiqators .�/ And 

we have also relied on available published analyses on the role of 

younq people in science research performance and on the role of 

academic science in the overall research ef fort . 

Young Faculty Researchers and the Vitality of Academic Science 

While qraduate students ,  postdoctoral fellows and as sociates 

and non-faculty doctoral research staff all make substantial 

contributions to the research ef fort in academia , it is  the faculty 

who serve as the core of the research enterprise . It is they who 

carry the principal respons ibi lity for initiatinq new research 

11 A survey of the literature relatinq aqe to scienti fic 
productivity appears in Appendix c .  

� A copy o f  the letter that was sent to 4 4  corporations and 

profess ional societies appears in Appendix A .  
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programs , for obtaining funds and coordinating research proj ects , 

for disseminating research results through the profess ional 

j ournals ,  and for developing new courses and in other ways improving 

the undergraduate and graduate curricula . A serious impairment of 

the flow of qualified doctoral scientists and engineers into faculty 

positions at research universities would , we believe , seriously 

damage the vitality of both the research and the instructional 

components of the academic enterprise � 

The "young faculty researchers" on whom we shall focus are 

typically assistant professors in tenure track positions who perform 

signi ficant amounts of research . At research universities such 

people are expected as a part of their normal activities to initiate 

a program of research , to obtain funds for it , and to develop and 

publish significant new research results . The normal process of 

tenure review involves an evaluation of their creativity , their 

contributions to knowledge , and their potential for future 

productivity . It is from the group who are promoted to tenure that 

the leading academic scientists and researchers come . The 

considerations described below argue for ensuring a steady flow of 

such persons into academic careers ; we know of no other way to serve 

the purpose they do . 

Encouraging Innovation in Academic Departments 

One very important function of these young researchers is to 

provide new starts on scientif ic research proj ects in their 

departments . This function is well built into their j obs as 

assistant professors , which involve expectations of innovative 

research effort . As the head of a maj or industrial research center 

observed in a letter to this committee , • young researchers of 
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necessity • • • look for new areas to open up , new fields with which 

they can be identifi ed and hence establi sh themselves in the 

academic community . " The continuing introduction of new 

perspectives , new approaches and new directions of research and 

teaching into academic departments is , we believe , essential in 

keeping departments current , exciting and vital as centers of 

research activity . The performance of thi s  function is  by no means 

uniquely associated with youth as such . The movement of more 

established faculty among departments and the phenomenon of older 

faculty reorienting their research interests cannot be neglected . 

But the hiring of young faculty has traditional ly been a maj or 

source of such renewal in departments .  Evidence that thi s  function 

is highly valued in academia can be found in the vigorous search 

many universities have undertaken to find ways internally to ease 

the problem of increasing percentages of faculty on tenure which 

limits their flexibility and sti fles innovation in departments ( see 

Furniss , 1 97 3 ;  Hopkins and Bienenstock ,  1975 ) . 

This potential threat to research vitality parallels another 

reported by Smith and Karlesky ( 1 977 ) -- pressures toward 

conservatism in research proj ect choice . Tight funding and shorter 

terms for research grants ( reduced from , say , 3-5 years to 1 -2 

years ) result in pressure on scientists to undertake low-risk 

short-term research proj ects . In their survey of selected graduate 

departments , Smith and Karlesky reported that investigators whom 

they interviewed in al l science f ields " voiced concerns during our 

site vis its that they and their colleagues were beginning to ' play 

it safe ' in this generally more austere funding environment , 

sticking to established lines of inquiry and taking fewer chances on 
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novel and potentially high-payoff investigations that could fail"  

(p .  8 5 ) .  This approach to conducting scientif ic inquiry does not 

lead to thoughtful , creative , and innovative research , especially 

because groundbreaking work is often accomplished over a number of 

years . All investigators ,  senior or young , are subject to the 

pressures that result from short-term funding practices .  

Conservatism i n  research proj ect choice can spread over into 

personnel choices . In their report to the Carnegie Counc il on 

Policy Studies in Higher Education ( 1 978 ) Radner and Kuh state : 

When fewer and fewer people can be hired , 
the predictors of creat ive and lasting 
scholarship chosen are likely to become more 
and more conservative . The young Ph . D .  who has 
two published articles in addition to his 
thesis is likely to be chosen over the young 
Ph . D .  who has an interesting area of research 
with a longer gestation period . ' Mistakes ' , 
after al l ,  are much more costly when they can 
be spread over fewer people . ( p . 3 )  

Such developments may reinforce the potential tendency toward 

stagnation inherent in reductions in numbers of new appointments . 

Fostering Introduction of New Techniques and Methodologies 

In some fields young faculty also per form an important function 

in introducing their departments to new techniques and 

methodologies , both through research practices and classroom 

instruction . In the social sciences , for example ,  quantitative 

techniques have developed rapidly in the post-World War I I  period . 

Each successive generation of new graduate students has been trained 

in ever more sophisticated quantitative techniques . The continued 

inf lux of these successive generations into faculty positions has 

helped to spread knowledge and use of these techniques beyond the 

relatively small number of graduate institutions where many of them 
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were first developed , and has served as well as a way of introducinq 

older faculty to the new techniques as they emerqe .  The Committee 

has noted the widespread role played by younq faculty in the 

introduction of computer techniques to the physical and bioloqical 

as wel l  as the social sciences . Examples abound as well of new 

assistant professors brinqinq powerful new technoloqies like those 

involved in qenetic enqineerinq and DNA sequencinq to their 

departments , and of their central role in applyinq ultrasensitive 

analytical tools such as new spectroscopic and chromatoqraphic 

techniques for the solution of outstandinq problems .  A reasonably 

smooth flow of new faculty may also be important , in the context of 

rapidly evolvinq methodoloqy , in helpinq the profession to 

assimilate new techniques and incorporate them with maximum 

effectiveness into the larqer aims and concerns of the discipline .lf 

Motivation and Enthusiasm for Research 

Several other benefits flow from the fact that younq scientists 

have j ust received their traininq . . They are often intensely 

involved in research at the frontiers of their discipline and have a 

stronq motivation and incentive to push ahead to new contributions . 

The American Geoloqical Institute and the American Institute of 

Industrial Enqineers have said in their letters to this committee 

that the more recent qraduates have traininq that is 

lf Thus Benj amin Ward ( 1 972 ) has arqued that the ass imilation 
of mathematical techniques into effective policy-oriented research 
in economics after World War I I  was impaired by the sharp break 
between the pre-War "Old Guard" and the post-war "Younq Turks . "  
Members of the intermediate qroups , Ward arques , were diverted by 
war work and thus failed to play the role of inteqratinq the 
technical virtuosity of the new qeneration with the broader 
understandinqs of the old . 
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multidisciplinary . They are therefore able to study more complex 

problems than older investigators ,  whose training in these fields 

was more typically oriented toward a single discipline . Also , the 

lack of commitment to established lines of thought associated with a 

young mind may open young researchers up to possibilities more 

experienced scientists would reject out of hand . Nobel Laureate 

Chen Ning Yang has said , " [ a) s you get older , you get less daring.  

You have seen so  much - therefore , for every new thought you have , 

you immediately marshal a large number of counter-arguments , " 

( quoted in Pelz and Andrews , 1 966 , p. 1 97 ) .  

Older scientists view young researchers as adding enthusiasm, 

competition , and daring to research teams . An industrial researcher 

wrote to the committee that " the unique contributions of young 

investigators are unbiased attitude , vitality and desire for 

recognition which adds l ife to the research team . " And the 

pres ident of a scientif ic society commented , "an influx of young 

people is important both for the new knowledge and insight they 

bring, and also because they enliven the interpersonal relationships 

which we all know ( but rarely acknowledge ) are important to the 

productivity of a research group . " 

Ensuring Continuity Across Generations 

Another set of reasons for ensuring an adequate number of 

positions for young faculty members relates more closely to the 

concept of  " continuity . "  As each generation of students moves 

through the academic career cyc le , they serve at each stage as 

examples , guides and mentors to the generation to follow . At the 

extreme , a "missing generation" of young faculty in the next decade 
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would mean an absence of successful role models and mentors for the 

succeedinq qeneration of qraduate students and younq faculty . ( See 

Zuckerman and Merton , 1 9 7 3 , on the role of mentors . )  It would also 

lead to a distinct qap in the aqe structure of leadinq scientists 

and academic science administrators in later years . Such a qap would 

tend to impair leadership and communication across qenerations of 

research performers . 

Preservinq and Extendinq Proqress in the Participation of Women 
and Minorities in Academic Science and Enqineerinq 

A sharp reduction in the rate of hirinq of new Ph . D .  faculty 

miqht pose a serious threat to continuation of the proqress that has 

recently been made in expandinq the participation of women and 

minorities on science and enqineerinq faculties . 

only a small minority of doctoral scientists and enqineers are 

women , and they are further underrepresented in proportion to their 

numbers in tenured university positions . Althouqh the professional 

opportunities for female scientists have expanded considerably in 

recent years , with the qreatest qains in those hiqhly ranked 

universities which have traditionally employed the fewest women , sex 

differences persist in rank and tenure status and in salaries ( NRC , 

1 979 ) . In the 25 larqest institutions in terms of research and 

development expenditures ,  for example , almost two-thirds of all male 

science and enqineerinq faculty are associate or ful l professors 

whereas fewer than one-fourth of the female faculty are ( NRC , 1 97 9 ,  

P •  60 ) .  Across al l institutions , women science and enqineerinq 

faculty are substantially less likely than men to hold tenured 

appointments within each rank ( NRC ,  1 9 79 ,  P• xiv ) . 

Anticipated contractions in the academic job market could 

eliminate most of the qains women sc ientists have made durinq the 
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past decade . Because increases in numbers and employment of female 

doctoral scientists are recent phenomena , for the next several years 

women will continue to be concentrated in non-faculty postdoctoral 

positions and non-tenured j unior ranks . Hence , as a group , women 

scientists are particularly vulnerable to cuts in tenure track 

positions resulting from projected enrollment declines and tenure 

overload . The numbers of women in most scientific fields are so 

small that even if reductions affect the sexes proportionately ( that 

is , if no discrimination against women occurs in hiring and 

promotion ) ,  projected declines in the number of tenure track 

positions could result in the loss of a whole generation of female 

scientists . In view of the small number of women already holding 

tenured positions in maj or research departments , this woul d mean 

that the contexts in which most scientific research is conducted 

would again be almost completely segregated by sex , with few women 

teaching graduate students or holding positions in which they can 

develop and carry out their own research proqrams . 

In addition to our concern with equity , we wish to ensure that 

both male and female graduate and undergraduate students have an 

opportunity to learn from and work with active researchers of both 

sexes .  Evidence suggests the importance of female role models for 

women students in professional training , and students of both sexes 

need examples of collegial relations between equal-status female and 

male scientists ( Gilford and Snyder , 1 977 ) . 

Although the situation of minorities differs from that of women 

in important respects , a sharp decline in new hiring wi ll  also make 

it more difficult to achieve university affirmative action goals for 

minorities .  The present underrepresentation o f  minorities in 
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science and enqineerinq has been well documented : in 1 97 5  less than 

2\ of doctoral scientists and enqineers were non-Asian native born 

minorities ( Gilford and Snyder , 1 9 77 ) 1  the same qroup accounted for 

approximately 1 2\ of the u . s .  adult population ( aqe qreater than 

1 8 ) . A principal source of difficulty in increasinq these 

proportions has been the low rate of production of minority Ph . D . ' s , 

even thouqh academic employment opportunities for qualified minority 

Ph . D . ' s  are stronq ( Gilford and Snyder , 1 97 7 ) .  It is important in 

encouraqinq the production of minority Ph . D . ' s  to ensure that 

readily perce ived j ob opportunities for minority Ph . D . researchers 

are available . As with women , a substantial slowdown in the openinq 

of new academic positions is likely ultimately to slow the rate at 

which minority qroup representation in academia is increased .!/ 

Continued proqress in these areas is important to science and 

to society . The possible neqative impact on affirmative action 

qoals ,  if somethinq is not done , thus provides an additional reason 

for action to avert reductions in the hirinq of younq faculty at 

research universities . 

Attracting High Quality Students to Academic Careers 

As was noted in chapter I I ,  a serious constriction in the 

number of new reqular faculty positions may siqnificantly discouraqe 

able younq people from choosinq an academic career in science and 

enqineerinq . Even if , as seems l ikely , the academic j ob prospects 

of the best younq minds deteriorate less than those of other job 

candidates ,  it is also true that these able people have the best 

!/ Hopkins ( 1 974 ) analyzes the effect of chanqes in hirinq 
rates of women and minorities on their lonq-term representation on 
university faculties . 

-64-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


non-academic alternatives . Furthermore , the effects of adverse 

publicity about job prospects may lead to a stronger reaction away 

from academia than the facts warrant . 

As we noted in chapter I I ,  empirical evidence bearing on the 

existence and strength of any such reaction is lacking . However ,  

major sustained progress and major innovations in basic research are 

extraordinarily dependent on the contributions of a small number of 

unusually talented people . If academic science and engineering 

should lose the cream of a generation because of a perceived lack of 

jobs for them, the impact on research vitality would be 

unmistakable . 

A Note on Non-Faculty Researchers 

The above discussion has been concerned with the flow of young 

scientists and engineers into faculty positions in universities . As 

we noted , however , important contributions to research are also made 

by doctoral scholars in postdoctoral and other non-faculty research 

positions in universities . Postdoctoral associates are extremely 

important to the research ef fort in those scientific disciplines 

which rely on complex equipment , where they have come to serve as an 

integral part of research teams . They give day-to-day instruction 

to graduate students involved in a research proj ect , they conduct 

experiments and often des iqn new ones using available equipment ,  and 

they obtain valuable training themselves in the conduct of research . 

But they cannot , as holders of temporary positions generally lacking 

independent investigator status , be expected to substitute for a 

flow of new faculty in performing the functions described above , 

particularly those of initiating research efforts in new areas and 

ensuring continuity across generations in research performance . An 
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important policy implication is that simply expanding the number of 

temporary postdoctoral positions available is not by itself an 

effective response to the vital ity problem ,  despite the important 

contributions made by postdoctoral associates . 

Similar comments apply to the non-faculty doctoral research 

staff -- "those scientists and engineers who are neither 

postdoctoral appointees nor members of the faculty and who are 

primarily engaged in research . "�/ This group , which has been 

growing very rapidly at some universities and in some disciplines , 

is capable of contributing very effectively to the research ef fort . 

Present institutional arrangements , however ,  imply that non-faculty 

researchers generally contribute to the technical execution of a 

senior faculty member ' s  research proj ect , often over an extended 

period of time . They do not typically compete for funding at the 

national level .!/ Non- faculty researchers are not generally 

evaluated with the same scrutiny as faculty , either when hired or 

afterwards . Typically they have less j ob security than regular 

faculty members and their long term career prospects seem 

doubtful .l/ This situation is in part a consequence of the present 

short-term pattern of research funding by federal agencies , which 

makes it very difficult for universities to provide persons 

supported on research grants with the same degree of commitment and 

�/ NRC ( 1 978 ) , P• iii . This report includes an extensive 
description and analysis of this group . 

�/ A recent survey of departments in biomedical research 
fields showed that less than one-fifth of their non-tenure track 
personnel had applied for federal research funding over the three 
year period 1 9 74-7 7 ,  and that only 1 1 \ had rece ived federal funds 
during that period . Gomberg and Atelsek , 1 978 . 

2/ See NRC ( 1 978 ) , PP• 54-6 1 . 
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j ob security accorded the regular faculty . Thus , as things stand 

now , we cannot look to this group to perform the important functions 

traditional ly assoc iated with younger faculty . 

OVer time , f unding practices and university institutiona l 

arrangements may wel l  evolve in ways which wi l l  enhance the 

opportunities of non-faculty researchers to make independent 

contributions to the research effort . Longer term and more stable 

federal research funding would certainly he lp in that regard . 

Universities and policy-makers concerned with fostering this 

evolutionary proces s  may be able to learn from the example of some 

American univers ities which have been working to redefine and 

improve the status of the non-faculty group ,  as we ll as from 

experience at some European institutions , including the Centre 

National pour la Recherche Scienti f ique in France . The Committee on 

Postdoctoral and Non-Faculty Doctoral Research Staff of the Nationa l 

Research Counc il is presently engaged in a study of non-faculty 

researchers , and their ana lysis and recommendations wi ll be worthy 

of c lose attention . 

Summary · of Young Faculty Roles 

While we have pointed to a number of factors relating the flow 

of young researchers to research vital ity , we have put l ittle 

emphasis in our analys is on the premise that young researchers are , 

as a class , uniquely creative or productive . In our view , a steady 

flow of " new blood" and in part " young blood" into academi c 

departments is important in large part because of its impact on the 

overal l research environment of the department and on the 

maintenance of a generational mix conduc ive to good communication 
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and the moat effective motivation of successive cohorts of 

independent investigators .  Some o f  the ef fects we have pointed to 

are subtle and indirect . They have not for the moat part been 

quantified in the existing literature on sociology of science -- and 

perhaps some of them cannot be in the present state of the art .!/ 

We believe f urther research on these questions to be highly 

desirable . But in the absence of definitive research , we have baaed 

our analysis on our experience and understanding of the functioning 

of the academic research system and on the testimony of other 

experienced observers . That experience leads us to believe that the 

vital ity of academic science would be seriously impaired by sharp 

restrictions on the hiring of new faculty . 

Criteria of Adequacy in Rates of Hiring of Young Faculty 

What rate of hiring , or what proport ion or number of young 

faculty , is " enough" to ensure vital ity and continuity in an 

academic field? While we feel conf ident in asserting that " too low" 

a rate of new hires can be damaging to research vital ity , we have no 

formula for determining an optimal faculty age distribution or a 

precise threshold below which harmful effects set in . 

Nevertheless , we beli eve some useful things can be said . One 

useful criterion of " normality" in the hiring of young faculty 

situation is the compari son to a steady-state equilibrium with a 

constant facul ty size and unchanging age distribution . calculations 

from several dif ferent speci fications of such a model suggest that a 

young faculty proportion of 25\ to 3 3\ ( with a young faculty member 

def ined as one within seven years of the Ph . D . ) can be cons idered 

!/ See Appendix C for further discuss ion . 

-68-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


normal .!/ A dif ferent way of establishing a notion of a " norma l "  

proportion of young faculty is through surveying department chairmen 

about what they consider to be a des irable proportion . A recent 

survey of department chairmen at selected departments in various 

science and engineering fields led to estimates of desirable 

percentages of young faculty ranging from 26\ in botany to 37\ in 

sociology , with the estimates for most fields clustering closely 

around 30\ as a des irable or normal percentage of young faculty 

( Atelsek and Gomberg ,  1 97 9 ,  p. 7 ) .  

Much of the analysis above emphas i zed the importance not j ust 

of an adequate proportion of young faculty but even more of a 

reasonably steady flow of new hiring . This i s  important in 

maintaining a steady flow o f  new research starts into departments , 

in encouraging good quality among the new faculty h ired , and in 

preserving continuity . Steady-state models , a llowing for 

s ignif icant attrition of young faculty at the time of the tenure 

decision , i ndicate that an annual rate of hiring of new Ph . D . ' s  on 

the order of 5\ to 7\ of the total faculty is consistent with 

equilibrium .  

I t  should be noted that the problem as we have analyzed i t  i s  

one that occurs i n  specific departments , not i n  a field a s  a whole . 

Appendix E reports data on distributions by rank of faculty in 

selected departments in the fields of mathematic s , physics , 

chemistry , and psychology . It is clear from the data that a number 

!/ Variation between 2 5\ and 33\ results as assumptions about 
the parameters of the steady-state model change ( e . g . promotion and 

attrition rates ) .  It is also true that the steady-state proport ion 
of faculty within seven years of their Ph . D .  wi ll be lowe r in f ields 

where postdoctoral appointments are common than in other fields . 
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of departments are already c lose to being " tenured in" even as the 

proportion of young faculty in these fields continues to drop . 

The determination that a field is " in trouble" must clearly be 

based on a variety of indicators , inc luding , where possibl e ,  data on 

individual departments . We suggest that the prospect of hiring 

rates and proportions of young faculty substantially below 

steady-s tate level s  for a signif icant period of time is prima facie 

evidence of a problem . A more thorough discussion of indicator s ,  

and a comparison with the present and prospective hiring situation 

by field appears in chapter V in the context of our recommended 

program. 

Importance of University Science for Research and Development 
in the United States 

Having argued that impending developments pose a threat to the 

vital ity of academic science and engineering , we must complete the 

picture by discussing the importance of university science to the 

national research ef fort . The significance of university science 

can be proper ly understood only in the context of its role as a 

vital partner in the overall research and development system of the 

United States , along with industry , national laboratories , research 

institutes ,  governmental intramural laboratories and other 

specialized research centers .  University science i s  beginning a 2 0  

year period of stresses associated with the possible loss of the 

important contributions of young faculty researchers and a longer 

term stress with a possible loss of continuity through the loss of a 

cohort in the teaching and conduct of science . This , coupled with 

other potential productivity problems discussed in recent reports on 

the health of science ( National Science Foundation Advisory Council , 
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1 978; Smith and Kar lesky , 1978 ) underl ies the committee ' s concern 

for the future vitality of university science , and in turn for 

continuity in level of performance for the u . s .  research and 

development system as a whole . 

Within our system , universities have had a special historic 

responsibility for carrying out fundamental research at the 

f rontiers of science , and for teaching the succeeding generations of 

scientists and engineers .  ( For an ef fect ive discuss ion , see Wo lfle , 

1 972 . ) The role of the university in supplying the doctoral 

scientists and engineers needed for employment throughout the 

research and development system is obvious and centra l . The 

importance to this educational ef fort of the maintenance of a vita l  

research atmosphere is wide�y recognized . 

The university ' s  commitment to the per formance of basic 

research is also strong , and so is its record of contributions . The 

National Science Foundation recently compiled a list of 85 

s ignif icant advances over the last 20 years in four f ie lds 

( mathematics , chemistry , astronomy , and the earth sciences ) .  

University sc ientists were found to have been responsible for over 

70\ of these innovations ( National Science Board , 1 977 ) . 

Many of the nation ' s  most distinguished sc ientists , including 

most Nobel Pri ze winners and National Academy of Science s members , 

are associated with universities . The capacity of the leading 

universities to contribute to bas ic research also res ults in part 

f rom their possession of some of the nation ' s best l ibraries , 

computers , and scientific equipment . But universities are major 

centers of basic research not only because of their excel lent 

research personne l and physical fac i l ities , but because they provide 
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a uniquely appropriate environment for bas ic research . The 

univers ity , through its reward system and the freedom it provide s , 

a l lows its faculty to conduct research in ways that are difficult to 

replicate outs ide of academia . The criteria for promotion in 

academia emphasize creativity , novelty , and wi despread dissemination 

of research findings . The university environment fosters 

uninhibited que stioning of prevalent dogma , encourages free 

express ion of ideas , and tolerates error as an unavoidable feature 

of l earning . The university has a distinctive and we ll developed 

communication system ranging from formal lectures and s eminars to 

casual discus s ions among the students . Departmental col loquia and 

frequent contacts with vis i tors help keep un iversity re searchers 

abreast of current developments in their f ields . More important ly , 

this constant exchange of ideas provokes the di scuss ion , exc itement 

and controversy that lead to new directions . The educationa l 

function further provides constant and needed revi ew and eva luation 

of existing knowl edge . More than one research proj ect has been 

siqnif icantly advanced by a st udent asking an important new 

que stion . 

Although most of the nation ' s  bas ic research is per formed on 

the un iversity campuses , only about 52\ of total national 

expenditures for bas ic research are attributed to work per formed at 

universities and col leges ( see Table 7 ) .  Including expenditures for 

bas ic research at federally f unded research and deve lopment centers 

( FFRDC ' s )  assoc iated with un iversities , the f igure rises to 59\ . 

Both f igures understate the un iversity ' s  role because research at 

universities is subs idized as part of their educationa l role . 

other members of the R & D system provide an essential and 

complementary role to the university ' s  basic research interests . 
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Y e a r  

1 9 6 8  
1 9 6 9 
1 9 7 0  
1 9 7 1  
1 ') 7 2 
1 9 7 3  
1 9 74 
1 9 7 5 
1 9 7 6  

Tab l e 7 

PERCENTAGES OF BAS I C  RESEARCH SPEN D I NG 

BY PERFORMER , 1 968- 1 978 

Fed e ra l 
Go ve rnment I nd us try 

1 2  • 5'7o 1 9 . 6! 
1 5 . 1  1 8 . 0  
1 5 . 4  1 7 . 1 
1 3 . 7  1 6 . 5  
1 4 . 4  1 5 . 8  
1 3 . 8  1 6 . 3 
14 . 7  1 6 . 9  
1 5 . 1  1 5 . 9  
lf, .  7 1 6 . 7  

U n i v e r s i t i e s 
a nd 

Co l l eges 

5 0 . 4% 
5 0 . 0  
5 1 . 1  
5 3 . 5  
5 3 . 9  
5 3 . 0  
5 2  . o  
5 3 . 2  
5 2 . 2  

O t h e r  
A s s o c i a t e d  Nonp ro f i t 

F FRDC ' s I ns t i t u t i o ns 

8 . 4i. 9 . l':'o 
8 . 0  8 . 9  
7 . 7  8 . 7  
7 . 3 9 . 0  
6 . 7  9 . 2  
7 . 7  9 . 2  
6 . 9  9 . 6  
6 . 8  9 . 0  
7 . 4 9 . 0  

1 9 7 7  ( p r e  l im . ) t 5 . q  1 6 . 7  5 1 . 2  7 . 4 8 . 8  
1 9 7 8 ( � s t . )  l b . l  1 6 . 1  5 2 . 3  6 . 8  8 . 6  

Source : Nati onal  Sc ; ence Fou ndati on , Na t i onal  Patterns of  R&D Resou rces , 
1 953- 1 978-79 ( NSF78- 31 3 ) .  

Tabl e 8 

PERCENTAGES OF RESEARCH AtiD DEVELOPMENT 

SPEND I NG BY PERFORMER , 1 968- 1 979 

Fed e ra l 
Y e a r G o v e rnmen t I nd u s t ry 

1 9 68 l l  • .  2 'Y., 7 0  • 8iu 
1 9 6 9 1 3 . 7  7 1 . 4 
1 9 7 0  1 4 . 9  69 . 7  
1 9 7 1  1 5 . 6  68 . 9  
1 9 7 2  1 5 . 8 68 . 8  
1 9 7 3  1 5 . 1 69 . 4  
1 9 7 4 1 4 . 7  69 . 9  
1 9 7 5  1 5 . 3  6 8 . 6  
1 9 7 6 14 . 7  6 9 . 3 
1 9 7 7 ( p re l im . ) 1 4 . 3  6 9 . 7  
1 9 7 8 ( e s t . )  1 3 . 9  7 0 . 3 
1 9 7 9 ( e s t . )  1 3 . 4  7 1 . 2 

U n i ve rs i t i e s  
a nd 

Co l l e ges 

8 . 7% 
8 .  7 
9 . 0  
9 . 4 
9 . 4 
9 . 6  
9 . 2  
9 . 7  
9 . 6  
9 . 5  
9 .  7 
9 . 6  

O t h e r  
A s s o c i a t ed Nonp ro f i t  

F FRDC ' s I ns t i t u t i o n s  

2 . 9% 3 . 3'7. 
2 . 8 3 . 4 
2 . 8 3 . 5 
2 . 7  3 . 4 
2 . 7  3 . 4  
2 . 7  3 . 3  
2 . 6 3 . 6  
2 . 8 3 . 5  
3 . 0 3 . 4  
3 . 2 3 . 3 
2 . 9 3 . 2  
2 . 8 3 . 0  

Sou rce : Nat i onal  Sc i enc e  Fou nda t i on , Na ti ona l Pat tern s of R&D Resources , 
1 9 53- 1 978-79 ( NSF78-3 1 3 ) . 
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Federal intramural laboratories , non-academical ly related FFRDC ' s ,  

and independent research institutes such as the Rand Corporation 

obtain substantial funding either directly from the federal 

government or through contracts with the government . These 

institutions perform basic as we ll as appl ied research . The bulk of 

their federal f unds come from miss ion-oriented agencies such as the 

National Institutes of Health , and the Department of De fense . 

Research centers i nvolved in applied research take the knowledge 

that was generated through bas ic research in their own centers and 

in univers ities , and develop that knowledge to a stage necessary to 

help resolve an issue of national concern -- be it going to the moon 

or controlling disease . 

Industrial funds accounted for an estimated 7 1 . 2\ of research 

and development spending in 1 979  ( see Table 8 )  and yet this spending 

accounted for only 1 6\ of the total national spending in basic 

research ( the rest was for applied research and development ) . 

Industrial spending for basic research has traditional ly been low 

because of the high risks and long pay-back periods involved and 

because of the di ff iculties often involved in protecting a 

proprietary interest in basic research f indings . Indeed , this i s  

part o f  the rationale for federal support o f  basic research efforts 

-- to advance the state of knowledge to the point that it wi ll be 

- useful to industry ( and government ) in planning development efforts . 

This research and development system, with universities 

providing the core of the bas ic research effort in a complex 

research and development system ,  was not consciously planned , but it 

is almost unique to the United States . It allows individual ity and 
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diversity in the conduct of basic research and in the ways in which 

fundamental knowledge is  transferred and developed to meet this 

nation ' s public and pr ivate needs . The linkages between the various 

kinds of research institutions are close and important .  They come 

not only from the widespread publication of scientific information , 

but from the movement of personnel among institution s , and the 

competitive and entrepreneurial aspects of sc ientific research which 

provide incentives for making bold j umps intellectual ly . Anchoring 

basic research in the universities also encourages valuable 

interconnections among f ields of science . Informa l  links among 

scholars in di f ferent fields , as we ll as between academic and 

non-academic researchers , are eas ily arranged . Advances in one field 

often cause striki ng transformations in others . These advances can 

also assist in the development of new basic and applied research 

programs by government laboratories and contractors , i ndustry , and 

universities . 

An extended example wi l l  il lustrate this key point . A complex 

and expens ive instrument called a "nuclear magnetic resonance " ( NMR )  

apparatus i s  a standard item in chemical and biological 

laboratories . Instruments of this kind are mainstays in the 

inventories of many manufacturers and suppliers of scientific 

equipment , they come with varied characteristics , tailored to 

specific industrial processing needs and the less restricted demands 

of researchers . These devices originated from the pioneering 

research in the 1 93 0 ' s of I .  I .  Rabi of Columbia University , who was 

awarded a Nobel Pri ze in physics for measuring a fundamenta l 

property of atomic nuc lei with a technique he invented . His 

technique was extended in the 1 94 0 ' s by two other young physicists , 
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Felix Bloch and Edward M .  Purce l l ,  who shared a Nobel Prize in 1 952 . 

It was soon noticed that the measurement of this property was 

i nf luenced sl ightly by the chemical environment surrounding the 

nucleus . This observation suggested that different chemical 

environments could be distinguished through their effects on a given 

nucleus . For a time , research papers originating from many physics 

laboratories had a chemical emphasis . Soon the scene of action 

passed to chemical laboratories and the instrument manufacturers .  

Next , improvements i n  the reliability o f  the instruments and the 

ease of their operation took them from the " state of the art" 

category to their appearance in manufacturers • catalogs . It was not 

long before they were being used to follow reactions in industrial 

processes and in biological systems . An example of the latter is 

the use of the NMR in identifying the amino acids in the peptide 

i solated from pig and sheep brains ( hypothalamic area ) . This 

peptide , which causes the release of the reproduct ive hormones of 

the pituitary gland , has now been synthesized and is in human 

clinical use r in 1 976 Drs . Guillemin and Schal ly of the u.s.A. 

shared the Nobel Prize in Physiology for this endeavor . The NMR 

story , which is a particularly easy one to trace , demonstrates that 

a development in what at one time was "pure" science in one f ield, 

phys ics , can have far-reaching practical consequences in another 

f ield, biology , through the intervention of chemistry and the 

industrial world, with Nobel prize s  marking contributions at both 

ends of the chain . 

It is not only the materials , techniques , and instruments of 

science that provide cross-discipl inary stimulus .  When an advance 

in one field promises applicabi lity in another , there is usually a 

-76-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


crossing of individuals trained in the first into the second . The 

first generations of scientists in a new discipline have come from 

older ones . This mixing of persons having diverse sc ientific 

backgrounds and a common present interest has been a fruitful source 

of innovations .  

An extensive study of foreign research systems by the 

organization for Economic Co-operation and Development ( OECD , 1 97 2 ) ,  

indicates that our research system with its institutional links i s  

envied by other nations . The partnership between education and 

bas ic research which has developed in the United States has been 

perceived as a highly successful model . This is especia l ly true in 

countries that have separate teaching and bas ic research 

institutions . 

For example ,  be fore 1 949 China had an educational and research 

system that resembled that of the United States . When the People ' s 

Republ ic of China was establ ished , the system was changed to the 

Soviet model with the un iversities under a ministry of education and 

the research institutes under an academy of sciences and 

mission-oriented agencies . The current Chinese system separates 

education from research , and fragments both education and research 

into narrowly defined mission-oriented areas . The Chinese now see 

this system as having created barriers to cros s-fertili zation 

between f ields , and are working to reorganize their research and 

development system on the American model . 

The remarkable effectiveness of this complex American system of 

researph and development would surely be weakened by impairment in 

the vitality of academic sc ience . It is unl ike ly that any maj or 

• slack• that is created by a decl ine in the ef fect iveness of basic 
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research in universities can or should be taken up by expansion in 

the bas ic research ef forts of the federal government or industry . 

The profit constraint inherent in industrial research and the 

mission-orientation which can never be entirely or permanently 

escaped in government-conducted research , impose inherent 

l imitations on the degree of  genuine , uninhibited basic research 

which is l ike ly to be performed in these settings . 

The American science system continues to evolve . There is a 

good like lihood that industry and government will expand their basic 

research ef fort in some areas -- notably in energy related areas - 

in the decades ahead . The future may possibly bring further changes 

in research orientation and structure , such as the development of 

European-style research institutes . We are not opposed to such 

developments , which are being widely debated in the scientific 

community , and whose value in meeting long term national research 

needs must be j udged on the scientific merits . But we see great 

value in the American system in which the university functions 

fundamentally as the home of basic research . Universities also play 

a significant role within this system as producers of appl ied , 

policy-oriented research , parti cularly in the social sciences . And 

so we believe that policy to meet the short-term problems posed by a 

reduction in the number of openings for new faculty should focus on 

preserving the vitality of academic research in science and 

engineeri ng ,  rather than on attempting to transfer the basic 

research function elsewhere . 

Conclusions 

The great strength of the American approach to research and 

development as it has evolved in the post-world War I I  period has 
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been its ability to combine diversity of purpose and ini tiative with 

strong interconnection and interdependence of the elements of the 

system . Thus , each part of the system has been able to flourish and 

play its essential role s ,  while the overall system has contributed 

in an unprecedented way to the economic productivity of the country . 

The principal role of the university has been to foster , as an 

i ntegral component of its overall mission , the provision of basic 

research for the nation . Government and pr ivate industry have also 

contributed to the establishment of basic knowledge and , they , in 

particular , have developed it to meet specific social needs . With 

the university now reaching its l �it of growth within the nation ' s 

economy , special measures may need to be taken to maintain the 

thrust and ·vigor of its basic research effort . Of particul ar 

concern is the problem of declining proportions of young faculty 

researchers that are predicted for the next 20 years during the 

transition to a steady-state . Steps to offset the harmful effects 

of a constriction in the flow of new faculty into research 

universities are vital to the academic research e f fort . Such steps 

must be taken if the universities are to continue as the principal 

source of  fundamental research upon which all other parts of the 

system depend . 
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CHAPTER IV . ALTERNATIVE POLICIES TO PROMOTE RESEARCH VITALITY 

The committee sees the central objectives of policy as the 

preservation of the continuity and vitality of the basic scientific 

research enterprise in  academia . By continuity , we understand the 

maintenance of a sustained , consistent and improving level of 

quality in this research enterprise . Vitality is understood as 

describing the essential effort to generate new ideas and insight in 

established f ields , new solutions of basic problems and discoveries 

of important new phenomena , new techniques of analysis and 

measurement , and the sense of excitement that such achievements 

provide . Cons iderations of quality and vitality in a field of 

science are best evaluated by a peer group of the most able and 

productive inves tigators in that f ield . 

The analysis in chapters I I  and III  has shown that the 

impending abrupt transition from rapid growth to no growth in the 

nation ' s university-based research poses a serious threat to the 

vitality and continuity of academic science and engineering . Steady 

infusion of new faculty has been in the past an essential component 

of the vital ity in academic departments . It is a characteristic way 

in which a department starts and sustains new thrusts in its f i eld 

and by which new ideas and techniques are transferred among academic 

research environments . 

Unless ways are found to ensure a continued flow of young 

scholars into academic pos itions during the trans ition to a 

steady-state -- or unless other ways are found to stimulate the flow 

of new ideas and new research thrusts into academic departments 

academic research in the United States is like ly to suffer serious 

eros ion in the coming decade s .  I n  this chapter we survey brie fly a 
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variety of kinds of policies which might be undertaken in response 

to this problem. 

Federal Awards to Support Faculty Positions in Universities 

Since the principal threat to research vitality in academia 

comes from the impending constriction in the flow of new faculty 

hiring, a straightforward and ef fective response to the problem is a 

federal program to enable research universities to maintain more 

acceptable hiring rates of Ph . D . ' s  into regular faculty pos itions in 

the years ahead . SUch a program might be organi zed in different 

ways . 

One approach would be to make awards in support of salary for a 

period of years on a competitive basis to new or recent Ph . D . ' s , 

with candidacy for the award contingent on the wi llingness of a 

specified university to appoint the award winner to a regular tenure 

track faculty position . The university would be required to provide 

assurances that this federally supported assistant professor 

position was an addition to other hiring that would have been done . 

The principal drawback of this approach lies in its interference 

with the normal university process for selecting assistant 

professors . If NSF mounted such a program ,  it would be baaing ita 

j udgment on a review of relatively untried investigators , and ita 

j udgments might we ll have a s ignif icant impact on university hiring 

decisions , since there would be a substantial f inanc ial bene f it to 

the university in hiring an award winner . 

A second approach ,  which we favor ,  is to make the award to an 

existing faculty member at a university , and to require the 

university to use the salary funds released to hire additional 

faculty . This approach allows the award to be made to investigators 

-84-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


who have had more opportunity to prove themselve s .  At the same 

time , it stimulates the hirinq of new faculty while allowinq the 

university selection process to operate i n  the normal way in 

determininq whom to hire . A properly des iqned program of this kind 

can have a double impact in sustaininq research vital ity : it would 

both enable ( and require ) the un iversity to increase its hirinq of 

new faculty and , at the same time , recoqnize and encouraqe the 

research contribution of the faculty member rece ivinq the award . A 

detailed description of such a proqram is in chapter V below . 

Early Retirement and Career Change Options 

Such proqrams would create new positions for j unior faculty by 

encouraqinq the voluntary exit of more senior people from ful l-t ime 

academic appointments . Proqram alternatives include financial 

incentives for early retirement , arranqements for part-time academic 

employment coupled with receipt of partial retirement bene f its , 

provisions for part-time placements outs ide of academia , and 

subsidized mid-career retraining and relocation opportunities for 

other occupations , both ins ide and outs ide academia . A number of 

these alternatives have been discussed in considerable detail in 

recent publications .1f 

Experience to date with the above schemes has been mixed . Those 

plans which are most attract ive to the faculty member i nvolved tend 

to be least attractive to the institution and vice versa . Those 

plans which would be moderately attractive to both run the risk of 

departure of the most competent and productive older faculty , who 

tend to have the best non-academic alternatives . Programs in this 

11 See Patton ( 1 979 a , b ) , and Furniss ( 1 97 3 ) . 
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arena which contain any hint of compuls ion run the risk of legal 

challenge based on age di scrimination . 

our conclusion is that effective retirement and career change 

programs which can surmount these dif fi culties can only be des igned 

and implemented at the level of the individual institution , with 

careful attention to the peculiar needs and situation of that place . 

We urge universities and colleges to pay serious attention to these 

alternatives , but the direct federal role should for the present be 

limited to disseminating information about program alternatives .  

Policies to Maintain the Vitality of Existing Faculty 

As expansion of faculty size comes to be less available as a 

means of stimulating innovation and renewal in academic research , 

the importance of looking to existing faculty members to perform 

these functions increases .  The a im here i s  to encourage faculty 

members to keep abreast of developments in their f ields , and to 

facilitate ef forts by faculty members to shift their research 

i nterests toward new fields when that is warranted . 

NSF already supports such ef forts to a s ignificant degree , and 

we commend them for it . But we also bel ieve NSF should explore ways 

to expand and improve these ef forts . More study and experience will 

be needed to determine what programs work best . Chapter VI includes 

some f urther discuss ion of this problem ,  with recommendations to NSF 

about approaches to try . 

Expanded Federal Postdoctoral Fellowship Programs 

The federal government could increase the number of temporary 

positions for young scholars during the period of academic job 

shortage through increased use of postdoctoral fellowships . Some 
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other programs which have been recommended to counter the " young 

investigator" problem ,  inc luding the Radne r-Kuh "Junior Scholar" 

program and one aspect of the program described by Morton Baratz , 

are variants of the postdoctoral fellowship mechani sm .� The number 

of persons on postdoctoral appointments varies greatly among f ie lds 

( see Table 9 ) . In physics , chemistry and many areas of the life 

sciences it is already relatively large . Some of these people 

receive portable fellowship support ,  though most are supported 

through the research-grant and training-grant mechanisms ( NRC 

1 978a ) . 

Postdoctoral appointees play a very important role i n  the 

research process in their di sciplines , and the postdoctoral 

appointment has come to be a nearly essential first step in a 

productive academic career i n  many areas of science . We note that 

the NSF National Needs Postdoctoral Fellowship program is being 

maintained and that categorical programs are being introduced in 

some fields . We encourage NSF to consider expanding this program . 

NSF should also cons ider whether the present maximum term for a 

postdoctoral fel lowship should not be extended for a year or two , to 

a total period of three or four years , to make better use of the 

available young research scientists , and whether the postdoctoral 

fellowships can be structured to inc lude an optional teaching 

component , to be supported with university funds . The purpose of 

such a teaching component would be to fac ilitate entry into academic 

careers for those who seek them . 

We do not , however , cons ider the expans ion of such fellowship 

programs to be in itself a suf f icient response to the central issue 

�/ See Radner and Kuh ( 1 978 ) ,  Baratz ( 1 978 ) . 
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' co co I 

Tab l e 9 

EST I MATED TOTAL NUMBER OF PH . D .  REC I P I ENTS ON POSTDOCTORAL 
APPO I NTMENTS IN EACH F I ELD OF SC I ENCE , 1972-1977 

197 2  1973 1974 1975 1977 

Total , all fields 7664 9160 8991 10 , 051 11 , 818 

Mathematics 1 3 1  144 191 173 144 

Phys ics 1223 1390 1294 1189 1225 

Cheaiatzy 1394 1620 184 2 1757 1835 

Eartb Sciences 238 289 305 323 441 

lnqineerinq 324 456 375 344 521 

A;:r:icultu:r:al Scia . 81 134 131 216 196 

Bioscience• 3650 4301 3968 5141 6180 

Psychology 3 94 458 5 20 547 738 

Social Sciences 229 368 365 361 538 

SOCBCE : RBC ,  Sw=vey of Doctorate a.cipients , 197 3 , 197 5 , 197 7 ; NRC ,  Sarvey of 
Euned Doctorates , 1 97 3 , 1975 , 197 7 .  

5-yur 
Growth 

54 . 2  

9 . 9  

. 2  

31 . 6  

85 . 3  

60 . 8  

142 . 0  

69 . 3  

87 . 3 

134 . 9  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e s e a r c h  E x c e l l e n c e  T h r o u g h  t h e  Y e a r  2 0 0 0 :   T h e  I m p o r t a n c e  o f  M a i n t a i n i n g  a  F l o w  o f  N e w  F a c u l t y  I n t o  A c a d e m i c  R e s e a r c h
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 4 3

http://www.nap.edu/catalog.php?record_id=19843


of research vitality . First , in many sc ientific fields , the 

postdoctoral mechani sm is already in place , used frequently , and 

functioning with great effectiveness . The problem i n  these areas is 

a lack of more pe rmanent academic pos itions following the 

postdoctoral appointment . Expansion of postdoctoral fel lowship or 

research as sociateship programs may therefore be more helpful in 

those areas such as mathematics and the social sc iences where it has 

been less used in the pas t .  Ef fect ive ut ili zation o f  more 

postdoctoral& in such areas may require some redefinition and 

restructuring to make them more appropriate to the research styles 

of those disc ipl ines . 

But there is a more fundamental problem with reliance on the 

postdoctoral fel lowship as the main response to the vital ity 

problem .  O ur  ear lier analysis implied that the key threat to 

vital ity resulting from a shortage of young scholars lay in the loss 

of the new starts , the influx of new idea s , and the introduction of 

new research areas and technique s  which such scholars bring . These 

contributions are , as we argued in chapter I I I ,  more l i kely to have 

lasting effect if made by ful l-t ime members of the regular facul ty , 

who are wel l  integrated with the teaching and research of their 

departments and who function as independent investigators .  

Pos t-docs play an enormously valuable role as producers o f  research , 

but they cannot be looked to as the principal source of innovation 

and renewed vitality in academic departments . 

Expansion of Non-Faculty Doctoral Research Sta f f  in Universities 

Increasing numbers of Ph . D . ' s  hold non-faculty research 

appointments in unive rsities in positions "para l le l "  to the normal 
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faculty career ladder .1/ At some institutions , such as MIT and the 

University of Wisconsin , the rules governing these appointments are 

carefully codi fied , while at others they are more informal . As 

discussed in chapter III  ( pp .  5 3-6 5 ) , such appointees typically have 

less j ob security than regular faculty members and typical ly have 

s ignif icant restrictions on their abi lity to function as independent 

investigators . These institutional limitations are closely l inked 

to the fact that non-faculty positions are mainly financed on 

so-cal led " soft" money -- research funds which do not provide the 

stable basis needed for providing positions carrying the degree of 

university commitment and j ob security associated with regular 

faculty positions . 

The pool of non-faculty researchers is  l ike ly to continue to 

grow in the decade ahead even in the absence of policies to 

encourage such growth . We see the need to establish viable and 

attractive careers for people in such positions as a maj or policy 

issue facing universities in the coming years . We do not , however ,  

advocate federal programs to encourage the development o f  

non- faculty doctoral research career tracks as the most effective 

and immediate response to the vital ity problem . Under present 

i nstitutional arrangements , such people are , like post-docs , likely 

to play a more valuable role as producers of research on proj ect s  

i nitiated b y  others than as initiators of new scientif ic proj ects . 

Changing the predominant role of non-faculty doctoral researchers to 

1f A recent National Research Council Committee report 
examines the growth in numbers of this group , their role in the 
research enterprise , and their status in the university . See NRC , 
1 978b . 
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that of research initiators would require important and demanding 

changes in administrat ive practice s , patterns of university 

governance , and self-perceptions among non-faculty researchers . 

Furthermore , the capacity of univers ities to make the financial and 

other commitments required to give non- faculty researchers more 

independent status is handicapped by the short-term nature of the 

funding for most non� faculty positions . As we noted in chapter III , 

encouragi ng a des irable evolution of the s ituation of thi s  group i s  

an important long-term obj ective for universities and policy-makers , 

and we expect the recommendations of the Committee on Pos tdoctorals 

and Non-Faculty Doctoral Re search Staff to have an important bearing 

on thi s  goal . 

Expansion of Research I nstitutes and Nationa l Laboratories 
or creation of New Ones 

Institutes and laboratories which decoupl e the conduc t of 

scientific research from the education of students are a possible 

response to the threat of reduced vitality of academic sc ience posed 

by demographic development s .  Our di scussion i n  chapter I I I  argued 

that un ivers ity sc ience is only one component , but an indispensable 

one , in the nation ' s  overa l l  research and development ef fort . We 

po inted to several unique aspects of the university environment , 

relating to its communication system , its reward structure , and its 

traditions of academic freedom ,  which are not readily dupl icated 

outs ide the academic environment . 

Clearly , however ,  there are some research tasks that might be 

as we ll or better performed in national laboratories or research 

institutes as they are in universities , and we bel ieve proposals to 

expand such fac i l ities or to create new ones should be evaluated on 
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their own merits . But we do not believe that a general movement to 

transfe r  the bas ic research mission out of the academic environment 

would be a desirable response to impending problems in any ma j or 

field of science or engineering . Such a program would be enormously 

expensive , and it would fail to come to grips with the essential ly 

transitional nature of the problems addressed in this report . We do 

not discourage development of such institut ions where they promise 

to respond ef fect ively to a lonq-term research need . But we have 

concluded , in regard to the problems with which this Committee is 

concerned , that the stres s  should be on programs to ensure the 

vital ity of academic research dur ing the transition to a 

steady-state , rather than on programs to move research out of 

academia . 

Expansion of the Basic Research Effort in Industry and Government 

Similarly to the alternative j ust described , such programs 

would seek to create research positions outs ide academia to 

accompl ish research in a vital environment dur ing a period of 

universi ty decline . Our response is also s imi lar . While there are 

important research tasks , including some tasks in basic research , 

for which government and industry are wel l  equipped ,  we believe , as 

we arqued in chapter I I I , that the university environment is 

uniquely we ll suited for the performance of many kinds of basic 

research . While attractive proposals to develop research 

capabilities in i ndustry and government should be appraised on their 

merits , it seems unnecessary and undesirable to divert federal funds 

from univers ities for this purpose . 
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Conclusion 

The pressures and challenqes of the 1 980 ' s and 1 990 ' s  are 

likely to cal l forth a number of siqnif icant chanqea in the 

orqani zation and conduct of academic research . We have noted above 

several potential policy areas where universities and colleqea may 

need to act in the year s  ahead , and where a sustained or expanded 

federal role is cal led for . Further study of a variety of policy 

alternatives and close monitorinq of the evolvinq situation in 

academic science wi l l  be needed in order to quide federal and 

institutional policies intel l iqently throuqh the cominq decade s . 

We bel ieve stronqly that a principal element in such an 

evolvinq qroup of pol icies and proqrams should be a proqram of 

awards to support faculty positions in un iversities under care ful ly 

defined conditions . Such a proqram can be implemented promptly and 

ef fectively by the federal qovernment on the basis of existinq 

knowledqe , and it can have a s iqnificant and rapid impact on 

maintaininq academic research vitality at moderate coat . Action on 

a proqram of this kind should rece ive hiqh priority in the federal 

qovernment . In chapter V we spel l  out our recommended proqram in 

detail . 
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CHAPTER V .  A PROGRAM FOR IMPROVING THE FLOW OF N EW  FACULTY 
INTO RESEARCH UN IVERSITIES 

There is need to maintain an adequate f low of new faculty into 

research universities as academic science and engineering make the 

transition from the rapid growth of the 1 960 ' s  to the conditions of 

slow or no growth which have begun and are likely to worsen . 

We have analyzed in chapter I I I  the contributions made by young 

faculty to research vita lity . We found that what i s  real ly 

important to academic research is ( a )  the continued introduction of 

new ideas , techniques ,  and lines of research in academic 

departments r  ( b )  the opportunity and incentive for exce l lent young 

people to opt for scientific careers r  and ( c )  the maintenance of 

suf ficient continuity in the age structure of faculties to sustain 

healthy communication and cooperation across generations . All these 

factors argue not so much the importance of youth � � to 

scientif ic creativity r rather they stress the importance of an 

adequate f low of new faculty in ensuring the regular introduction of 

new people and idea s , as wel l  as the evolution of a balanced age 

distribution over time . 

The evidence in chapter I I  supports the case that serious 

constrictions on the hiring of new faculty are felt already in some 

fields and will arise soon in others unless preventive action i s  

taken . The problem as we see it is essentially transitiona l .  

Hiring for replacement i s  low because retirement rate s , while 

gradually rising through the 1 980 ' s , wi l l  be below steady state 

levels unti l  wel l  into the 1 990 ' s . Hiring for growth is small or 

non-existent because of enrollment trends . A program to encourage 

some additional hiring of new faculty at research universities i n  
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anticipation of future retirements wi l l  avert the most serious 

ef fects of a constriction in hirinq of new faculty and allow a 

smoother transition to a steady-state age distribution . 

Quite recently , a number of alternat ive programs have been 

advanced as ways of permittinq universities to auqment their hirinq 

of younq Ph . D . ' s . Based on our analysis of the nature of the 

problem and of the process by which first class scientific research 

is produced , we urqe the followinq as bas ic criteria whi ch any 

proposed proqram of this kind should meet : 

( a )  the mechanism by which additional hirinq will be qenerated 

should be clearly spelled out r 

( b ) to enhance the contribution to research vitality , those 

employed as a result of the proqram should be appointed to academic 

positions which pe rmit them to be independent investiqators and 

active , contributinq members of thei r  departments r
. 

( c )  the proqram should ensure that the additional positions 

created are f i l led by scholars with hiqh research potential r 

( d ) the proqram ,  while makinq more faculty positions available 

in universities , should interfere as l ittle as possible with the 

normal processes by which un iversities select amonq candidates for 

available positione r 

( e ) the program ,  so far as possible , should increase the 

effectiveness of the research effort of existinq faculty as well as 

encouraqi nq the hirinq of new faculty r 

( f )  the proqram should be responsive to variations over time 

and across f ields in the number of positions needed , and should be 

readily phased out when the need for it has ended. 

These criteria are best met , we believe , by a program which 

provides research awards in support of salary for existinq faculty 
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members and requires the university to use the funds thereby 

released to hire additional faculty . Direct fe llowship awards to 

new Ph . D . ' s , while seemingly a more straightforward solution , are 

not compatible with bringing those people into the university 

faculty development proces s  in the normal way . Achieving thi s  end 

seems very important to us , both from the standpoint of preserving 

the autonomy of the university se lection process and in order to 

maximi ze the research ef fectiveness of those hired . 

The Research Excellence Award Program ( REAP )  

General Description 

The principal goal of thi s  program is to enable universities to 

hire additiorial young faculty in fields of science and engineering 

where the vital ity of research is threatened by a shortage of 

positions for such people . An additional , and very s igni f icant , 

benefit of the program is to recognize and encourage the research 

activities of the most able , product ive and promising scientists and 

engineers pre sently employed in academia . The program wi ll provide 

a f ive-year stipend in support of salary to award recipients 

selected from exi sting facult ies , with the released university funds 

going to support the employment of new faculty members .!/ 

11 The Committee cons idered both shorter and longer time 
periods for the award , and concluded that f ive years offered the 
best balance among competing considerations . It is adequate t ime 

for a new faculty member to be brought into the faculty development 
process and for the award winner ' s  research ef forts to be 
substantial ly assisted , and it is also long enough to give 
institutions a substantial incent ive to participate in the program . 

At the same time , f ive years is short enough to al low the magnitude 
of the program to respond e ffectively to changing needs and to allow 
the program to be effectively administered. It is possible that 

cons iderations speci f ic to certain fields of science or to 

administrative practices of agencies other than NSF which may wish 
to participate in a s imilar program might argue for a shorter or 
longer award period . 
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The key features of the Research Excellence Award Program are 

as follows ( detailed provisions are elaborated in the following 

sections ) :  

Nominees must be full time faculty members on reqular 

appointments ( either tenured or non-tenured in a tenure track 

position ) in departments in those research fields announced by NSF 

as eligible for awards . A nomination will be made by a department 

but must include a f ive-year research plan prepared by the nominee 

and a staff development plan prepared by the department or 

equivalent employing unit and endorsed by the university . 

The research plan and department plan are to be reviewed by 

recogni zed leaders in the relevant field. The department plan must 

have the effect of bringing at least one more new young faculty 

member into the faculty development process ( i . e . , the tenure track ) 

than would have started through normal replacements for retirements 

and attrition .� The department plan should identify clearly the 

source of the tenure track opening for which the new faculty hired 

under the program wi ll be el igible to compete . Selection of the new 

faculty and their review for tenure are to be carried out according 

to the normal university process . The university must provide 

assurance that the new faculty hired have a normal , adequate 

opportunity for the development of a strong research and teaching 

proqram, and that they have a meaningful opportunity ( defined in 

more detail below ) to compete for the tenure track opening committed 

�/ The tenure track position may be one which would otherwise 
have opened f ive or more years after the date of application due to 
a projected retirement or other attrition of any member of the 
departmental faculty or it can be created by net growth of 
departmental faculty . 

-98-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


by the university as part of this program . Teaching and service 

loads for award recipients are to be specifically defined in the 

award proposal and are to be j ustified in terms of successful 

accomplishment of the research plan . The stipend will be set at a 

level that wil l  release sufficient funds to enable the university to 

hire a new young faculty member and wi ll also provide summer salary 

support for the award recipient . 

Program Rationale 

REAP responds directly and effectively to the threat of reduced 

vitality in science posed by the shortage of young researchers in 

academia . The awards provide support to enable the most effective 

and creative researchers presently in science and engineering 

departments to devote more of their energies to research . And, by 

freeing university funds for the specific purpose of hiring more 

young scholars into tenure track positions , the awards wi ll enable 

universities to hire in anticipation of retirements and other 

turnovers , thereby enabling those departments to accompl ish a 

smoother transition to a balanced age distribution . 

The program ensures that universities will have normal freedom 

in selecting the new persons to be hired , thus taking full advantage 

of the universities ' sophisticated and effective recruitment and 

evaluation process , and avoiding any hint of NSF interference in 

university hiring decisions . Because the individuals to be hired 

will have full faculty status , and therefore be well integrated into 

their departments , they will be in the best position to perform 

their essential function as innovators and sources of "new starts" 

in basic research . Further , the obligation the university is under 

to identify a meaningful tenure track opening for which the new 
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faculty member wi l l  compete shoul d encouraqe universities to focus 

attention on their aqe distribution probl em and where possible to 

make tenure openinqs available sooner throuqh anticipatinq 

retirements and perhaps by encouraqinq early retirement and other 

turnovers . 

The proqram will f urther serve as a h iqhly vis ible 

encouraqement to the best younq prospective scie�tists and enqineers 

that excellence in research in science and enqineerinq continues to 

be valued and rewarded in our society . 

Application Procedure 

( a )  Award nominees must submit a f ive-year research plan . The 

plan should include a deta iled description of their research plans 

in the near future and a less detailed description of lonqer term 

plans . At least three letters of recommendation are to be supplied 

by qual i f ied sc ientists acquainted wi th the nominee ' s  research . 

( b )  The nominatinq department must endorse the nominee ' s  

research plan , includinq plans for teachinq and other departmental 

responsibilities . In endorsinq the plan , the institution wi ll aqree 

to supply space , access to necessary equipment , opportunity for 

major i nvolvement in research , and a teachinq arranqement consistent 

with execution of the research plan .  

( c )  The nominatinq department must submit a faculty staffinq 

plan includinq the past f ive years hirinq , promotion , and 

anticipated reti rements and anticipated new hires for the next six 

years . The plan should indicate how the award is expected to 

influence the vitality of the department ' s  research activities .  

Thi s  staff inq plan i s  to be endorsed by the department , the 

-100-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


appropriate dean and the principa l academic of ficer of the 

institution . 

Award Conditions and Regulations 

( a )  As the intent of the award i s  to encourage faculty 

development , continuity , and vitality , award recipients are expected 

to serve as regular members of their departments ,  and especially to 

carry out innovative research . Appropriate assignments of teaching 

and of committee and other departmental and univers ity-wide service 

are to be expl icitly defined in the research proposal and are to be 

j ustif ied in te rms of successful accomplishment of the research 

plan . These arrangements should be reflected in the staff ing plan 

to be submitted with the award nomination . 

( b )  An annual report i s  to be submitted by the award recipient 

and his/her department . The report i s  to inc lude a description of 

progress on the awardee ' s  research program and a description of the 

department ' s  actual staff ing in relation to the staffing plan stated 

in its original proposal . 

( c )  A department rece iving an award must undertake to hire a 

new faculty member in a non-tenured tenure track position , 

additional to those who would have been hired in the absence of the 

award . The department and university must provide assurance that 

the new faculty hired wi ll have a · reasonable opportunity to achieve 

tenure . For thi s  reason , the department staff ing plan must indicate 

how many other members of the institution ' s faculty are expected to 

be candidates for the tenure track opening committed by the 

univers ity as part of the progr am .  Inc lusion of more than three 

members of the faculty ( includ ing the new faculty member hired under 
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the program ) among the candidates for the tenure track opening is to 

be taken as evidence that the new faculty member ' s opportunity to 

achieve tenure is unacceptably low .�/ 

During the period of recruitment for the new faculty member , 

the university is permitted to use funds released by the award to 

hire temporary , non-tenure track employees to cover the research and 

teaching needs generated by the department ' s participation in the 

program. However , failure to fill the new tenure track position 

within two years after commencement of the award wi ll result in the 

award ' s termination . 

The obligation to maintain the additional position continues 

through the term of the award . Hence , if the first per son hired 

leaves the department during the term of the award , the department 

must again initiate hiring . 

( d ) The award wil l  be administered by the department 

chairper son ( or equivalent ) and will provide a f ixed sum of partial 

support toward the academic year salary of the award recipient . In 

addition the cost of two months ' summer research salary and fringe 

benefits for the award recipient wi ll be provided ( if requested ) .  

An 8\ allowance for indirect costs to cover administrative expenses 

wil l also be awarded to the department . 

The f ixed sum is to be calculated annually by the NSF as 

equivalent to typical new faculty academic year salary and fringe 

benefits at research universities in NSF supported f ields 

( approximately 22-24 thousand dollars ) .  

�/ The university wi ll  of course be free at the time of the 
tenure appointment to inc lude candidates from outside the university 
in its search . 
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For both the award recipient and the new faculty member hired , 

the salary and salary adjustments are to be set by norma l university 

review procedures . 

( e )  Should an award holder elect to move to a second 

institution , the award to that individual may continue if the second 

institution reapplies to the NSF and satisfies all the necessary 

conditions for the award , including the required expansion in the 

junior faculty ranks . 

( f )  The award wi l l  be terminated if the recipient accepts a 

major administrat ive ass ignment ( i . e . , half-t ime or over ) which 

might lessen the research impact of the award . 

( g ) The award recipient remains fully el igible to compete for 

research funds through all regular channels . 

Criteria for Assigning Priority among Competing Applications 

( a )  The primary criterion for making awards i s  the nominee ' s 

potential for making important contributions in  science during the 

term of the award , as j udged by the quality of the research plan and 

the nominee ' s record of past research per formance , with major 

emphas is on productivity within the last f ive years . 

( b )  The nominating department ' s need and commi tment to 

additional junior faculty in order to maintain or enhance research 

vitality should be we ighed on the basis of the department ' s current 

staff and staff ing plan , and staff ing actions over the last f ive 

years . This staffing plan should de scribe the opportunity provided 

by the nominating department for additional faculty to develop 

productive research programs and thereby enhance the research 

vital ity of the department . It is plain that providing this 

opportunity necess itates a substantial commitment on the part of the 
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university to provide space and access to equipment for the new 

faculty . 

( c )  In evaluating younger candidates for awards , major 

attention should be given to the potential of the award to aid in 

the nominee ' s  career development . Recent Ph . D . ' s  nominated for the 

award need not have an extens ive list of publications ,  but neither 

should awards be made to untried investigators .  

( d ) In evaluating more experienced candidates for awards , 

special attention should be given to prospects for a favorable 

impact on the research field , including opening of new areas or 

bringing the investigator ' s  established expertise to bear on a new 

problem which could benefit from his or her special skills . 

( e )  In determining the balance of awards between younger and 

older scientists , the special importance of encouraging the 

contributions of younger scholars should be recognized. 

Applications should be encouraged from younger scholars , and the 

review process should attempt to ensure that a substantial number of 

younger faculty will  be among the award recipients .  

( f )  The adequacy of the department and university facilities 

and environment for performing the research described in the 

nominee ' s  plan should be weighed. 

( g )  In making the awards , the special roles that female and 

minority scientists have in training graduate students and the 

special role of institutions that train disadvantaged students who 

are underrepresented in scientific careers should be considered . 

NSF should there fore make clear that nominations of women and 

minorities are to be vigorously encouraged. New hires generated by 

the program must be made in compliance with university affirmative 
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action commitments , and this program of fers the university an 

excellent opportunity to achieve these obj ectives .  

Program Magnitude , Timing and Implementation 

We describe below the principles and criter ia that should be 

employed in deter�ining the size of the program , the distribution of 

awards among fields , the t iming of phase-in and phase-out , and the 

funding and administration of the program . Where appropriate , 

approximate numbers are suggested . Actual implementation will , of 

course , require close knowledge and careful monitoring of the 

situation in specific fields and sub-fields . 

Criteria Concerning Eligibility of a Field for Awards 

We expect that Research Excellence Awards will be made in only 

some fields in the near future . El igibility of a broad field for 

awards should be based fundamental ly on the severity of the shortage 

of places for new faculty . However ,  in recommending a program to 

NSF , we also need to recognize that the degree of responsibility NSF 

carries for funding research varies considerably by field ( see Table 

1 0 ) . The program we describe is  premised on NSF responsibility and 

NSF funding . we strongly urge that other federal agencies which 

support s ignificant amounts of research consider developing parallel 

programs in the areas they support , or that they consider 

participating with NSF in providing financial support for an 

expanded version of the program described here . To determine the 

severity of the shortage of new positions in a field , NSF should 
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TABLE 10 

FEDERAL OBLIGATIONS FOR BAS IC RESEARCH IN UNIVERS ITIES AND COLLEGES 
BY SELECTED SUPPORTING AGENCIES AND BY FIELD , 19 73- 19 76 

( Dollars en mil l ions) 

Energy 
Research 

Department and 
Five- Depart- Depart- of Health, D�elop- National 

F ield ot agencr ment of ment of Education, ment Science 
science' total Agriculture Defense and Welfare Admin.3  Foundation NASA 

Current dol lars 

All fields 1 973 . . . . .  $847.2 $37.2  $ 1 05.0 $3 1 7.9 $59.9 $327.2 $4 1 .8 
1 974 . . . . .  887.4 38 . 1  97.4 388.4 56.5 306.9 54.3 
1 975 . . . . .  967.2 43.3 95.3 392.3 57 .5 378 . 7  64. 5 
1 976(est.) . 1 ,070.7 49. 1 1 07 . 1 445.0 61 . 7  407 . 7  52.9 

Life sciences 1 973 . . . . .  366.3 26.2 8.3 263.5 1 1 . 1  57.2 NA 
1 974 . . . . . 430.7 26.6 7 .2 326.6 5.6 64.7 NA 
1 975 . . . . .  451 .5 30.3 9.8 332. 1 79 3 3.7 
1 976(est. ) • 506.8 35.0 9.9 3 7 7 . 0  84.9  3 .9  

Physical sciences 1 973 . . . . .  1 77.3 1 .9 1 9.9 1 8.0 43.0 94.5 NA 
1 974 . . . . . 1 76.2 1 .9 1 8. 1  22.4 45.7 88. 1 NA 
1 975 . . . . .  201 .6 2.0 1 8 . 7  26.2 48.6 1 06. 1 33.2 
1 976(est . )  . 220.6 2.4 21 7 29 .9 51 .8 1 1 4.8 27.7 

Astronomy 1 973 . . . . . 9.4 1 .6 7 .8 NA 
1 974 . . . . . 9.0 .2 8.8 NA 
1 975 . . . . . 8.8 .2 8.6 1 7 .9 
1 976( est. ) . 9.5 .3 9.2 1 7. 1  

C l  tmistry 1 973 . . . . . 62.7  1 .9 4.4 1 8.0 8.3 30. 1 NA 
1 974 . . . . .  64.5 1 .9 4 .7 22.4 5.6 29.9 NA 
1 975 . . . . .  79.5 1 .9 5. 1 26. 1 7 .6 38.8 3 . 1  
. , 976(est. ) • 90.3 2.3 6.8 29.8 8.5 43.0 1 .9 

Physics 1 973 . . . . .  99.7 (') 1 3.3 (') 34.7 51 . 7 NA 
1 974 . . . . . 1 01 .6 (' ) 1 2 .7  (' ) 39.4 49.5 NA 
1 975 . . . . . 1 1 2. 1  . 1  1 2.9 (') 40.4 58.7  9.7  
1 976( est.) • 1 1 9.0 (' ) 1 3.6 (') 42.6 62. 7 6.8 

Other physical 1 973 . . . . .  5.5 .6 4.9 NA 
sciences 1 974 . . . . . 1 .0 .4 . 7  NA 

1 975 . . . . .  1 . 1  .4 .6 2 .5  
1 976( est.)  • 1 .8 1 .0 . 7  1 .9 

Environmental 1 973 . . . . .  80.5 .4 28.9 (') 51 . 2  NA 
sciences 1 974 . . . . . 89.2 .7 20.6 .4 67 .5  NA 

1 975 . . . . .  1 02.6 .8  2 1 . 7  . 5  79.6 1 6.5 
1 976( est. ) . 1 1 3.2 .8  23.7 .6 88. 1 1 2.8 

Engineering 1 973 . . . . .  75.5 1 .2 26.4 3.3 3.5 41 . 1  NA 
1 974 . . . . . 76.6 1 .4 31 .8 3.5 3.7 36.2 NA 
1 975 . . . . . 94.4 1 .8 27.6 3.8 6.8 54.4 8.4 
1 976( est. )  . 99. 1 1 .5 31 .6 4 .3 7.5 54.0 6.9 

Social sciences 1 973 . . . . .  45.7 7.5 . 1 1 6.2 2 1 .9 NA 
1 974 41 .8 7 .4 . 2  1 5 . 1  1 9.2  NA 
1 975 . . . . .  40. 1 8.4 .3 8.5 23. 1 . 1  
1 976( est. ) . 46.0 9.4 . 1  9.8 26.8 . 1  

Psychology 1 973 . . . . . 29.0 5.3 1 4.3 9.4 NA 
1 974 . . . . .  29.6 7. 1 1 7 .2 5.3 NA 
1 975 . . . . . 29.3 4.4 1 7.0 7 .9 .8 
1 976(est . )  . 34.0 5.8 1 9.6 8.6 1 . 1  

Mathematics 1 973 . . . . .  40.9 (' ) 1 6.2 1 . 1  2.4 21 .2 NA 
1 974 . . . . . 36 .3 . 1  1 2.5 2.0 1 . 1  20.5 NA 
1 975 . . . . . 41 .6 (') 1 2 .8 2.3 1 .6 24.9 .5 
1 976( est. ) • 44.9 (') 1 4.0 2.6 1 .8 26.5  .3 

Other sciences' 1 973 . . . . . 32. 1 1 .4 30.7 NA 
1 974 . . . . .  7 . 1  1 .6 5.4 NA 

975 . . . . . 6 .2 . 1 2 5  3.6 1 . 3 
1 976(est . )  . 6 . 1 .3  1 9 3.9 . 1  

Source : NSB , Sci ence I nd i cators , 1 976 
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consult var ious indicators and keep abreast of expert j udgments 

about conditions in the f ield.  The fo llowing are among the key 

indicators the NSF should monitor : 

( a )  The ratio of recent doctoral faculty ( those havi ng 

received their degree in the last seven years ) to tota l doctora l  

faculty . This t ime-dependent measure , compared t o  i t s  steady-state 

val ue , is a s impl e  indicator of the degree to which hiring has been 

restricted in the recent past . 

( b )  Proportion o f  the faculty aged greater than s ixty . This 

is a useful and obj ect ive measure of openings l i ke ly to become 

available through reti rements in the near future . 

( c )  The rate of change ( as contrasted with pre sent value )_ of 

the ratio of recent to total doctoral faculty . As Grodzins ( 1 979b ) 

has argue d ,  the rate of change in this proportion is a more 

sensitive measure of cur rent deve lopments in the f i e l d  than is its 

leve l . 

( d ) The annua l rate of change in total doctoral faculty over a 

representative recent period . This is an indication of the number 

of positions in the field becoming ava ilable through facul ty growth . 

Recent value s  of the se indicators by broad f ield of science for 

a l l  Ph . D .  granting institutions and for the maj or research producers 

are shown in Tabl e  1 1 . NSF should a l so ,  where possibl e , examine 

data by individual departments within a f i e l d .  A s  the data for 

mathematics , chemistry and physics depar tments in Appendix E 

indicate , the distr ibution of young faculty among departments in a 

f ield is highly uneven , and data aggregated by f ield could 

potential ly mas k  a serious difficulty at a subset of institutions . 

A decis ion about the existence of a problem in a particular 

f ield should be based on a determination that all or most of the 
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Tabl e 1 1  

IND I CATORS OF S�IERITY OF SHORTAGES OF POS ITIONS FOR NEW FACULTY 

Al l Ph . D . Grant i ng 
I n s t i tut i ons 

Ra t i o  of recent to tota ]
1 ) doctora l fa c u l tv .  1 977 

Ra t i o  of fu l l - t i me facu l ty 
aged g reater than 60 to ��

,

,a 1 
fu l l - t i me fa cu l ty , 1977 � 

Annual  rate of change i n  
ra t i o o f  recent t o  to ta l  

C 0 doc t ora l facu l tv 1 1:1 7 3-77 S 
Annual  rate of change 1 n  
tota l doctora l  fac u l ty .  
1 9 7 5 - 7 7  !;)  
Major Research Uni vers i t i es 

Ra t i o  of Recen t to tota l 
doctora l facu l ty 1 9 77 . ( 1 )  
Ra t i o  of fu l l - ti me facu l ty 
aged greater than 60 to tota l 
fu l l - t i me facu l ty , 1977 { � )  

Annu a l  ra te o f  change i n  
ra t i o  o f  recent to tota l 
doc tora l  fac ul ty .  1 9 73-77  (S) 
Annu a l  ra te of change 1 n  
tota l do{�)ra l fa cu l ty .  
1 9 75-77  l 

TOTAL 
ALL F I ELDS MATH 

33 . 7  36 . 5  

5 . 5 4 . 5  

-4 . 6  -7 . 2  

3 . 4  . 8  

32 . 3  3 5 . 4  

6 . 3  4 . 5  

-3 . 9 -7 . 0  

3 . 1  0 
Source : NRC , Survey of Doctorate Reci pi ents . 

PHYS ICS 

20 . 7  

3 . 3  

-9 . 4  

1 . 7 

23 . 5  

3 . 2  

-7 . 1  

6 . 6 w 

CHEM EARTH SCI  ENG IN  AGR I C B I D  S C I  

2 3 . 2  31 . 6  26 . 7  29 . 2  34 . 1  

8 . 0  7 . 4  4 . 0  7 . 5 5 . 9  

-6 . 0 -2 . 7  -1 0 . 4  -2 . 0 -2 . 1  

· 2 . 2  0 2 . 8  0 4 . 0 

23 . 0 35 . 7  26 . 2  28 . 1  32 . 1  

6 . 8  6 . 5  4 . 8  8 . 2  6 . 8  

- 7 . 0 0 -8 . 3  -0 . 8  -2 . 8  

0 2 . 0  2 . 2  0 3 . 2  

STEADY STATE 
PSYCH SOC SC I VALUE !/ 

36 . 0  44 . 5  33 

4 . 7  6 . 2  9 . 2  

-4 . 6  -2 . 1  0 

0 1 0 . 0  0 

35 . 0  4 1 . 5  33  

5 . 7  7 . 6  9 . 2  

- 3 . 1  -1 . 9  0 

0 1 0 . 1 0 

!I See Append i x  0 for deri va t i on of s teady- s tate parame ters . 

b/ Th i s  h i gh g rowth rate from 1 9 7 5  to 1 977 fo l l ows a s i g n i f i ca n t drop i n  fa cu l ty s i ze i n phys i cs at maj or res earch uni versi ti es from 
1973 to 197 7 . The annual  g rowth rate i n  phys i c s fa c u l t i e s ove r th e fou r years 197 3 - 7 7  i s  just  2 . 41 .  

C o p y r i g h t  ©  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

R e s e a r c h  E x c e l l e n c e  T h r o u g h  t h e  Y e a r  2 0 0 0 :   T h e  I m p o r t a n c e  o f  M a i n t a i n i n g  a  F l o w  o f  N e w  F a c u l t y  I n t o  A c a d e m i c  R e s e a r c h
h t t p : / / w w w . n a p . e d u / c a t a l o g . p h p ? r e c o r d _ i d = 1 9 8 4 3

http://www.nap.edu/catalog.php?record_id=19843


indicators point toward a prospective shortage of positions for new 

faculty . Using this criterion , it is clear from Table 1 1  that the 

f ields of mathematics , physics , chemistry , and engineering are in a 

signif icantly worse position for the near term than other fields . 

In all four of these fields , the ratio of recent to total 

faculty has been declining rapidly ( at a rate of between 6\ and 1 0\ 

per year ) and growth in total faculty has been slow or non-existent 

( on the order of 2\ per year or less at the maj or research 

producers!/ > •  In physics , chemistry , and engineering , the present 

ratio of recent to total faculty is also low ( ranging from 2 0\ to 

26\ across these fields ) . In mathematics , that ratio is sti ll 

relatively high ( 36\ ) , but the departmental data suggest that a 

significant fraction of the j unior people in mathematics are 

instructors , many of whom are probably not on a tenure track . 

Although a reasonable case can be made that all four of these 

fields have a shortage of young faculty , we recommend that the REA 

program be started immediately only in mathematics and physics . In 

both these fields the retirement shortfall i s very severe , with 

retirements in both fields expected to run at less than half the 

steady-state rate for the next f ive years .  The implied shortfall in 

replacement hiring , coupled wi th the other indicators of a shortage 

of young faculty in mathematics and physics , support our 

recommendation for an immediate start in those two f ields . In 

chemistry , on the other hand , the retirement situation remains 

!I As footnote b in the table indicates , the high rate of 
growth in physics faculties at the maj or research institutions is 
probably anomalous . 
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relatively favorable for the next few years , and wi l l  then begin to 

worsen .� It therefore seems advisable to delay two or three years 

before beginning the program in chemistry . 

We have dec ided against recommending the program for 

engineering at present because , as noted in chapter II , the 

underlying forces shaping the market for Ph . D . engineers are quite 

different from the demographical ly driven forces we have stressed . 

Powerful cyclic components in the market for engineers strongly 

affect both undergraduate enrollments ( and hence requirements for 

engineering teaching faculty ) and the non-academic employment 

prospects for Ph . D .  engineers . While we believe a mechanism l ike 

the REA program could potential ly be of use in smoothing the 

academic hiring of Ph . D .  engineers ,  we feel unsure about how to 

analyze the proper t iming and magnitude of its deployment . We 

therefore recommend further study of the special problems of the 

academic market for Ph . D .  engineer s .  

Magnitude of the Program in a Specific Field 

The following principles should be observed in determining the 

annual number of new REA awards to be made in a specific f ield which 

is declared el igible for the program : 

( a )  The number of awards should be keyed to the s i ze of the 

problem in that field . The s i ze of the problem can be measured by 

the departure of the key indicators cited above from their 

steady-state values at research producing departments in that field . 

The program should aim only partially to correct deviations from 

�/ See Table 3 in chapter II for confirmation . 
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these steady-state values , for at least two reasons . First , this 

wil l  ensure against over-correction which would only cause the 

problem to reappear later . Second , partial correction wil l  avoid 

the danger of maintaining the status quo in a field which is 

declining because of a loss in potential for productive research . 

Partial correction -- amounting perhaps to half the departure from 

the steady-state value -- wil l  allow the relative size of different 

research fields to adj ust over time to changing patterns of research 

interest , while smoothing the transition to slower growth rates in 

academic research as a whole . 

( b )  The number of new starts i n  each field funded shoul d be 

kept small enough to ensure that high quality can be maintained 

among award recipients . 

( c )  The program in each field funded should be large enough to 

permit cost-effective operation and to ensure that the success rate 

among highly qualified applicants will  be sufficient to keep good 

people applying . Success rates in postdoctoral fellowship 

competitions are in the range of 1 0\ to 2 0 \ J they should be at least 

that high in this program to attract excellent faculty appl ications . 

Application of these criteria to the fields of physics and 

mathematics , where we urge that the program be begun immediately , 

suggests initial award leve l s  of approximately 3 0  per year in 

physics and 3 0  per year in mathematics . This amounts to roughly 50\ 

of the dif ference between actual and steady-state retirements over 
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the next five years at the Ph . D . granting institutions .�/ These 

numbers are smal l  enough to ensure high quality among award 

recipients . If new starts were made at this rate every year for ten 

years , a total of 3 0 0  awards would be made in each field. This 

would probably be enough to ensure that a reasonable proportion of 

applicants was funded over the period , but if early experience 

indicated that the success rate was disproportionately high or low, 

the number should be adj usted after two years . These are , we 

believe , conservative estimates of a desirable program size . Larger 

numbers of awards would not be difficult to j ustify . 

Overall Magnitude and Cost of Program 

This wil l  depend on how many fields ultimately require support 

and on the magnitude of support needed in each field. That in turn 

will depend very heavily on the extent to which the effects of the 

demographic downturn come to be felt at research produc ing 

institutions . Since retirements are expected to be low in most 

fields , even a level ing of enrollment would be enough to produce a 

s i gnificant shortage of positions for young faculty in most fields . 

Clear evidence on the extent to which the demographic downturn wi ll 

be felt at the maj or research institutions wil l  not be available for 

several years . But it is essential that the program mechanism be in 

place in order to respond as needs become evident in specific 

fields . 

§! In mathematics , actual retirements over the next f ive years 
at the maj or research producers ( assuming retirement at age 6 5 ) will 
be 4 . 5\ of faculty compared to 9 . 2\ under steady-state conditions . 
Total doctoral faculty size i s  743 4 .  There wi ll be a shortfall of 
348 retirements over f ive years 1 hal f  of that difference per year is 
34 . In phys ics , the actual retirements are expected to be 3 . 3\ of a 
faculty of 480 3 .  Th e  shortfal l i s  284 over f ive years 1 hal f  the 
annual dif ference i s  2 9 .  

-112-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


It seems to us almost certain that the program should be 

extended to chemistry fairly promptly and very likely that extens ion 

to at least some areas of the social sciences wi ll become necessary 

later in the 1 980 ' s . In chemistry , retirement rates are expected to 

be relatively hiqh in the immediate future . But other indicators 

are quite unfavorable and , a s  Table 3 in chapter I I  shows , the 

retirement situation i s  expected to worsen later in the 1 980 ' s .  The 

social sciences as a qroup have been able to maintain a healthy 

s i tuation recently because of rapid faculty qrowth . But at least 

same social science areas are likely to be adversely af fected by the 

enrollment decline of the latter half of the SO ' s ,  and this may wel l  

make them eliqible for awards . Most areas of the life sciences 

receive the bulk of their fundinq from NIH , and we do not rdcommend 

that the NSF take over responsibility for fundinq a proqram in those 

f ields . ( It is important to note that there are areas in the l i fe 

sciences which rece ive little NIH support ,  and extens ion of REA ' s  to 

these f ields would be appropriate shoul d they meet the criteria . )  

It seems unlikely that either aqri culture or earth sciences wi ll be 

e liqible for the proqram for reasons that inspection of Table 1 1  

will make clear . 

The shortaqe of positions due to low retirements wi ll beqin to 

ease in most fields by the early 1 99 0 ' s , and soon after that the 

enrollment demoqraphics turn up as well . We woul d therefore expect 

new starts in the proqram to beqin to decrease around 1 99 0 , and 

complete phase-out of new starts to occur no later than 1 995 . Once 

aqain , proper t iminq wi ll dif fer by field : mathematics retirements , 

for example , do not arrive at steady-state levels until several 

years later than phys ics retirements . 
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A reasonable scenario for award levels miqht then be as follows 

( recoqnizinq that actual award level s  must be tailored to the 

developments in specific fields as they occur ) . The proqram would 

beqin in 1 98 1  with 6 0  new awards in physics and mathematics . After 

that new f ields would like ly become el iqible , beqinninq probably 

with chemistry , so that the number of new awards would qrow . The 

number of new awards per year miqht also need to be adj usted up or 

down ( most likely up ) in fields already rece ivinq awards as events 

unfold. The number of new starts per year woul d reach a peak in the 

late 1 980 1 s  at perhaps 2 5 0  new awards per year . After 1 99 0 , the 

number of new awards should beqin to decline , with the timinq of the 

decline dependent on the hirinq s ituation in the various fields . 

The last year for new awards would be around 1 995 , with the proqram 

completely phased out before the year 2 00 0 .  Fiqure 7 il lustrate s 

the proj ected time path of new awards , total awards ,  and proqram 

costs . 

The cost calculation is based on 1 979 dol lars . It assumes an 

annual award cost of $ 3 5 , 0 0 0  per year , and an attrition rate from 

the proqram of 3\ pe r  year . First year costs are $ 2 . 1  mil l ion ; peak 

annual costs are $39 mil lion . Total costs over the 1 9  year s of the 

program • s  existence are $ 3 8 1  mil l ion . These calculations do not 

include costs to NSF of administerinq the proqram . 

This time prof ile of awards and costs should be appropriate if 

the main cause of reduced hirinq proves to be the lack of 

retirements , and if enrollments stay rouqhly constant . Even on that 

relatively opt imistic assumption , the proqr am we have outlined i s  of 

minimum size to address the expected diff iculties . Siqnif icant 

declines in enrol lment occurrinq at research un iversitie s miqht 
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require a substantially larger program , and depending on the time 

pattern of enrol lment change s , a s ignificantly dif ferent t ime path 

of awards . 

Administration and Sources of Fundinq 

We feel that this program is of sufficient urgency and value , 

and suff iciently modest in total coa t ,  that it would be worth 

funding out of existing research funds if necessary . However ,  we 

al so believe that the program would be a highly j ustifiable use of 

incremental funds by the NSF . We are aware that f inancing the 

program dollar for dollar out of existing research funds would 

significantly dampen its impact on the employment of young 

researchers , since undoubtedly part of the present research funds 

which would be lost provide salary support for faculty and finance 

post-doctoral appointments for young Ph . D . ' s . Also , the full 

program , i f  fully funded from existing research dollars , would have 

a noticeable impact on research programs which are already becoming 

tighter in many fields . 

The ideal scheme , and the one which we recommend , would have 

the program partly f inanced from new funds appropriated to the NSF 

for this purpose and partly f unded from moneys advanced by the 

individual research directorates .  This scheme would encourage the 

advice and participation of program officers at NSF who have 

detailed knowledge of their fields , without requiring that every 

dollar of support for this program come at the expense of their 

existing proj ects . Such an arrangement shoul d also be attractive 

from the standpoint of obtaining additional funding for the program , 

s ince it would make clear that its priority is high enough to 

j ustify the divers ion of some present research funds . 
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Program funding levels and al location among f ields should be 

readjusted yearly on the basis of close monitoring of developments 

in specific fields . Careful and systematic evaluation of the 

program should be undertaken at appropriate intervals throughout the 

period of its operation . 
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CHAPTER VI . FURTHER CONSIDERATIONS 

The central concern of this committee is to preserve the 

continuity and vital ity of American sc ience and engineering research 

at a time when demographic and other developments threaten to impair 

them . The program recommended in the last chapter aims to meet this 

concern by maintaining the flow of new Ph . D . ' s  into academic 

positions while at the same time encouraging the research efforts of 

outstandi ng present faculty . But it is a mistake , as we argued in 

chapter I I I , to assume that vitality can be equated in any s imple 

way with youth . A continuing flow of new young scholars into 

academic research is one essential component , but not the only one , 

in a strategy to keep academic science and engineering vital . 

This chapter wi l l  address three additional areas related to the 

continued vitality of science and engineering . We examine first 

ways of maintaining the vitality of present faculty r second , 

poss ible consequences of the projected demographic changes for the 

contributions of universities and colleges other than the maj or 

research producers r and , third , recommendations on improved data and 

monitoring of the Ph . D . labor force . 

Maintaining the Vitality of Established Faculty 

An additional component of a strategy to maintain vital ity 

should be programs directed toward established scientists . 

Productivity should be maximized at all ages . It seems only 

sensible to provide additional avenues for learning and st imulation , 

especially at a time when the flow of new people into academia is 

diminishing . 

In the past the NSF has supported research study leaves which 

provide opportunities for established investigators to develop new 
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ski l ls in research methodoloqies . Also funded have been special 

topics workshops and research conference s ,  in which scientists have 

qathered for the purpose of poolinq information on specific research 

endeavors and methodoloqies . These kinds of proqrams encouraqe the 

academic community to take full advantaqe of the special ski l ls , 

knowledqe , and perspectives that result from experience that only 

comes from aqe . The committee feels that continued NSF involvement 

in these proqrams is extremely important , especially durinq the 

upcominq period when it is vital that senior faculty be encouraqed 

to contribute to the functions of innovation and cros s-fertili zation 

that have often come from younq faculty . 

As stated in chapter I I I , one of the maj or functions of younq 

researchers is to provide new starts in research proj ects . The 

committee believes that the NSF could qo further in encouraqinq 

established faculty to pe rform this function throuqh a smal l  scale 

experimental proqram of Career Trans ition Awards . The purpose of 

such awards would be to provide partial NSF support for one year for 

senior faculty members who wish to make a ma j or chanqe in the 

direction of their research or in the nature of thei r  professional 

activities .1f 

The proposed proqram would have the NSF provide hal f  of a full 

year ' s  support for faculty members proposinq to undertake such a 

shift in emphasis . The value of NSF support for a proqram of this 

kind is suqqested by the followinq di scuss ion of developments at 

Stanford University ( Hopkins and Bienenstock , 1 97 5 , P •  45 ) :  

11 NSF may also wish to cons ider providinq partial support for 

more extended leave for proposals that j ustify it . 
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• • • /T/he University has recognized that some 

tenured faculty are makinq less ef fective 
contributions because their fields of 
concentration are less interestinq than they 

were at the time of the tenure decision . In 
many cases these faculty members are hiqhly 
motivated and have the capability to shift 

emphasis into . more interestinq areas , but they 
have not had the opportunity to do so because 
of other demands upon their t ime .  A 

traditional mechanism for achievinq such shifts 

of emphas i s  has been the sabbatical period .  
Unfortunately , Stanford ' s present sabbatical 
policy does not formally provide a mechani sm 
that al lows a faculty member to take off a ful l 
academic year at ful l  pay . Yet ,  it is 

frequently such an extensive period that is 

required i f  a scholar is to make a successful 
shift . There are , of cour se ,  a number of 

outs ide awards that suppl ement pay so that the 
sabbatical can be extended . However , a common 

characteristic of these awards is the 
expectation that the awardee work within the 

field his or her ma j or contributions have been 

made in . Most outside awards do not provide 

funds for faculty members who desire to chanqe 
fields . 

It is the aim of these awards to provide thi s opportunity for 

scientists to shift their career emphasis in a way that cannot be 

done with a traditional sabbatical . 

Candidates for awards would be persons who had demonstrated 

signif icant scienti fic productivity since rece ivinq tenure . 

Administratively , the applicant ' s  institution should aqree to 

provide one-half the applicant ' s  salary for the redirection period , 

and pe rmit the leave , and the host institution/department/sponsor to 

receive the faculty member . NSF awards would cover hal f  the 

applicant ' s  salary for a ful l year , includinq payment of frinqe 

benef its and an 8% allowance for administrative costs on the NSF 

paid portion of the salary , to be paid to the host institution . The 

criteria for NSF support would be the previous record of the 

applicant and the quality of the proposed redirection proqram , as 

evaluated on the basis of a carefully constructed plan submitted 
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j ointly by both appl icant and sponsor . Because of the requirement 

that a candidate for the award have demonstrated s igni f icant 

scientific productivity since receivinq tenure , we would expect that 

relatively few awards would be made to people less than ten years 

from the Ph . D . Also , s ince · a maj or aim of these awards is to 

provide for continued research productivity , it is expected that few 

awards would be made to people very c lose to retirement . 

As previously stated , the committee recommends tpat the Career 

Transition Awards be initially established by the NSF as a sma ll 

scale experimental proqram. This would qive the NSF the opportunity 

to evaluate the effectiveness of such a proqram and to develop 

quidelines and modif ications to increase its ef fectiveness . This 

proqram i s  seen by the committee as one which may assist university 

departments in maintaininq their vitality throuqh the development of 

new re search proj ects . It is also seen as a proqram which wi ll 

provide opportunities for individual scientists to maintain or 

increase their productivity with new research ski l ls . 

Universities and Col leges Other Than the Ma j or Research Producers 

The proqram of Research Excellence Awards described in chapter 

V can be expected to have its major impact at universities and 

colleqes where research is a larqe component of activity . That 

proqram is by no means solely restricted to any "elite" class of 

institutions , and we certainly expect awards to be made to members 

of a wide variety of departments . Nonetheless , the clear aim of the 

proqram is to support the research effort , and some deqree of 

concentration of awards at the major research producers i s  to be 

expected . The REA proqram we have proposed can , we bel ieve , have a 

-122-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


significant effect in maintaining the vigor of the research effort 

in American higher education . 

The larger problem of the impact of the changing enrollment 

picture on the whole of American higher education goes clearly 

beyond the scope of this study . Nonetheless , the problems deserve 

some attention here , especial ly because many institutions which do 

not make ma j or direct contributions to the research effort per form 

tasks which are important to Amer ican science and engineering . 

These institutions play an important role in encouraging young 

people to enter scientific careers .  This can happen a t  the 

undergraduate level , as some students take their first research 

steps , perhaps while writing an honors thesis . And some 

institutions which are not maj or research producers have graduate 

programs in science and engineering , often at the master ' s  level , in 

which students receive good foundations for work in some 

profess ional fields or for later doctoral study . 

Such institutions also play a signif icant role in the 

dissemination of scientif ic results . Sometimes this is accomplished 

through the hosting of regional or national scientific conferences .  

These institutions are often effective in educating the lay public 

and non- science undergraduates about important scientific and 

technological developments . This function i s  vital i f  we are to 

have an informed electorate capable of making rational decisions 

about the future course of society . 

Further it must be recognized that these institutions at times 

include among their faculties researchers o f  great abi l ity who in 

some cases had not been identif ied as such earlier in thei r  careers . 
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Stephen Dresch has argued in a memorandum prepared for this 

committee ( 1 979 ) that such " late identi fication• of research 

performers may be of qreat importance to the health of the 

scientific system. 

Historical ly ,  the underqraduate oriqins of black and other 

minority Ph . D . ' s  have dif fered markedly from those of white Ph . D . ' s , 

includinq in particular unusually heavy representation from black 

colleqes and universities in the South ( see Table III-4 in Gil ford 

and Snyder , 1 97 7 ) . Traininq of black Ph . D . ' s  has also been 

relatively concentrated in a small number of institutions . For 

example , Howard University alone accounted for a siqnificant 

fraction of all the black Ph . D . ' s  produced in the u . s .  in the f ields 

of chemistry , physics , zooloqy , pharmacoloqy and physioloqy between 

the years 1 9 7 3  and 1 97 6  ( Gil ford and Snyder , 1 97 7 , and unpublished 

data from Howard University ) . 

While it may be expected that other institutions will play an 

expanded role in minority Ph . D. production in the future , the 

institutions that have played this role in the past will undoubtedly 

continue to be a maj or source of minority Ph . D . ' s . WOmen ' s  col leqes 

likewise have been historically a major source of women Ph . D . ' s ,  and 

this is likely to continue . These institutions are an important 

national resource which ha s made a substantial contribution to our 

society . 

The impact of the impendinq demoqraphic decl ine is likely to be 

much qreater at many of the institutions we are describinq here than 

it is at the maj or research universities .  The threat to the 

continuity and vitality of their educational mission runs paral lel 

to the analysis of academic research performance earlier in this 
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report . The roles these primarily instruction-oriented universities 

and colleges play in science education and , in some cases , training 

of minority and women Ph . o . • s , are varied and important . The 

committee recommends that the NSF and the u . s .  Office of Education 

recognize these important roles and develop a policy to maintain the 

delivery of these s ignif icant contributions during the next 2 0  

years . This po licy may take the form of special science education 

proj ects aimed at upgrading the scienti fic faculty at these 

threatened institutions , or faculty development grants to specific 

institutions . Programs such as the Biomedical Programs of NIH and 

the Resource Center programs of NSF are extremely important to the 

survival of many of the institutions which have been important in 

the training of minority scientists and engineers . We recommend 

that federal agencies should be encouraged in their ef forts to 

support these institutions . 

Improved Data and Monitoring of the Ph . D .  Labor Force 

Better data and closer monitoring of the academic hiring 

situation are needed in order to maximize the ef fectiveness of the 

polic ies described in earlier chapters and to further advance our 

understanding of developments in the market for young faculty at 

research universities . As we noted in chapter III , the severity of 

the shortage of new positions in a specific f ield of science or 

engineering should be a key determinant of whether that field is 

eligible for the Research Excellence Awards Program, and , if so , of 

how many awards should be made in that field . While existing data 

are adequate to provide indications of the existence and magnitude 

of such a shortage in some broad f ields of science , more complete 

data would be very desirable in actually implementing the proposed 
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policy . Discus sions at the Workshop of Forecasting Specialists 

convened by this committee also revealed important l imitations on 

the adequacy of existing data for the purpose of developing more 

detailed and reliable projection models . 

There are bas ically two potential sources of data about the 

academic hiring s ituation the employers and the employee s 

we recommend improved use of both sources . The employers , of 

and 

course ,  are univers ities and college s .  The per sonnel s ituation in 

academic sc ience and engineering departments , the maj or employing 

units for scientists and engineers at such institutions , is already 

regularly surveyed by the National Science Foundation ' s  Division of 

Science Resources Studie s .� The employees are individual science 

and engineer ing Ph . D . ' s . About 1 0% of them are surveyed biennially 

by the National Research Council ' s  Commiss ion on Human Resources .�/ 

our recommendations center on improving and extending these existing 

data-collection activities rather than beginning new ones . 

Recommendations 

( a ) We recommend that the National Science Foundation ' s  human 

resources survey of academic departments be expanded to include 

questions on numbers of per sons entering and leaving departments . 

The present survey asks about total numbers of persons employed ,  but 

not about j ob turnover . Questions on number and rank of persons 

enterint departments , on number and rank of persons leaving , and on 

employment destination of those leaving ( other academic employment , 

non-academic employment ) or on reasons for separation from the work 

� The NSF Survey of Scientific and Engineering Personnel 
employed at Universities and Colleges . 

� The Survey of Earned Doctorates and the Survey of Doctorate 
Recipients .  
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force ( death , retirement ) should b,e added to the survey . These data 

would make it poss ible to know accurately the number and status of 

persons beinq hired into academic positions annually by field of 

science and by class of institution in formation not now available 

for most fields . The data qathered on sources of vacanc ies in 

academic departments would be he lpful in proj ectinq future openinqs . 

( b ) We also recommend to the Commission on Human Resources 

( CHR) and to the aqencies that sponsor its surveys two additions to 

its present Survey of Doctorate Recipients . First , we urqe that the 

Commiss ion inc lude additional questions on the j ob mobility of 

Ph . D . ' s , both between f ie lds and departments within academia , and in 

and out of academia . Mobility patterns are likely to chanqe 

considerably in response to chanqinq market conditions for Ph . D . ' s  

and , as noted in chapter I I ,  these chanqes in mobil ity rate s may 

have larqe effects on academic hirinq of new Ph . D . ' s . Questions to 

identify those who have recently chanqed jobs and to learn more 

about the nature of and reasons for their j ob chanqe wi ll help in 

monitori nq these deve lopments and in forecastinq academic j ob 

openinqs for new Ph . D . ' s  more accurately . 

( c ) We f urther recommend that the CHR seek fundinq to make
.
it 

possible to survey larqer samples of persons from several recent 

cohorts of Ph . D . ' s  over a period of years and to add questions to 

the survey specif ical ly directed to their employment history and 

opportunities . Career paths and employment patterns are l i kely to 

shift rapidly in the decade ahead , with important implications for 

the numbe r and kinds o f  academic positions becominq available . A 

biennial survey of individua ls from di fferent cohorts over perhaps 
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the first ten years of their careers is an excel lent source of 

information on how these patterns are chanqinq . Such a survey 

should keep close track of the kinds of positions recent Ph . D . ' s  are 

obtaininq within and outs ide of academia , how lonq they keep such 

pos itions , what alternative j ob opportunities they have , and where 

and why they move . To be maximally ef fective in permittinq 

lonqitudinal analysis of individual career paths by field of 

science , such a survey must achieve a s iqnificantly hiqher response 

rate as wel l  as involve a larqer sampl inq rate than the present 

Survey of Doctorate Recipients . While some of the additional costs 

of this more intensive survey could be avoided by appropriate 

coordination with the present survey , we recoqnize that the cost of 

the expanded survey would be substantial . But we believe the added 

cost would be well j ustified , and we attach hiqh priority to this 

recommendation . 

( d ) We wish to express our support for ef forts to improve the 

reliability and sophistication of forecastinq models for the Ph . D .  

labor market . The results of our Forecastinq Workshop suqqest that 

much proqress has been made in recent years , but more remains to be 

done . Several points of special relevance to this committee ' s  

concerns may be worth stressinq . More effective disaqqreqated 

modelinq , to take account of dif ferences amonq fields and sub-fields 

of sc ience and enqineerinq , and also of differences in expected 

developments at dif ferent types of colleqes and universities , would 

be hiqhly desirable . The value of such disaqqreqation was a 

consistent theme at the Forecastinq Workshop . It may be that this 

work can best proceed throuqh efforts at· detailed analysis of 

particular fields , rather than throuqh more extens ive disaqqreqation 
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of wide-scale forecasts l ike that now done by NSF . Further 

improvements in the analysis of the behavioral responses of 

individuals and institutions to changing market conditions , 

inc luding the role of financial incent ive s versus other mot ivation s  

in making career choices , a r e  called for . Especially important in 

this regard is analysi s  of the dif ferential impact of changing 

market conditions on students of different talents and training . We 

currently have no systematic evidence on the crucial question of the 

degree to which the most able potential academic scientists may be 

turned away from careers in basic research by the perception of poor 

employment opportunities . 

These and other poss ible improvements in forecasting models and 

methods are the subj ect of a j oint Commission on Human Resources-

Committee on National Statistics study currently in the des ign 

phase .!/ we encourage this effort to go forward . We also wish to 

express our encouragement for the ef forts underway within NSF ' s 

Division of Science Resources Studies further to improve their 

forecasting work . We note as well the very valuable work done in 

forecasting for particular f ields by experts in those fields , such 

as Lee Grodzins in physics and Richard A .  Anderson in mathematics .  

Such work , sometimes done in con j unction with the relevant 

professional societies , is of great value both in its own right and 

in acting as a prototype for and check on broader studies .  NSF and 

other appropriate agencies should seek to encourage and , where 

appropriate , to support such ef forts . 

!/ Study of Methodologies for Projections of Supply and Demand 
for Doctoral Personnel . 
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( e )  Fina l ly ,  we recommend that data monitorinq procedures be 

established in order to provide information for evaluation of the 

REA proqram . The research careers and publication records of Award 

recipients should be followed , as should those of a sample of 

unsuccessful appl icants . This would provide data on the effect of 

the Award on research performance . Another measure of the proqram • s  

performance can be obtained by trackinq the careers of the younq 

faculty members hired into tenure track positions as a result of the 

REA proqram . Of interest woul d be the numbers eventua l ly receivinq 

tenure , and the ir research per formance . Other relevant data could 

include institut ional clusterinq of Awards . Most of this 

information wil l  be ava ilable from the appl ication and annual report 

documents that are to be submitted by the department whose faculty 

member receives the REA. Follow up studies beyond the term of the 

award and information on unsuccessful appl icants wi l l  have to be 

developed separately . 
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CIIAPl'BR VI I .  CONCLUS IONS AND RECOMMENDATIONS 

Durinq the 1 960 1 s  academic science and enqineerinq faced the 

enormous challenqe of respondinq rapidly and effectively to national 

demands for the traininq of qreatly increased numbers of scientific 

and technical personnel and the performance of an expandinq array of 

research tasks . The challenqes were dramatic , and the univers ities 

responded to them with viqor , imaqination and intelliqence . 

The challenqes of the 1 980 ' s  will be less dramatic , but no less 

real . The need for the next two decades wi ll be to maintain a 

viqorous and effective academic research enterprise under conditions 

of limited qrowth that threaten to reduce the vital ity of academic 

science and to interrupt the critical continuity of the research 

tradition in our major research universities . 

In the last analysis , the challenqe of maintaininq flexibility 

and vitality under conditions of limited qrowth wi ll have to be met 

by the universities and colleqes themselves -- and ultimate ly by 

individual academic sc ientists and enqineers . They wi ll need to 

take for themselves the prindipal actions needed to maintain 

vitality in the university research enterprise . What federal policy 

can do is to support temporary proqrams which will he lp univers ities 

and col leqes durinq a fifteen to twenty year transition period 

durinq which it will be difficult for them to hire normal numbers of 

the hiqhest quality younq faculty . These federal proqrams can only 

succeed if the univers ities themselves are committed to maintaininq 

their own vital ity .  
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The Committee on Continuity in Academic Research Pe rformance 

recommends that : 

A Research Exce l lence Awards Program should be instituted by the 

National Science Foundation . These awards will be given to the most 

promis ing young sc ientists and the most effective and innovative 

established scientists . The partia l salary support rece ived by the 

awardees can then free university funds to hire new faculty in 

anticipation of future retirements and other openings , thereby 

helping ensure an adequate f low of new sc ientists and engineers into 

academic life while permitting the universities to accomplish a 

smoother transition to a balanced faculty age distribution in f ields 

where this distr ibution i s  presently s kewed . The Research 

Excellence Awards program should be operational in 1 98 1  and , based 

on current proj ections , the last 5 -year award would be nece ssary in 

the early 1 99 0 ' s .  The total program cost is estimated to be $ 3 8 1 

mi llion in 1 979 dol lars assuming a 2 0  year period of operation . The 

program , as we have des igned it , is  directed to the NSF , but we 

strongly urge that other federal agencies which support s ignificant 

amounts of research consider developing paral lel programs in the 

areas they support , or that they cons ider participating with NSF in 

providing f inancial support for an expanded version of the REA 

program. 

The program we have proposed is modest in scope and cost . It 

is  not des igned to try to reproduce the growth atmosphere of the 

6 0 ' s , but instead to help academic sc ience to adapt with maximum 

e f fectiveness to the conditions of reduced growth of the 80 ' s  and 

9 0 ' s . Undoubtedly , the universities themselves , as we l l  as 

government and private agencies concerned with research , wi l l  need 
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to take further actions to help in this process of adaptat ion . We 

believe that the Research Excellence Awards Program can serve 

ultimately as a central component in an interactinq qroup of 

programs sponsored by numerous qovernment and private aqencies , a l l  

of which wi l l  need to be strenqthened and made more innovative if 

the challenqe sketched in this report is to be met .  

This proqram i s  i n  no way a ful l scale response to the problems 

posed for all of hiqher education and for society as a whole by the 

demographic roller-coaster this country is ridinq in the last third 

of the twentieth century . We recoqnize that many of these problems 

lie beyond our scope , althouqh we have tried to comment briefly in 

chapter VI on the �portance of additional methods of maintaininq 

vitality for established sc ientists , the possible effects of 

projected demoqraphic chanqes on colleqes and universities other 

than the maj or research producers , and the need for improved data 

and aonitorinq of the Ph . D .  labor force . 

We believe that our proqram of Research Exce l lence Awards wi l l ,  

i f  instituted , enhance the vitality o f  academic research , and hence 

improve the performance of the entire u . s .  research and development 

system duri nq the coainq decade s .  The proqram will he lp to ensure a 

s teady flow of new faculty into research produc inq col leqes and 

univers ities , and thereby foster innovation in research activities ,  

encouraqe the dissemination of new techniques and ideas across 

departments , and increase the flexibility of departments in 

respondinq to shiftinq curricular and research interests . An 

adequate flow of new faculty wi ll also help to preserve a des irable 

continuity across qenerations in the pe rformance of research 

functions and in the traininq of later qenerations of scientists and 
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engineers , fostering a generational interplay which we believe works 

to sustain valuable research traditions and to inteqrate new 

scientists into the social structure of their discipl ines . 

We have , in the course of this committee ' s  work , thought long 

and hard about what makes the scientific process work in our 

respective di scipline s , and how age structures and faculty flows 

bear on those workings . We know how much there is sti l l  to learn 

about these questions . But we are convinced that the threat to the 

system posed by the constricted flow of new faculty is real . It is 

affecting some fields now and it is likely to be felt soon in 

others . we urge the praapt enactment of the recommended program . 
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De a r  

N AT I O N A L  R E S E A R C H  C O U N C I L  
C O M M I S S I O N  O N  1-1 U M A N R E S O U R C E S  

2 1 0 1  Cun•hlullun A venue Wuhinslon, D .  C. 20U I 

Apr i l  3 0 , 1 9 7 9 

FOR PRES I D ENTS OF P ROFESS I ONAL SOC I ET I ES 
AND I N DUSTRY REPRESENTAT I V ES 

I wr i t e t o  yo u i n  my c a pa c i t y a s  ch a i rma n o f  t h e  C om m i t t e e  
o n  Co n t i n u i t y i n  A c a d e m i c Re s e a r ch Pe r fo r ma n c e wh i c h h a s  b e e n  
a ppo i n t ed w i t h i n  t h e  N a t i o n a l  Re s e a r ch C o u n c i l t o  s t ud y  t h e  
f u t u r e d e m a n d  fo r yo u n g  r e s e a r ch e r s  i n  s c i e n ce a nd e n g i n e e r i ng . 
Th e comm i t t e e h a s  b e e n  a s k e d  by t h e  N a t i o n a l  S c i e n ce Fo u nd a t i o n 
t o  a s s e s s  t h e  f u t u r e  d e m a n d  f o r  yo u n g  i n v e s t i g a t o r s i n  e a c h f i e l d  
a nd t o  r e comme n d  p r o g r am s  t h a t  m a y  b e  n e e d e d  t o  e n s u r e  t h e  co n 
t i n u i n g v i t a l i t y o f  r e s e a r ch i n  o u r  a c ad e m i c i n s t i t u t i o n s .  Th e 
s t ud y  i 5  t o  b e  com p l e t e d by Aug u s t  3 1 ,  1 9 7 9 s o  t h a t  t h e  F o u nd a 
t i o n  c a n  co n s i d e r  r e c omme nd a t i o n s  a s  a pa r t  o f  p l a n n i n g fo r 1 9 8 1 . 

O u r  comm i t t e e r e q u e s t s  y o u r  h e l p  i n  t h i s  s t u d y .  A s  a n  i n i 
t i a l  s t e p ,  we w i l l  e x am i n e f o r e c a s t s  o f  d em a nd fo r s c i e n t i s t s  a nd 
e n g i n e e r � d u r i ng t h e  pe r i od f r om n ow u n t i l  t h e  ye a r  2 0 0 0 . Ma n y  
o f  t h e s e f o r e c a s t s  i g n o r e  i m po r t a n t  d i f f e r e n ce s  amo n q  s c i e n t i f i c  
f i e l d s .  Th e r e fo r e  we a r e t u r n i ng t o  you f o r  a ny i n fo r ma t i o n t h a t  
yo u c a n  pr ov i d e  r eg a rd i n g t h e  d em a nd i n  yo u r  pa r t i c u l a r f i e l d .  

I �  ma k i ng t h i s  r e q u e s t , we w i s h  t o  e m ph a s i z e t h e  n e e d  f o r 
q u a n t i t a t i ve i n fo r ma t i o n t h a t  m a y  s e r ve a s  a b a s i s  f o r  p r e d i c -
t i o n . I t  wo u l d  b e  mo s t. h e l p f u l  i f  yo u cou l d  d i r e c t  u s  t o  a n y 
so u r c e s  o f  s u ch d a t a  t h a t  m a y e x i s t i n  yo u r  d i s c i p l i n e o r  p r o v i d e  
u s  w i t h a ny r e po r t s  t h a t  yo u r  o f f i c e m a y  h av e  a v a i l a b l e . Th e 
n a me s  o f  i nd i v i d u a l s  who h a v e  co n d u c t ed i n v e s t i q a t i o n s  i n  t h i s  
a r e a  o r  t o  wh om we cou l d  u s e f u l l y  a d d r e s s  o u r i n q u i r i e s ,  a n d 
r e f e r e n ce s  f o r  a n y o t h e r  r e po r t s  o f  wh i ch y o u  a r �  a wa r e , wo u l d  
a l s o b e  a p pr e c i a t ed .  

We a l s o i n v i t e yo u r  v i e w s  o n  t h e  r o l e  o f  yo u n g  i n v e s t i g a t o r s  
i n  a ca d e m i c  r e s e a r ch i n  yo u r  f i e l d a n d  wo u l d  a p pr e c i a t e  yo u r  a d 
d r e s s i n g t h e  fo l l ow i n g q u e s t i o n s : 

1 .  Wh a t  a r e  t h e  u n i q u e  co n t r i b u t i o n s  o f  yo u n g i n v e s t i q a 
t o r s ? Do e s  t h i s  s ug g e s t  t h a t  t h e r e  i s  a " pr o pe r  pr o po r t i o n "  o f  
yo u ng i n v e s t i g a t o r s  i n  yo u r  f i e l n ?  
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- 2 -

2 .  On wh a t  e v id e n ce d o  you base your con c l u s i on s ?  

3 .  Wh a t  a r e  t h e  i m pl i ca t i on s  o f  pre s e n t  t r e n d s ,  po s s i b l y  
i n c l ud i ng a s t e ad y ag i ng o f  t h e  f a cu l t y , f o r  t h e  prod u c t i v i t y  and 
v i t a l i t y of r e s e a r ch i n  your f i e l d ?  

Any i n forma t i on t h a t  you can prov i d e  pe r t i ne n t  t o  t h e s e  
q ue s t i on s wo u l d  be g r e a t l y  a ppr e c i a t ed . 

S i n ce our commi t t e e  mu s t  d r a f t  i t s  pr e l i m i n a ry r e po r t  by 
J un e , we wo u l d  l i ke t o  r e ce i ve your r e p l y  by m i d -May . Th a nk yo u 
very m u ch fo r yo u r  coope r a t i on i n  t h i s  ma t t e r . We l ook forward 
t o  h e a r i ng from you soon . 

S i n ce r e l y  yo ur s ,  

Robe r t  M .  Bock 
Ch a i rma n 
Comm i t t e e  o n  Con t i n u i t y i n  Acad em i c 

Re s e a r ch Pe r fo rma n ce 
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LIST OF P:ROFESSIONAL SOCIETIES AND CORPORA'l'IafS 
RESPONDING '1'0 LETTER 

American Association for the Advancement of Science 

American Economic Association 

American Federation of Information Processing Societies , Inc . 

American Geological Institute 

American Geophysical Union 

American Institute of Aeronautics and Astronautics 

American Institute of Chemical Engineers 

American Institute of Industrial Engineers , Inc . 

American Mathematical Society 

American Physical Society 

American Physiological SOciety 

American Psychological Association 

American Society of Biological Chemists , Inc . 

American Society of Civil Engineers 

American Society for Engineering Education 

American Society of Mechanical Engineers 

American Sociological Association 

Association of American Universities 

Council of Graduate Schools in the United States 

Engineers Joint Council 

Federation of American Societies for Experimental Biology 

Ford Motor Company 

General Electric COmpany , Research and Development Center 

Honeywell , Inc . 
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Princeton University Office of Research and Project Administration 

Social Science Research Council 

Xerox Corporation , Corporate Research 
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APPENDIX B 

AGENDA OF WORKSHOP FOR SPEC IAL I STS IN FORECASTS OF 

DEMAND FOR SC IENTISTS AND ENG INEERS AND LIST OF ATTENDEES 

REVIEW OF PRJJECT IONS OF DEMAND FOR PH . D .  SC IENT ISTS 

AND EN�INEE RS , BY DONALD HERNANDE Z 
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N AT I O N A L  R E S E A R C H  C O U N C I L  
C O M M I S S I O N  O N  H U M A N  R E S O U R C E S  

2101 Constitution AVftlut Waohinllon. D. C.  JOUI 

COMMITTEE ON FUTURE DEMAND FOR YOUNG I NVESTI GATORS 
I N  SCI ENCE AND ENG I NEERI NG 

WORKSHOP OF SPEC I AL I STS I N  FORECASTS OF DEMAND 
FOR SCIENTI STS AND ENG I NEERS 

APR I L  30 - MAY 1 ,  1 979  

Joseph Henry Bu i l d i ng ,  Room 200A 
2 1 st and Pennsyl vani a Avenu e , N . W .  

Was h i ngton , D . C .  

Chai rman : Frederi c k  E .  Ba l derston 

TENTATIVE AGENDA 

Apr i l  30 , 9 : 00 a .m .  - 1 2 : 30 p . m . 

Papers to be rev i ewed : Ph . D .  Manpower : Empl oyment Demand and Sup�ly 
1 972-1985 , Bureau of labor Stati sti cs , l 97 

Oversupply  of  Ph . D . ' s  to  Conti nue Through 1 985 , 
Bureau of Labor Stati stics , 1 978 
The Overeducated Ameri can and other stud i es ,  
Ri chard Freeman 

Rev i ewers : Neal Rosenthal , Dav i d  W .  Breneman 

Di scus sants : Robert McGi nn i s , Roy Radner 

Apr i l  3 0 ,  1 : 30 p . m . - 5 : 00 p.m . 

Papers to be rev i ewed : Personnel Needs and Tra i n i ng for Bi omed i cal and 
Behav i ora l Research , Nat i onal  Research Counc i l  

Supply  and Demand for Bi omed i cal  Manpower : 1 977 
Su rvey . Prel imi nary Report , Westat , I nc .  

Su pply and Demand for Phys i c i sts , Lee Grodz i ns 

Rev i ewers : Al l en S i nger , Wi l l i am Morsch , lee Grodzi ns 

Di scus sants : Stephen P. Dresch 

Tltr Natiortal lt11rarclt Cowrtcil lt tltr prirtc:ipal oprratirtJ •JrrtCJ o f  tlt1 N•tiortal Aca41"'lf o f  Scirrtcrt •rt4 tlt1 Natiortal Ac•4•mr o f  ErtJirtltrirtJ 
to fiP"VI JOWrrtrrtlrtf artlf otlt1r orJartizafiOrtf 
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May 1 ,  9 : 00 a . m .  - 1 2 : 30 p .m .  

Papers to be rev i ewed : Proj ecti ons of the Supply and Uti l i zat i on of 
Sc i ence and Eng i neeri ng Doctorates , 1 982 and 
1987 , Nati ona l  Sci ence Foundati on 

Preserv i ng a Lost Generat i on :  Pol i c i es to As sure 
a Steady F l ow of You n� Schol ars Unt i l the Year 
2000 , Carneg i e  Counci of Pol i cy Studies in  Hi gher 
Educati on 

Proiect i on s of Educati ona l Stat i st i cs to 1 985-
1 98 , Nati onal Center for Educati on Stati sti cs 

Rev i ewers : Char l es Fal k ,  Charl otte Kuh , Rol f Wul fsberg 

Di scussants : Joseph Froomk i n ,  Ri chard D .  Anders on 

May 1 ,  1 : 3 0  p . m . - 4 : 00 p . m .  

Summary o f  Wor kshop Proceed i ngs  - by Freder i c k E .  Ba l derston , Cha i rman 

General  Di scus s i on 
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NAT I ONAL RESEARCH COUNC I L  

COMM I SS I ON O N  HUMAN RESOURCES 

Workshop of Spec i a l i s ts i n  Forecasts of 
Demand for Sc i enti s ts and Eng i neers 

Apr i l 30-May 1 ,  1 979 

L I STS OF PART I C I PANTS 

Ri chard D .  Anderson 
Department of Mathemat i c s  
Lou i s i ana State Un i vers i ty 

Frederi c k  E .  Ba l derston 

Eve Katz 
Di rector of Federa l Re l a t i ons  

for Graduate Educati on 
Assoc i a t i o n  of Ameri can Un i vers i ti es 

Center for Research i n  Ma nagement Sc i ence Cha r l otte V .  Kuh 
Un i vers i ty of Ca l i forn i a  Graduate Schoo l o f  Educati on 

Harvard Un i vers i ty 

Dav i d  W. Breneman 
Broo k i ngs I n s t i tuti on 

Steven P .  Dresch 
Department o f  Economi cs 
Yal e Un i vers i ty 

Charl e s  E .  Fa l k  
Di rector , D i v i s i on of Sci ence 

Resources Stud i es/ST IA 
Nat i ona l Sc i ence Foundation 

Jo seph Froomk i n  
Joseph Froomk i n ,  Incorporated 

Debra Gera l d  

Robert McGi n n i s 
Department of Soc i o l ogy 
Cornel l Un i vers i ty 

Wi l l i am Morsch 
Wes tat , Inc . 

Roy Radner 
Ha rvard Un i vers i ty 
Kennedy Sc hool of Government 

Nea l Rosenthal 
Bureau of Labor Stat i s t i cs 

Di v i s i on of Po stseconda ry and Al l en M .  S i nger 
Voca t i ona l Educati on Stati s t i c s  Commi s s i on o n  Human Resou rces 

Nat i ona l Center for Ed uca t i on Stati sti cs Nat i ona l Academy of Sc i ences 

Lee Grod z i ns 
Department of Phys i cs  
Ma s sa chusetts I n s t i tute of Techno l ogy 
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��bers of Commi ttee on Conti nu i ty i n  Academi c Research Performance 

Robert M. Boc k ,  Cha i rman 
Dean , Graduate Schoo l 
Un i vers i ty of Wi s cons i n  

Fel i x  E .  Browder 
Department of Mathema t i cs 
Un i vers i ty of Chi cago 

Gus W. Hagg strom 
The Rand Corpora t i o n  

Staff of Commi ss i on o n  Human Resources 

Porter E .  Coggesha l l 
Proj ect Di rector , Study of Post

doctora l s i n  Sc i ence and Eng i neeri ng 

Dorothy �1 . Gi 1 ford 
Di rector , Human Resources Stud i es 

Haro l d  Go l dste i n  
Con s u l tant , Commi ttee on Cont i nui ty 

i n  Academi c Research Perfo rmance 

Other Nati ona l Research Counc i l  Staff 

Edwi n D .  Go l dfi e l d  
Executi ve D i rector 
Commi ttee on Na t i ona l Stat i s t i cs 

Agency Representati ves 

Charl es Di c kens 
Group Di rector , Supp ly a nd 

Educati on Ana l ys i s Group 
Nati ona l  Sci ence Foundati on 

Stan l ey Tures ky 
Offi ce of Pl anni ng and Ana l ys i s  
Nat i ona l Endowment for the Huma n i ti es 
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A REVIEW OF PROJECTIONS OF DEMAND FOR PH . D .  
SCIENTISTS AND ENGINEERS 

Donald J . Hernandez 

This appendix provides a description and evaluation of the 

studies examined at the Workshop for Specialists in Forecasts of 

Demand for Scientists and Engineers convened by the committee . 

The forecasts and projections that were presented and reviewed 

at this workshop may be distinguished along three broad criteria . 

First , some forecasts concern the future demand for scientists and 

engineers , others concern both demand and supply . Second, some 

forecasts cons ider all science and engineering fields in the 

aggregate , others are f ield-specific . Third , the forecasts vary in 

the degree to which demographic and economic factors are 

incorporated into the analysis . This report is organi zed in terms 

of these three criteria . 

Aggregate Science and Engineering Demand 

The aggregate demand for new doctorates in science and 

engineering ( S/E ) was forecast in f ive of the studies reviewed . 

These analyses were conducted by Roy Radner and Charlotte v .  Kuh 

( Radner and Kuh , 1 97 8 1  Kuh and Radner , 1 9 79 ) ,  Richard B .  Freeman 

( 1 976 ) , the National Science Foundation ( 1 979 ) ,  the Bureau of Labor 

Statistics ( BLS 1 97 5 ,  Braddock 1 9 78 ) , and the National Center for 

Education Statistics ( 1 97 8 ) . For each study the ma j or assumptions , 

methods , and results are discussed . Simultaneously , the likely 

accuracy of each forecast or proj ection is evaluated through an 

assessment of the val idity of crucial assumptions , and through 

compari sons with the remaining forecasts . 
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Radner and Kuh 

The Radner and Kuh analysi s  builds directly on the classic work 

of Al lan M. Cartter ( 1 976 ) , Ph . D . ' s  and the Academic Labor Market . 

Both studies concern the demand for new doctoral faculty in 

academia , which is the setting in which the maj ority of scientists 

and engineers pursue their work , and which is also the setting in 

which the maj ority of basic research is conducted . In both studies 

the future demand for new doctoral faculty depends primarily on 

proj ected college enrol lments , and enrol lment changes through time . 

Enrol lments in turn vary mainly in response to the changing size of 

the college age population . Radner and Kuh adopt additional 

assumptions directly from Cartter . These are the constant 

proportion of the prime college age population that is enrolled in 

college , the constant faculty/student ratio , and the constant ratio 

of Ph . D . ' s  to total faculty . Changing attrition rates for j unior 

and senior faculty are employed as assumptions , but rates of 

promotion to tenure are considered to be dependent on market 

conditions and the academic age of the faculty member . Formally , 

the model used in deriving the Radner and Kuh forecast is a Markov 

model with non-stationary transition probabilities . All the Radner 

and Kuh forecast results refer to 4-year colleges and univers ities . 

In a paper prepared for the forecasting workshop ( Kuh and 

Radner , 1 979 ) , Kuh and Radner extended the results of thei� earl ier 

paper ( Radner and Kuh , 1 978 ) by employing more recent data and by 

making estimates specif ically for science and engineering faculty . 

The science and engineering estimates were obtained by scaling the 

time path of total faculty demand to the present size of science and 

engineering faculties , rather than by making independent forecasts 

of science and engineering enrol lment and faculty size . The paper 
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prepared for the workshop also compares their results to the 

National Science Foundation projection result s .  

The Radner and Xuh forecast indicates that the annual demand 

for new science and engineering doctorates in 4-year coll eges and 

universities wil l  drop by about 46\ between 1 978 and 1 985 , wi ll rise 

to roughly its former l evel by 1 98 9 ,  but then wi ll fal l 

precipitously by 1 99 1  to 3 5\ of the 1 978 level ( Xuh and Radner , 

1979 ) . 

Insofar as young scholars and/or continuity in the age 

structure of scientists and engineers are necessary to the health 

and productivity of science , the Radner and Xuh forecasts imply a 

potentially sharp reduction in the vitality of science in the u . s .  

dur ing the next decade . 

Perhaps the most important potential l imitation of the Radner 

and Xuh forecasts is the method of proj ecting college enrollments . 

The forecast assumes that fluctuations in enrollments are determined 

primarily by fluctuations in the size of the college age popul ation . 

But another potentially important determinant of enrollments i s  the 

demand for col lege graduates resulting from change and/or growth in 

the national economy . 

Freeman 

The forecast developed by Freeman rests on assumptions 

regarding both the changing size of th� college age popul ation and 

the economically generated demand for college graduates .  These are 

trans lated into proj ected college enrollment leve ls , which are in 

turn translated into the demand for college and un iversity teachers . 

The model Freeman employs to forecast college enrollments is a 

recurs ive adj ustment model in which the supply of freshman males i n  
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any year depends on the population of 1 8  and 1 9  year old men , on the 

difference between coll ege starting salaries and the average annual 

earnings of al l ful l-time workers , and on the number of f reshmen 

during the previous year . Moreover , the number of bachelor ' s  

degrees awarded depends on the number of freshmen both four years 

earlier and f ive years earlier . Final ly , the starting college 

salaries in any year depend on the number of bachelor ' s  degrees 

awarded the year before , on the demand for college graduates 

( calculated by taking a f ixed-weight index of employment in 46 

industries ) , on the average annual earnings of all f ull-time 

workers , and on the starting college graduate salaries the year 

before . In sum the model for proj ecting the number of college 

entrants depends on both the size of the college age population and 

various measures of economic demand .l/ Feedback mechani sms are 

assumed in the recursive model , and it �s assumed that ma j or 

increases in governmental R & D spending and ma j or changes in the 

structure of the economy are unlike ly . 

on the basis of thi s model , Freeman draws the following 

conclusions regarding col lege enrol lments , and hence the market 

demand for new Ph . D . ' s . "The proportion of young men choosing 

col lege wil l  stabilize in the mid- 1 97 0 ' s ,  after having fal len from 

the peak of the late 1 960 ' s ,  and rise in the 1 98 0 ' s  in response to 

the market upturn .  Because the population o f  college age wil l  be 

small in the 1 980 ' s ,  however , total enrollments will still drop , 

which wil l  act to depress the market for Ph . D .  and master ' s  

graduates unt il the late 1 980 ' s  ( 1 987 ) . "  

11 See Smith and Welch ( 1 979 ) for a revi ew of Freeman ' s  work 
which suggests that care be exercised in interpreting the role of 

economic variables in the model forecasting college enrollments . 
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In other words , taking into account both demographic changes in 

the s i ze of the college age population and the interaction between 

col lege enrol lments and various economic trends , Freeman draws 

essentially the same conc lus ions as those of Radner and Kuh . The 

annual demand for new Ph . D . ' s  to teach in col leges and universities 

wi ll deteriorate during the 1 980 ' s . Unfortunately for present 

purposes , Freeman does not provide numerical estimates , the 

magnitude of which might be compared to the estimates developed by 

Radner and Kuh . The overal l  nature of the trends in the two sets of 

estimates do , however , correspond . Since somewhat different 

modeling procedures were employed in developing these estimates , 

this correspondence may be seen as providing evidence that the 

proj ected trends wi l l  materialize , unless ma j or economic changes 

and/or new government pol icies intervene . 

Nationa l Science Foundation 

The NSF ' s  forecasts dif fer from the preceding forecasts in 

three notable respects . Fi rst , the NSF forecas ts the demand for S/E 

doctorates ,  rather than all doctorates .  Second , the NSF develops 

separate forecasts for each of the broad f ields wi thin S/E , and 

combines the results to obtain an aggregate forecast .  Third , the 

NSF forecasts the demand for S/E doctorates in higher education and 

in other sectors of the economy , rather than in the higher education 

sector alone . 

In proj ecting the demand for new Ph . D .  faculty the NSF takes 

into account the effect of col lege enrollments as measured by 

proj ected baccalaureate degrees .  The attrition of current faculty 

through death and retirement is also incorporated into the 

proj ection procedures .  In order to forecast the total demand for 
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col lege faculty , the NSF regresses ful l-time academic staff on 

various measures of baccalaureates awarded to provide an estimate of 

the historical relationships among the variables . This historical 

model i s  then applied ,  assuming the upward trend in the number of 

bachelor ' s  degrees awarded between 1 965 and 1 976 wi ll continue 

through 1 987 , at one-half the pre- 1 976 rate . The resulting est imate 

of total demand for facul ty is then combined wi th the assumptions 

noted above to forecast the future demand for new Ph . D . ' s  and the 

future age distribution of the faculty in higher education . 

Radner and Kuh assume that the decl ining number of people in 

the prime college age population wi l l  generate substantial decl ines 

in enrollment , which in turn wi ll produce a sharp drop in the demand 

for new Ph . D .  faculty . Freeman , taking account of both the 

declining number of people in the college age population and the 

likely , effect of economic trends , similarly concludes that college 

enrol lments and the demand for new Ph . D .  faculty will fall . The 

NSF , however , as sumes that the number of bachelor ' s  degrees ( and 

presumably total college enrol lments ) will continue to rise ( though 

more slowly ) despite the demographically generated decl ine in the 

prime college age population . 

In a special study prepared for the forecasting workshop , NSF 

provided rough calculations of the impl ications of their overall 

model of faculty demand for the proportion of recent Ph . D . ' s  on S/E 

faculties . Despite their greater optimi sm about enrol lments ( as 

wel l  as about the faculty-student ratio and the proportion of 

Ph . D . ' s  on faculties ) ,  NSF concurs with Radner and Kuh in 

forecasting s ignificant aging of facul ties by 1 987 . Quantitatively , 

however , they proj ect a somewhat smaller decline in the proportion 
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of young faculty than Radner and Kuh and Freeman expect . Radner and 

Kuh proj ect that the proportion of young faculty wi ll decl ine by 

about 33\ , and , while Freeman does not make a numerical forecast ,  

his approach would l i kely lead to a proj ected drop about that large . 

The NSF , in contrast , forecasts a 20\ decline . 

It appears that the situation as forecast by Radner and Kuh and 

as forecast by Freeman is more likely than the situation as forecast 

by the NSF . The NSF s imply assumes continued increases in college 

enrol lments , while Radner and Kuh derive college enrol lment 

forecasts from demographic changes which we know wi ll occur , and 

Freeman derives his forecasts from these demographic changes in 

conj unction with the potential effect of continuing economic trends . 

There are additional differences between the NSF model and the 

Radner and Kuh model . These involve differences in de finitions , 

data , and underlying parameters . In the paper Kuh and Radner ( 1 979 ) 

wrote for the forecasting workshop , they developed three additional 

forecasts with their general model . One was based on the Commiss ion 

on Human Resources data base , and two employed the NSF ' s data . The 

three forecasts varied little in their assumptions , exc�pt that one 

of the NSF-based forecasts took as given the implicit linear changes 

in the faculty stocks proj ected by the NSF for 1 977 , 1 982 , and 1 987 . 

A comparison of the new Radner and Kuh forecast based on CHR 

data with one of the new NSF forecasts confirms that the maj or 

difference between the original NSF model and the Radner and Kuh 

models is that the NSF assume s enrol lments wi l l  increase linearly 

( with corresponding changes in the demand for faculty ) ,  while the 

Radner and Kuh model al lows enrollments to respond to demographics . 

A further compari son of this new Radner and Kuh forecast with the 
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other new NSF forecast shows that when the NSF model is altered to 

allow enrollments to respond to demographics , the t ime trend of new 

faculty hires from the NSF model paral lels , though general ly at a 

higher level , the time trend of new faculty hires of the Radner and 

Kuh model . 

The comparative asses sment of the assumptions and results of 

the models and forecasts discussed to this point suggests that a 

maj or dec line in the hiring of new faculty and a consequent 

discontinuity in the age distribution of faculty wi ll emerge within 

the next decade . 

Bureau of Labor Statistics 

The BLS projects the demand for Ph . D . ' s  by field for academic 

and various non-academic settings . Overal l ,  the BLS data indicate 

that the percentage of Ph . D . ' s  employed in educational institutions 

wil l dec line from 7 2 . 6\ in 1 972 to 6 5 . 7\ in 1 985 . This shifting 

distribution of Ph . D .  employment is proj ected to occur through 

growth in all sectors with the non-academic sector growing more 

rapidly . 

Two somewhat independent methods are employed in developing 

these proj ections . Non-academic demand is proj ected by applying 

trends in the distribution of ,Ph . D . ' s  relative to total workers in 

specific occupations to the BLS occupational proj ections derived 

f rom its bas ic proj ection model of the u . s .  economy . Academic 

demand for Ph . D . ' s , on the other hand , was proj ected primarily on 

the basis of NCES projections of degrees granted . The 

degrees-granted proj ections are combined with assumptions regardi ng 

the future pupil- faculty ratio , the future doctorate-faculty ratio , 

and death and retirement rates , to obtain the proj ected demand for 

new Ph . D . ' s  in academia . 
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Because the proj ected academic demand for Ph . D . ' s  rests 

primarily on NCES proj ections of college degrees granted , the demand 

proj ections are evaluated concurrently with the NCES proj ections 

below . At this point suff ice it to note that the BLS demand 

proj ections for 1 98 5  fall within 1 \  of the NSF projections for 1 987 , 

and the field-specif ic demand proj ections of the BLS lie within 1 0\ 

of the NSF proj ections for all fields except mathematics where the 

dif ference is about 2 5 \ . Some of these rather modest differences 

may , of cour se , be due to differences in definition . 

National Center for Education Statistics 

The NCES proj ections are derived annually through 1 986- 1 987 and 

pertain to full- and part-time faculty in all institutions of higher 

education , including 2-year institutions . Although these 

proj ections refer to all faculty , whether or not they have earned 

the Ph . D . , they can be translated into the demand for Ph . D .  faculty 

by applying doctorate-faculty ratios , as was done by the BLS . 

The NCES faculty proj ections depend to some extent on attrition 

rates , but primari ly on proj ections of total enrollments i n  

institutions o f  higher education . ( The degrees-granted projections 

used by the BLS are der ived by the NCES by calculating the degrees 

granted as a percentage of the enrol led col lege population by age 

and sex . These percentages are then applied to the enrollment 

proj ections to estimate future degrees granted . Since the proj ected 

number of degrees is closely related to the proj ected number of 

students enrol led , comments on enrollment proj ections are appl icable 

to the degree pro j ections . Hence , the conclus ions der ived for the 

NCES proj ections also apply to the BLS proj ections which depend 

heavi ly on the NCES degree projections . )  
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College enrollments are proj ected by the NCES with three 

alternative assumptions regarding age-speci fic enrollment rates . 

The low assumption is that the average age-specific enrollment rates 

for 1 975-76 will continue without change . The h igh assumption i s  

that the rates wi l l  rise along their 1 966-76 trend through 1 986 . 

The intermediate assumption lies midway between the low and high 

assumptions . These assumptions regarding the trend in age-specific 

enrol lments are crucial in determining the proj ected enrollment 

levels because of the way in which they mesh with demographic trends 

in the age structure of the population . Between 1 966 and 1 976 there 

was a rapid rise in the age- specific enrol lment rates of the 

population beyond the pr ime college ages . The NCES proj ections 

assume that the relatively high 1 976 level wi l l  be maintained or 

will increase at s o '  to 1 0 0, of the 1 966-7 6 pace . 

When these assumptions are combined with the fact that the 

children of the baby boom will be aging beyond the pr ime college 

ages to produce sharp increases in the size of the older population , 

the result is that the NCES proj ections imply substantial increases 

i n  col lege en�ol lments between now and 1 987 . 

These projected increases depend on speci f ic sorts of 

enrol lments , however .  The rising age-specific enrollment rates of 

the older population between 1 966 and 1 976 occurred in large part 

through rapid rises in the propOrtion of older people who attended 

2 -year colleges , and through rapid rises in the proportion of older 

people who were part-time students . In other words ,  the NCES total 

enrollment projections are particularly sensitive to potential 

( assumed ) changes in the number of part-time students and to 

- 1 6 2-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


potential ( assumed ) changes in the enrollment in 2 -year 

institutions . 

Hence , i f  part-time students were ignored , the NCES proj ections 

imply that college enrol lments would change little or would decline 

somewhat by 1 986 . Moreover , i f  only 4-year institutions are 

considered , ful l-time attendance would drop by between 634 , 0 0 0  and 

765 , 0 0 0  between 1 97 7  and 1 986 , and total attendance woul d also drop 

by between 1 1 , 0 0 0  and 84 1 , 0 0 0 .  On the other hand , total enrollment 

in 2 -year institutions is proj ected by the NCES to increase by 

between one-half million and three million with most of the increase 

occurring in part-time attendance . 

The NCES assumptions that produce the increase in part-time 

enrollments and the increase in 2-year college enrol lments are , 

however , of questionable validity . For example , Cartter ( 1 97 6 ,  6 1 ) 

states , " ( t ) his observer is skeptical about the proj ected continued 

relative growth in 2 -year college enrollments . During a period of 

rapid growth it was logical to assume an expanding market share for 

the public community college s .  However , a s  enrollments begin to 

contract it seems unlike ly that the 2-year col lege wi ll be almost 

immune from this trend . "  I f  cartter is correct , then the validity 

of the central NCES assumption is in doubt ,  as are the pro j ected 

values that follow from it . 

In addition , proj ections of the demand for new Ph . D .  faculty 

that depend primarily on enrollment proj ections that , in turn , 

depend primarily on substantial increases in pro j ected enrol lments 

for 2 -year institutions appear to be of l imited usefulness in the 

context of assessing impl ications for research vitality because the 

Ph . D . ' s  who are hired at 2-year colleges engage in little bas i c  

research . 
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Final ly , as noted above , the BLS demand projections depend on 

the NCES pro3ections of degrees awarded . Because the proj ected 

number of degrees awarded depends on NCES proj ected enrol lments , the 

BLS proj ections are subj ect to the same l imitations as the NCES 

proj ections . 

This interpretation i s  supported by the c lose correspondence of 

the BLS and the NSF demand proj ections , because , a lthough on 

dif ferent grounds , it was argued above that the NSF proj ections also . 
tend to exaggerate faculty demand . Since the BLS demand proj ections 

are based on enrollment proj ections that appear to exaggerate future 

enrollments , the BLS demand proj ections may also exaggerate future 

faculty demand . In short , the evaluations of the relative quality 

of the f ive sets of faculty demand proj ections presented here 

provide an internal ly consi stent assessment of the forecasts . 

In sum this evaluation suggests that the demand for new S/E 

faculty in col leges and univers ities wi l l  fall sharply between 

roughly 1 980 and 1 990 . For purposes of proj ecting demands for 

faculty at 4-year colleges and universities , the two best estimates 

of the magnitude of the drop are those derived by Radner and Kuh 

from CHR data and those derived by Radner and Kuh using data that 

was also employed by the NSF . As noted above , these two sets of 

proj ections follow roughly the same t ime trend line s , but at 

different levels of magnitude . Both proj ections imply a relative 

dec line in the hiring of new S/E doctorates of 45-50\ between 1 978 

and 1 984 or 1 98 5 , fol lowed by a rise in 1 989 to roughly the 1 978 

l evel , fol lowed by a more precipitous descent by 1 9 9 1 to only 24-35\ 

o f  the 1 978 level . Not unti l 1 996 or 1 997 is the 1 978 level 

achieved again . 

-164-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


Aggregate Science and Engineering Supply 

Turning to the issue of supply , two of the studies reviewed at 

th� workshop develop proj ections of the future supply of new and 

total S/E Ph . o . • s . The pro j ections were developed by the National 

Center for Education Statistics ( 1 978 ) and the National Science 

Foundation ( 1 979 ) . The Bureau of Labor Statistics ( BLS , 1 97 5 1  

Braddock ,  1 978 ) reports proj ections , in somewhat different form , 

provided by the NCES .  

National Center for Education Stati stics 

The NCES projections of new doctor ' s  degrees for 1 976-7 7 

through 1 986-87 are derived by taking into consideration two maj or 

factors . The f irst factor i s  the proj ected population 

representative of the age distributions of degree recipients , by 

sex . The second factor is the percentage of that population 

proj ected to earn doctorates . The latter factor is cruc ial in 

determining the magnitude of the proj ected number of new doctorates . 

Three proj ections are develope d .  The first projection assumes that 

the relevant population during the entire proj ection period will 

earn doctorates at the same rate that the re levant population earned 

doctorates in 1 975-7 6 .  The second proj ection assumes that the 

1 960-6 1 through 1 97 5-76 trend in the percentage earning doctorates 

will continue . The inte rmediate projection is the average of the 

other two proj ections . For men the percentage earning doctorates 

decreased between 1 960-6 1 and 1 975-7 6 . Hence , the intermediate 

proj ection assumes that over the proj ection period the percentage of 

the relevant age groups of men earning doctorates wi ll decline at 

hal f the 1 960-6 1 to 1 975-76 rate . ( For women , the percentage 

earning doctorates is proj ected to increase . )  
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At least for men ( who constitute the maj ority of doctorates )  

the intermediate assumption may produce an estimate of the supply of 

new doctorates that i s  too hiqh , because it fail s  to take into 

cons ideration the poss ible market response of potential Ph . D . ' s  to 

the sharp decline in the demand for new Ph . D . ' s  in academia ,  which 

was implied by the projections of demand di scussed above . In fact 

the intermediate proj ection assumes instead that at least for men 

the 1 960-6 1 to 1 975-76 rate of decl ine in the percent earninq 

Ph . D . ' s  wi l l  s lacken , rather than increase . But if the analysis of 

the demand for new Ph . D . ' s  above is correct it seems likely that the 

supply of . new Ph . D . ' s  wil l  slacken more than is suqqe sted by the 

intermediate NCES pro j ection of supply . In other words , i f  

potential Ph . D . ' s  respond to the likely drop i n  demand , the supply 

of Ph . D . ' s  may be substantially less than that proj ected by the 

NCES . 

National Science Foundation 

In proj ectinq the total supply of S/E doctorates in 1 982 and 

1 987 the NSF takes into cons ideration the attrition ( death , 

retirement , or voluntary withdrawal from employment ) of existinq 

Ph . D . ' s , as wel l  as inter-field mobility , immiqration and 

emiqration . In addition , the number of new Ph . D . ' s  is pro j ected . 

The supply of new Ph . D . ' s  is projected usinq assumptions reqardinq 

the percentaqe of baccalaureates enterinq qraduate school , and the 

percent of qraduate school enrollees earninq doctorates . Market 

forces are assumed to affect these percentaqes .  Specifically , the 

demand for Ph . D . ' s  is used in proj ectinq the percent of 

baccalaureates enro l linq in qraduate school and the percent of 

enrollees earninq doctorates .  Because the NSF supply proj ections 
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take into consideration the operation of market forces , they may 

provide a more realistic estimate of the future supply s ituation 

than do the NCES proj ections which do not take the like ly market 

response of potential Ph . D . ' s  into cons ideration . 

However , underlying the proj ection procedure are the ba�ic 

assumptions concerning the number of baccalaureates in future years . 

The baccalaureate proj ections used are those developed by the NSF 

and reviewed above in the section concerning the demand for Ph . D . ' s . 

As discus sed above , the proj ection of the number of baccalaureates 

suffers the limitation that it assumes that the number of bachelor ' s  

degrees awarded during the proj ection period wi l l  continue to grow 

at one-half the pre- 1 976 rate , despite the impending drop in the 

prime col lege age population . If , as was argued above , the fai lure 

to take into account this demographic fact produces bachelor ' s  

degree proj ections that are too high ,  then the Ph . D .  proj ections 

that depend on them wi l l  a l so be too h igh ,  and consequently the 

supply of Ph . D . ' s  is overestimated . 

In sum both the NCES and the NSF proj ections apparently 

overestimate the future supply of S/E Ph . D . ' s . A comparison of the 

NCES and ( and BLS ) results to the NSF results shows that they all 

imply roughly the same future supply of S/E Ph . D . ' s . Apparently , 

then , the l imitations of each proj ection are such that they produce 

roughly the same magnitude of overestimates of future supply of 

Ph . D . ' s  for S/E in the aggregate . 

The Aggregate Supply-Demand Balance 

One important question regarding the overall supply and demand 

of S/E Ph . D . ' s  remains . Wi l l  the supply exceed , equa l , or fall 
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short of the demand?!/ This analysis of the relative val idity of 

the demand projections suggested that the demand , at least in 

academia , wil l  fal l sharply during the next decade . Un fortunately , 

the studies that der ived this result do not also proj ect the future 

supply of doctorates in S/E .  Instead , only the NCES ( 1 978 ) , the BLS 

( BLS , 1 97 5 1  Braddock ,  1 9 78 ) , and the NSF ( 1 979 ) produced or reported 

proj ections of both supply and demand . It was argued above , 

however , that the demand proj ections of the NCES , the BLS , and the 

NSF are probably too high , mainly because underlying assumptions 

regarding future college enrol lments are probably too high .  I t  was 

a lso argued, though , that the supply proj ections of the NCES , the 

BLS , and the NSF are probably too h igh .  

I t  should be noted that , a lthough all the forecasts apparently 

suf fer an upward bia s , the source of the biases in both the NSF 

demand proj ections and the NSF supply projections is the same . 

Hence , in a compari son of the demand and supply proj ections of the 

NSF , because the effect of these biases may be roughly the same in 

each proj ection , the dif ference between the supply and demand 

proj ections may accurately reflect the actual future dif ference . 

Moreover , the NSF supply proj ections take account of the operation 

!/ The NSF study compares numbers of S/E Ph . D . ' s  to " science 
and engineering uti l i zation " of Ph . D . ' s . The BLS projection 
compares the proj ected production of new S/E Ph . D . ' s  to the 
proj ected growth of " traditional employment• for Ph . D . ' s in science 

and engineering. There i s  controversy about whether production of 

Ph . D . ' s  in excess of the number of traditiona l j obs for such persons 

necessarily implies that more Ph . D . ' s  are being produced than i s  
social ly desirable , since it may b e  that the " excess "  Ph . D . ' s  wi l l  
make good use o f  their skills and training in " non-traditional " 
employments . In this appendix , we follow the terminology of the 
studies under review . BLS refers to Ph . D . ' s  in non-traditiona l 
employment as " underemployed" ' NSF refers to the same category as 
• non S/E uti l i zation . "  
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of market forces in the Ph . D .  production process , adding realism to 

the supply projections that is absent from the NCES and BLS 

proj ections . The NCES and BLS supply and demand proj ections 

apparently suffer upward biase s , and these biases act to cancel each 

other to at least some extent . Hence , the dif ference between the 

demand and supply proj ections of NCES and of the BLS may also 

ref lect the actual future dif ference fairly wel l . If so , the supply 

of new S/E Ph . D . ' s  may exceed the demand for new Ph . D . ' s  by about 

25% ( NSF proj ection ) and as much as 40% ( BLS proj ection ) . In other 

words , about 2 5% but perhaps as much as 4 0% of the new S/E Ph . D . ' s  

between 1 97 6  or 1 97 7  and 1 98 5  or 1 987 may be unable to enter 

positions that a l low them to exercise the skills and knowledge 

reflected in their S/E doctoral training . 

Ana lyses for Specific Fields 

Of course specific fields may vary greatly from the general 

trend . Attention turns to the broad f ields within science and 

engineering . 

Biomedical/Life Sciences Demand and Supply 

Four sets of proj ections of the demand and supply of 

biomedical/life sciences personne l were presented at the forecasting 

wor kshop . These proj ections were developed by the Bureau of Labor 

Statistics ( BLS , 1 97 5 ,  Braddock , 1 978 ) , the National Science 

Foundation , the National Research Council through its Committee on a 

Study of National Needs for Biomedical and Behavioral Re search 

Personnel ( National Research Council , 1 9 78 ) ,  and Westat , Inc . ( 1 978 ) 

under & . contract from the National Institutes of Health . 
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The proj ections prepared by the BLS for the biomedical/life 

sciences were developed with essential ly the same proecedures that 

were used in preparing the overal l  S/E projections discussed above . 

One assumption not noted above i s  that these field-specific 

proj ections are derived from the NCES proj ections of degrees " based 

on the assumption that the percentage distribution of degrees by 

f ield wi ll continue the 1 960-6 1 trends through 1 986-87 . "  Because 

the procedures used are identical ,  the asses sment of the BLS 

estimates presented above appl ies to the field-specific proj ections 

as wel l . The above assessment suggested that proj ections of the 

demand for faculty may be too large , but that proj ections of the 

supply of new Ph . D . ' s  may a l so be too large . It is possible then 

that the dif ferences between the proj ected supply and demand may be 

roughly accurate . The results of the BLS study indicate that 

between 1 976 and 1 985 f rom 3 1 % to 48% of the new biomedical/l ife 

sciences Ph . D . ' s  will not be employed in positions requiring the 

level of expertise they have obtained , that is , demand wi l l  fall 0 
short of supply . 

The same may be said of the NSF proj ections . The overall 

estimates of the future supply and demand for S/E Ph . D . ' s  were 

developed by summing the f ield- specific estimates which were derived 

by the methods outlined above . Hence , the discussion for S/E in 

general applies to the life sc ience proj ections , that i s , both the 

proj ected demand and the proj ected supply of life scientists are too 

large . Nonetheless it may be that these upward biases are of 

s imilar magnitude . I f  so the difference between the demand and 

supply proj ections are roughly accurate . The results of the NSF 

-170-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


study ind�cate that by 1 987 1 6% of the total supply of l ife s cience 

doctorates will not find employment suited to their educational 

attainments . This is compared to an estimate for the total l ife 

science doctorate labor force derived by the BLS of 20% in 1 98 5 .  

Since the dif ference between the demand and supply estimates of 

th NSF for the total life science labor force i s  less than the 

corresponding BLS estimate , it is reasonable to assume that the NSF 

estimate for new l i fe science Ph . D . ' s  ( it cannot be calculated 

directly from information in the NSF report ) is about one- f ifth less 

than the BLS estimate . I f  so , the NSF estimates imply that between 

25% and 38% of the new l ife science doctorates between 1 977 and 1 987 

will be underemployed . 

The third set of proj ections of the demand/supply situation for 

life scientists was conducted by the National Research Counc i l . The 

NRC study proj ects the like ly demand for bioscientist& ma inly on the 

bas i s  of R & D expenditures and bioscience enrollments in colleges 

and universities . In each case a range of assumptions was employed 

to derive a range of estimates for 1 977- 1 98 3 .  The assumptions 

regarding enrol lments ranged from a low of 0% growth , to 2% annual 

growth , to a high of 5% annual growth . This i s  compared to a growth 

rate from 1 96 1  to 1 97 5  of almost 7% per year , which was s l ightly 

above the 6% rate for total enrollments in colleges and 

universities . The NRC report considers the 2% growth rate most 

likely . Although college enrol lments may fall substantially during 

the next decade , for the 1 977- 1 983 period covered by these 

proj ections enrol lments are unlike ly to fall much due to 

demographics and 0% growth is probably a reasonable lower l imit . 
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Life science R & D expenditures in colleges and universities 

were also projected with high ,  medium , and low assumptions . The 

medium assumption was derived by extrapolating the slower rate of 

growth in R & D that began in 1 96 8 .  Without further information on 

future government actions this is the most reasonable assumption . 

The preceding assumptions were combined with faculty-student ratios 

and estimates of faculty attrition to derive academic demand for 

bioscientist& . Furthermore , the NRC assumed that the annual number 

of new positions in government and industry was like ly to continue 

unchanged . 

The NRC study did not formally derive a proj ection of the 

li kely number of new Ph . D . ' s  in the life sciences but s imply noted 

that the number of new doctorates per year had remained fairly 

constant at about 3 , 20 0  per year between 1 97 2  and 1 97 7 ,  with a 

slight dip in 1 97 7 .  For purposes o f  comparison the NRC assumed this 

trend would continue unchanged . 

The proj ections derived on the basis of the medium assumptions 

imply that 34' of the new life science doctorates emerging during 

the projection period wil l  not be able to f ind permanent employment 

traditionally requiring their level and field of training . This 

corresponds closely to the estimates implicit in the NSF proj ections 

and is within the range of the BLS estimates . All these estimates 

imply that a substantial surplus of life science doctorates wi ll be 

created during the next few years . 

Two additional comments on the NRC study should be made . If 

potential Ph . D . ' s  respond to this potential market s ituation by not 

earning their degrees ,  the surplus would be reduced . On the other 

hand , if the demand for new doctorates in academia is less than 

implied by a 2' growth in enrollments , then the surplus would be 
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larger than proj ected . In any case , it seems unlikely that the 

demand for doctorates will expand rapidly enough and/or that the 

supply of new doctorates wi l l  fall quickly enough �o avert 

underemployment for a substantial portion of new life science 

The final study of biomedical manpower was conducted by Westat , 

Inc . under contract with the NIH . The aim of this study is somewhat 

dif ferent from those above . Instead of attempting to proj ect supply 

and demand over an extended period based on the preceding period , 

this is a cros s-sectional study referring to one point in time which 

attempts to determine whether in 1 977 there was a surplus or 

shortage of new non-clinical biomedical doctorates . The results of 

this study contradict those of the preceding studies by suggesting 

that there exists a shortage , rather than a surplus , of new 

biomedical Ph . D . ' s . There is reason to doubt these conclusions , 

however . The study is based on a sample s urvey and r e-survey of 

organizations that train bioscientist& , organi zations that employ 

bioscientist& , and persons who were likely to complete their Ph . D .  

o r  postdoctoral training by October , 1 977 . 

In April ,  1 97 7 ,  questionnaires were sent to employers asking 

their expectations regarding openings . The follow-up questionnai re 

ma iled in October , 1 97 7 ,  as ked whether or not the positions had been 

fil led , and if not why not . 

Similarly a questionnaire was sent to identify people who had 

or were expected to f inish their doctorate or postdoctoral work 

prior to October , 1 97 7 .  A follow-up questionnaire was sent to 

determine whether the identified people had finished their Ph . D . ' s  

and postdoctorates ,  and if so , what their j ob status was .  
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The inference that there is a shortage of non-clinical 

biomedical doctorates was drawn by comparing the number of unf illed 

vacancies in OCtober to the number of program completer& who were 

still seeking positions in OCtobe r .  The number o f  unf illed 

positions for which suitable candidates had not been found was 

estimated to be 1 , 56 0 ,  while the number of completers still seeking 

positions was estimated at 476 . The difference between the two is 

the inferred shortage of non-clinical biomedical scientists . 

It appears like ly ,  however ,  that the apparent shortage i s  not 

an actual shortage but results instead from the way in which 

postdoctorate studies are treated by Westat and from some 

peculiarities of interpretation . 

First , there is a question regarding the number of vacant 

positions . It seems likely that at any given t ime a certain number 

of vacancies wil l  exist due to market friction , that is , given the 

amount of time it takes to f i ll a position with a suitable candidate 

( pe rhaps an average of 3-4 months of search and decision-making 

time ) it seems likely that at any particular t ime some , perhaps 

substantial , number of positions wi ll be unf i l led . In fact , 20\ of 

the positions that were vacant due to a fai lure to find a suitable 

candidate were f irst reported in OCtober , suggesting that they had 

been available for only a short time . Since the time for f illing 

the positions was so short , it seems likely that the short search 

time rather than the unavailability of suitable candidates per � 

provides the reason that the positions were unfil led in OCtober . If 

so , the number of positions that were truly vacant after a 

reasonable search period shoul d be estimated at 20\ less than the 

Westat estimate of 1 , 56 0 .  The more reasonable estimate would be 

1 , 248 positions . 
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The second potential problem with the Westat study i s  the 

treatment of postdoctoral positions . Postdoctoral positions are 

interpreted as representing part of the demand for biomedical 

scientists , in spite of the fact that they are usually relatively 

temporary positions ( 1  to 3 years ) that are designed as an extension 

of the educational process .  I t  may be more reasonable , then , to 

treat postdoctoral positions as an extension of graduate training 

rather than as positions equivalent to assistant professorships or 

other permanent positions . I f  this reasoning is sound , postdoctoral 

positions should be el iminated from the Westat estimate of the 

number of positions that had not been filled for lack of a suitable 

candidate . A total of 584 such pos tdoctoral positions were inc luded 

in the original estimate . If we reduce this by 20' ( under the 

assumption that 20' of these positions also appeared too recently 

for a complete search to have been performed ) ,  the figure is 467 . 

If this figure i s  subtracted form the 1 , 248 positions estimated 

above , the number of postions that had not been f illed due to lack 

of a suitable candidate is reduced to 78 1 .  

Questions of interpretation also arise. regarding the estimated 

number of young bioscientist& who can be considered to be seeking or 

in need of a permanent pqsition commensurate with their educational 

attainments . The questions revolve around the def inition of 

postdoctoral enrollments , the definition of non-research po sitions 

held by research scientists ,  and the interpretation of the fai lure 

of some people who expected to complete Ph . D . ' s  or postdoctorates by 

October to actually complete when they expected . 

Beginning with the issue of non-completer& , Westat s imply 

assumes that these people should not be considered part of the pool 
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of people who are looking for positions . This is formally true , 

since these people have not completed their Ph . D .  or their 

postdoctoral work ,  but it may be that i f  the j ob market does not 

appear promising to those f inishing their Ph . D . ' s  or postdoctoral 

training , then some of them might postpone completing their studies 

for , say , a year with the hope that the j ob ma rket wil l  improve in 

another year . The number of people involved might be substantial . 

Of the 5 , 062 people who expected to complete their Ph . D . by October , 

1 , 576 or 3 1 '  failed to do so . While this may reflect poor foresight 

on the part of the Ph . D .  candidates ,  the percentage is so large that 

some of it may be due to a poor market situation . If only 1 0' of 

those who expected but failed to comple�e their Ph . D .  in October did 

so because of a poor j ob marke t ,  then the number of people who would 

have wanted a position in October , but had in this sense given up by 

postponing completion of the degree , would be 1 57 people .  If this 

is added to the 4 7 6  seekers estimated by Westat the total des iring 

employment would be increased to 6 3 3 .  

The same argument might be applied t o  those who expected but 

failed to complete their .postdoctoral training . Of the 2 , 606 peopl e 

who expected to complete s uch training , 7 0 3  or 27' failed to do so . 

Again , some may postpone completion with the hope of an improving 

j ob market the following year . If 1 0' of those who expected but 

failed to complete their postdoctoral training fall into this 

category , then the total number desiring employment ,  but unable to 

find it would be increased by 7 0  to 7 0 3 . 

Another area of ambiguity concerns completers who entered 

positions that were not research positions . Westat apparently views 
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such people as part of the natural loss of highly trained 

researchers to non-research act ivities .  It is conce ivable , however , 

that some of the ocmpleters entered such positions because they 

could not find the sort of research positions they des ired , i . e . , 

they gave up the search and settled for non-research positions . 

Three hundred thirty two or 1 1 \ of those leaving non-clinical 

doctorate programs entered such non-research positions , and 378 or 

23\ of those completing pos tdoctoral programs entered non-research 

positions . If it is assumed that 1 0\ of those entering non-research 

positions were forced to do so because of a lack of research 

positions , the number is 7 1  people , which if added to the preceding 

estimate implies that 774 biomedical scientists would have been 

unable to find employment within their competencies by October , 

1 97 7 , if they had continued looking. 

Finally , to extend this sort of reasoning a bit further , Westat 

assumes that all the people who enter pos tdoctoral positions do so 

because they desire further training , and not because it provides 

them with a holding pattern from which to wait for improved j ob 

prospects . But one might alternatively assume that postdoctoral 

positions act as a holding station for Ph . D . ' s  who cannot find other 

suitable emplyment . If so , some proportion of the 1 , 4 1 6  Ph . D . ' s  who 

finished non-clinical doctoral programs and who entered . 

postdoctorates should be considered part of the October , 1 977 

Ph . D . ' s  who would be seeking employment in more permanent pos itions 

that were unavailable . If 1 0\ of these new doctorates are in such a 

situation the total number of j ob seekers would be est imated at 9 1 6 ,  

while if 50\ of these doctorates are in such a situation the 

estimated total j ob seekers should be placed at 1 , 482 . 
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One indicator that suggests that this interpretation of the 

postdoctoral pool is appropriate is the fact that 3 0 8  Ph . D . ' s  who 

had been in postdoctoral programs at the beginning of the study had 

dec ided to re-enroll in the same or another postdoctoral proqram by 

October , 1 97 7 .  This represents 1 3\ of all new enrol lees in 

postdoctoral programs . 

It also represents 1 9\ of all Ph . D . ' s  who compl eted 

postdoctoral programs during the period . In other words one out of 

every five Ph . D . ' s  who completed a postdoctoral program dec ided not 

to pursue a more permanent position , but rather to pursue further 

postdoctoral training . One might ask whether this sort of process 

would be operating if there were a s evere shortage of young 

bioscientist& in comparison to available positions . If this instead 

reflects a surplus of Ph . D . ' s ,  the number of doctorates seeking 

permanent positions should be boosted above the preceding estimate 

of 1 , 482 . 

Final ly , one additional fact suggests that postdoctoral 

training is actually a holding station for Ph . D . ' s  who cannot f ind 

permanent positions . Taken at face value , the f lows into and out of 

postdoctoral training programs that are re flected in the Westat data 

imply that postdoctoral enrol lments grew by 79 1 people during the 

study period ( an earlier Westat paper implies a qrowth of 3 1 0  

people , and the NRC study indicates postdoctoral growth of 497 

between 1 97 6  and 1 97 7 ) . TRe question arise s , if there is indeed a 

severe shortage of biomedical scientists , why is the number of 

postdoctoral students qrowing so rapidly? With a strong demand for 

bioscientist& one might expect them to be drawn into the presumably 

more lucrative , desirable , and permanent positions . The substantial 
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increase in postdoctoral appointments suggests , on the other hand , 

that more permanent positions are s imply not available for all who 

desire them . If so , the estimated number of Ph . D . ' s  in the 

biomedical sciences who would seek employemnt , i f  they believed they 

might f ind it , would be boosted considerably above the preceding 

estimate of 1 , 482 . 

In light of this analysis , two alternative , contradictory 

interpretations of the Westat data are poss ible . First , as in the 

Westat study it may be assumed that postdoctoral positions should be 

cons idered primarily as a genuine part of the demand for 

biosc ientist& , and Ph . D . ' s  in postdoctoral positions should be 

considered to be employed , and not part of a surplus labor force . 

Under this interpretation , the shortage of biosc ientist& is 

1 , 560 - 476 = 1 , 084 positions as of October , 1 97 7 . 

on the other hand , i f  postdoctoral positions are viewed as a 

refuge for Ph . D . ' s  who can ' t find suitable employment , i f  

non-completer& are a t  least partly viewed a s  not completing because 

suitable employment is not ava ilabe , if those entering non-research 

positions are viewed as doing so partly due to a lack of suitable 

employment , and i f  some unf il led positions are viewed as inevitable 

market friction , then the westat data imply a substantial surplus of 

bioscientist& as of October , 1 97 7 ,  with perhaps 78 1 unf illed 

positions and at least 1 , 482 Ph . D . ' s  who are looking or woul d be 

looking for such positions if they believed them to be available . 

According to this interpretation , the apparent shortage of 

biosc ientist& is instead a surplus of pos tdoctoral pos itions 

combined with a hes itancy by near Ph . D . ' s  to complete their degree 

because of a lack of permanent positions and with the movement of 
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substantial numbers of biosc ientist& away from the kind of research 

activities for which they are trained . 

The Westat data in and of themselves cannot resolve these 

dif ferent interpretations .  Instead , sources of outs ide information 

must be souqht . The three studies by the BLS , and NSF and the NRC 

are of course available , and on the basi s  of time series data , they 

conclude that the demand for new l ife science doctorates is 

substantially below the supply . The concurrence of the conclusions 

of these three studies on the basis of extended time series data 

suqqests that the interpretation of the Westat data proposed here is 

more appropriate than that provided by Westat . 

Physical Sciences Demand and SupplY 

Three sets of proj ections of demand and supply for physical 

scientists were presented at the forecastinq workshop . · These were 

developed by the Bureau of Labor Statistics , the National Sc ience 

Foundation , and Lee Grodzins ( 1 979a , b , c )  of the Massachusetts 

Institute of Technoloqy . The BLS projections include overal l  

estimates for the phys ical sciences and separate estimates for 

physics and chemistry . The NSF projections are for the physical 

sciences in their entirety ( inc ludinq chemistry , earth science , 

phys ics , qeoloqy , meteoroloqy , astronomy , metal lurqy , qeophysics , 

and pharmaceutical chemistry ) . The Grodzins proj ections are for 

traditional physics and astronomy . 

The BLS proj ections for the physical sciences and physics and 

chemistry were prepared with the procedures discussed in earl ier 

sections . Hence , the above asses sment applies ,  that i s , both the 

demand and supply estimates are probably too large , but the 

dif ference between them may be reasonable . The BLS proj'ections 
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suqges t  that 1 0 ' of all doctoral physical scient ists , ' '  of chemists 

and 30' of physicists will not f ind traditional employment by 1 98 5 . 

Similarly , the NSF proj ections for the physical sciences use 

the procedures outlined and di scussed above . The comments on the 

NSF work pre sented above apply here , that is , both supply and demand 

may be overestimated but the dif ference between the two may be 

reasonable . The NSF s tudy estimates that 9' of the total labor 

force of doctoral physical scientists wil l  not be employed in 

positions traditiona l ly held by such people in 1 987 . This i s  quite 

close to the BLS proj ection of 1 0' in 1 98 5 . 

The f inal proj ections for the physical science s , prepared by 

Grodzins ( 1 9 79a , b , c ) , are concerned only with physicists and 

astronomers . To calculate the future d�nd for these physical 

scientists Grodzins takes into cons ideration death , retirement , 

miqration out of physics for the current labor force , and the 

upqradinq of positions , and assumes a modest qrowth rate of 1 '  per 

year in demand . On the supply side , Grodzins assumes constancy in 

baccalaureate production and in the ratio of baccalaureates to 

Ph . D ' s .  He also considers immiqration and emiqration , and mobility 

in and out of the field . The results of the analysis imply that 

about 20' of the new Ph . D . ' s  in physics and astronomy wi ll not f ind 

positions suited to their education . 

This 20' estimate is much less than the BLS e stimate of 5 1 '  to 

1 1 3, . The dif ference lies in the fact that Grodzins proj ects a 

somewhat qreater supply than the BLS and considerably more demand 

than the BLS . From the information provided at the forecastinq 

workshop it would be di fficult to reconcile these two sets of 

projections which dif fer considerably not only in the results but 
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also in the procedures employed and perhaps in de finitions employed 

as well . Although the magnitudes involved in the two estimates 

dif fer considerably , it is noteworthy that both proj ections imply 

that new Ph . D . ' s  will face a s evere shortage of appropriate 

pos itions at least unti l  the mid- 1 980 ' s ,  and that both suggest the 

demand in academia wi l l  fall far below the supply through the 

1 980 ' s .  

Engineering Demand and SupplY 

Two sets of proj ections of the demand and supply for doctoral 

engineers were presented at the forecasting workshop . These were 

prepared by the BLS and the NSF . As with other BLS f ie ld-specific 

projections di scussed above , pro j ect ions for engineering probably 

overestimate both supply and demand to some extent . The NSF 

proj ections for engineers are dif ferent from those developed for 

other discipl ines , however ,  in that engineering baccalaureates are 

projected us ing a market re lated method that allows the number of 

degrees to respond to the demand for baccalaureate engineers . The 

importance of market forces in dete rmining the supply of 

baccalaureate engineers implies that the NSF model is probably more 

aQequate than the BLS model in de scribing engineering demand and 

supply . 

Unlike the precedi ng field-specific cases , the results obtained 

by the BLS and the NSF are contradictory . The BLS data suggest that 

the s ituation for engineering Ph . D . ' s  will shift f rom an 1 1 \ surplus 

of doctora l  engineers in 1 976 to a shortage of 9\ in 1 985 . On the 

other hand , the NSF proj ects that the 6\ surplus of doctora l 

engineers in 1 97 7  wi l l  rise to a 1 9\ surplus by 1 987 . In 

reconc iling these dif ferences , it may be noted that Freeman reports 
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a set of proj ections developed at MIT which imply that first year 

enqineerinq enrollments will fall substantial ly between 1 978 and 

1 984 . This miqht be expected to produce decl ines in the hirinq of 

doctoral enqineers as colleqe faculty with a sl iqht laq . These 

market related data were developed at the MIT Center for Po licy 

Alternative s , as were the deqree proj ections employed by the NSF as 

inputs to its proj ections . Because the NSF proj ections incorporate 

market forces as described above , they may be more adequate than the 

BLS proj ections which do not consider the action of the market on 

academia . If  so , i t  seems reasonable to conc lude that there will be 

at least a sliqht and perhaps a substantial surplus of doctoral 

enqineers by the mid- 1 980 ' s . Nonetheless ,  because the market for 

Ph . D .  enqineers is so volatile and so heavily influenced by 

non-academic demands which are very difficult to pro j ect , forecasts 

of the market for enqineers are probably even more uncertain than 

those for other fields . 

Mathematics Demand and Supply 

Two of the studies reviewed in the forecastinq workshop 

developed proj ections of the demand and supply of doctora l 

mathematicians . The Bureau of Labor Statistics proj ections depend 

on the procedures described above . Hence , the precedinq qeneral 

assessment applies to mathematics as well . The BLS proj ections 

indicate that by 1 985 30\ of the doctoral mathematics labor force 

wi l l  not be found in employment traditional to thi s qroup . This is 

compared to 2 5\ in 1 976 . Moreover , the BLS proj ections imply that 

between 42\ and 88\ of the new mathematics doctorates between 1 976 

and 1 985 wi l l  not be in traditional employment by 1 985 .  
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The other proj ection for mathematics was developed by the NSF . 

The procedures used are the same as those described ear l ier , except 

that the total number of Ph . D . ' s  on mathematics faculties is assumed 

to remain rouqhly unchanqed . The results obtained by the NSF are 

broadly similar to those of the BLS , thouqh the maqnitudes are 

dif ferent . The NSF projections indicate that underemployment of 

doctoral mathematic ians wil l  rise from 6\ in 1 977 to 2 1 \ in 1 987 . 

Despite the dif ferences in the maqnitudes of the estimates , 

both indicate a substantial dif ference between the demand and supply 

of doctoral mathematicians durinq the next f ew years with demand 

fal linq far short of supply . 

Social Sciences Demand and SupplY 

The Bureau of Labor Statistics , the National Science 

Foundation , and the National Research Counc il have developed 

proj ections of the demand and supply of social scientists . 

The BLS pro jections were derived with procedures identical to 

those described above , and conclusions drawn above apply here as 

well . The BLS proj ections imply that by 1 985 the level of 

underemployment of doctoral social sc ientists wi l l  rise to 27\ 

compared to 1 2\ in 1 97 6 .  The projected s ituation for new social 

science doctorates between 1 976 and 1 985 is that by 1 985 between 4 1 \  

and 54\ wil l  be underemployed . 

. The proj ection procedures of the NSF for the social sc iences 

are s imilar to those for other f ields except that total social 

science faculty size is assumed constant . Accordinq to the NSF 

proj ections the percentaqe of underemployed social science 

doctorates wil l  rise from 1 3\ in 1 977 to 1 9\ in 1 987 . As was the 
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case for mathematics , the magnitude of the shortfa l l  in demand 

proj ected by the NSF is less than that proj ected by the BLS but the 

trends are s imilar . 

The f inal proj ections for the social sciences were derived by 

the NRC ' s Committee on a Study of National Needs for Biomedical and 

Behavioral Research Personnel . The NRC der ives a series of 

proj ections on the basis of a range for each maj or assumption . The 

growth rate of undergraduate enrollments is assumed to be 0 \ ,  2 . 0 \ ,  

or 3 . 5\ .  A range o f  assumptions for faculty/student ratios i s  also 

used . Under the medium set of assumptions , and f urther assuming 

that non-clinical Ph . D .  production in the social sciences wi l l  

remain constant , the NRC proj ects that between 1 976 and 1 98 3  the 

percentage of new doctorates who wi l l  be underemployed is about 3 3\ . 

Although the caveats discussed with regard to the NRC proj ection s  

for the l i f e  sc iences apply here a s  we l l , i t  is notable that , 

although the magnitude of the shortfall in the demand for social 

scientists in the NRC proj ections is less than in the BLS 

proj ections , the BLS , NSF , and NRC projections all depict the same 

general trend , substantial underemployment of doctoral social 

scientists . 
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APPENDIX C 

REVIEW OF THE LITERATURE ON THE RELATIONSHIP BETWEEN AGE 

AND SCIENTIFIC PRODUCTIVITY , BY BARBARA F .  RESKIN 
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A REVIEW OF THE LITERATURE ON THE RELATIONSHIP BETWEEN 
AGE AND SCIENT IFIC PRODUCTIVITY 

Barbara F .  Raskin 

For almost half a century students of science have been 

interested in whether scientists •  age . af fects the qual ity or 

quantitiy of their scientific contributions . Because almost all of 

the empirical studies of this question have been flawed 

methodological ly ,  unequivocal evidence on the existence , strength 

and form of the relationship between age and scientif ic product ivity 

is sti l l  lacking . In this review several methodological problems 

that vitiate most of the work on the impact of age on scientists • 

productivity are discus sed . Some general findings on the 

relationship between age and scientif ic productivity based on data 

that are aggregated across sc ient ific disc iplines are then 

summarized and s everal poss ible theoretical models of the form of 

the relationship are presented . Fina l ly , results for several 

scientific disciplines are revi ewed , and some tentat ive conclus ions 

are presented regarding the probable impact of scientists • age on 

their scientif ic product ivity .  

Early work by Lehman ( 1 936 , 1 944 , 1 9 5 3 ) supported the commonly 

held belief that scienti fic performance dec lines as scientists age .  

However ,  Lehman ' s  work has been criticized on methodological grounds 

( Denni s ,  1 9 56a , 1 956b , 1 956c , 1 966 r Cole , 1 979 ) . Rather than 

comparing the proportions of sc ientists in each of his age groups 

who made important discoveries to see whether they diminish over 

time , Lehman asked what proportion of impor tant discoveries was made 

by scientists of dif ferent age s . Thus he implicitly and erroneously 

assumed an equal proportion of sc ientists in each age group . In 

fact , the growth of science over the last two centuries me3ns that 
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scientists are disproportionately younq, so proportionately more 

discoveries should be made by younq scientists even if aqe has no 

effect . A second problem with Lehman ' s  work is the effect of life 

span on the distribution of the achi evements of scientists at 

various aqes .  Accompl ishments by sc ientists who die younq are 

necessarily made by younq scientists . Had they survived , some of 

them probably would have produced additional important work at older 

aqes as wel l .  Thus , i f  all scientists were equally lonq- l ived , 

Lehman would presumably have observed more scientific achievements 

by older scientists . 

Several other methodoloqical problems characteri ze most 

empirical work in this area . Firs t ,  many studies used measures of 

association that assume a linear relationship when in fact evidence 

indicates that the relationship is non-linear . Second , most studies 

have considered only the bivariate relationship between aqe and 

productivity , iqnorinq other variables ( e . q . , orqani zational 

context ) that undoubtedly affect the form of the relationship . 

Discipline is often iqnored , and recent research by Bayer and Dutton 

( 1 97 7  -- reviewed below ) demonstrates the existence of disc ipl inary 

dif ferences . Third , in the absence of true lonqitudinal data , 

distinquishinq between aqe and qeneration ( cohort ) effects is 

problematic , since both could produce the same pattern of dec lininq 

productivity amonq older cohorts of sc ientists . 

Fourth , dif f i culties involved in measurinq scientific 

performance are of ten iqnored . Neither of the most common measures 

-- recent article and citation counts -- may whol ly capture the 

phenomenon of interest . On the one hand , article production may 

decline over time as scientists chanqe their publication patterns 
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without any decline in the qual ity of their sc ientific 

contributions . C itation counts ,  on the other hand , presumably 

reflect both the cal ibre of scientists ' work and their professional 

vis ibility ,  which i s  partly a function of non-performance-related 

factors such as the prestige of their academic department . Other 

measures of scientific performance such as lifetime contributions 

are more seriously flawed . Bayer and Dutton ( 1 97 7 ) show the 

dependence of age-performance curves on the criterion selected . 

Fifth ,  many studies of the relationship between age and 

scientific performance fail to assess the amount of variance in 

productivity that is uniquely attributable to age . Where this is 

reported , age accounts for an inconsequential proportion of the 

variation in productivity . Although this can be due to 

misspecif ication of the prediction model ( either improper 

specification of the form of the relationship or fai lure to include 

all appropriate predictors ) ,  more likely it ref lects the 

unimportance of age relative to other factors ( such as the cal ibre 

of scientists ' training , their propensity to publish , their ear ly 

research experience , their place of employment , and the availabil ity 

of resoUrces and rewards for research r Reski n ,  1 97 7 ,  1 978 ) that 

affect whether or not sc ientists continue to carry out and publish 

research as they age . 

Final ly , the generalizabi lity of even the most robust f indings 

is dubious , in view of the omitted intervening variables that might 

account for any association between age and productivity . If , for 

example ,  older scientists publish less because they are 

disproportionately recruited for administrative r�sponsibilities , as 

the number of older scientists increases , a smaller proportion of 
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them would be subject to competing administrative obligations , and 

the association would be attenuated . Taking into account primary 

activity during the period performance is observed is obviously 

essential . 

Studies Based on Aggregated Data 

In their study of doctoral scientists employed in research and 

development laboratories , Pelz  and Andrews ( 1 966 , rev . ed.  1 976 ) 

found two peaks in several measures of scientific performance 

( including " scientific contributions " and published and unpublished 

papers ) ,  although the slump occurred earlier for those in research 

( 45-49 ) than in development ( ages 50-54 ) .  The authors believed that 

motivational changes were more likely to be respons ible for the 

mid-career slump than the assumption of admininstrative 

responsibilities . Elsewhere in the study they showed that at least 

moderate administrative loads did not interfere with scientists • 

output . 

Blackburn , Beyhmer , and Hall ( 1 978 ) examined the association 

among Ph . D .  holders who were faculty members at 4-year colleges and 

universities . Among those in high-prestige institutions , they 

observed the "spurt-obsolescence" pattern ( Bayer and Dutton , 1 977 ) 

-- a bimodal " saddle-shaped" curve which Lehman also reported much 

earlier . Productivity was highest for scientists in their late 30 ' s  

and late 40 ' s ,  with a slump in the intervening years . However , the 

bimodal pattern did not occur among scientists at lower-prestige 

institutions . 

Although this review excludes studies restricted to eminent 

scientists ( e . g . , Roe , 1 965 ) , data Zuckerman ( 1 977 ) presents on 

age-specific annual productivity rates for Nobel Laureates and a 
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matched sample of non-Laureates are of interest . Both qroups showed 

the bimodal pattern described above , althouqh the peaks for the 

Laureates are a half a decade later than those for the members of 

the matched sample ( and , of course , the Laureates outproduced the 

matched sample at every aqe ) . 

Models of the Relationship between Age and Productivity 

Perhaps the most sophisticated research on the relationship 

between aqe and scientific performance is that of Bayer and Dutton 

( 1 977 ) .  It uses 1 972-73 American Council on Education data for over 

5 , 0 0 0  doctoral teachinq faculty from seven scientific fields to 

assess six alternate models of the relationship for eight measures 

of productivity : recent articles , lifetime articles , books , number 

of works cited in the 1 973  Science Citation Index , pure research 

orientation , time spent in research , number of j ournal 

subscriptions , and time spent consultinq . Reasoninq that the linear 

model miqht misspecify and hence underestimate the strenqth of the 

actual relationship , the authors test the linear model and five 

alternative models for qoodness of fit to the data . The six models 

which are shown in Fiqure 1 are : 

1 .  linear or cumulative qrowth : Y • a +  bX ( where Y equals 

the productivity measure and X equals aqe ) r 

2 .  declininq rate of increase , which re flects the "aging" 

hypothesis that performance tapers off over time , such that 

Y • a + b loq X 1  

3 .  level inq out function , which also reflects the "aging" 

hypothesis , but with a plateauinq ef fect of age such that 

Y = a - b ( 1 /X ) J  

4 .  obsolescence function , a parabolic function i n  which 

performance peaks and then declines , either because scientists lose 
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their "vigor" or because the declining returns to performance reduce 

scientists • incentive to do research. Here , 

s .  spurt function , a bimodal distribution that overlays the 

expected effects of the academic reward system on the direct aging 

effects to yield two peaks -- one during the early creative years 

and a second ten to fifteen years later . Here , 

6 .  spurt-obsolescence function bimodal distribution i n  which 

the second peak is followed by a decline in performance , such that 

Although the authors present analyses for both aggregated data 

for all seven fields as we ll  as data disagqregated by f ield , for 

none of their eight productivity measures did the same model provide 

the best f it for each of the seven fields . He�ce , generalizing from 

the results for one discipline to another may often be 

inappropriate . 

The Relationship between Age and Productivity 
within Selected Disciplines 

There are several reasons to expect field differences in the 

relationship between age and scientific productivity . Fields differ 

in the length of doctoral training and hence in the age at which 

students typical ly complete their Ph . D . ' s , they differ in the extent 

to which research is a collaborative enterprise , in j ourna l 

acceptance rates and publication time , and in the form in which 

publications typically appear . They also differ in their degree of 

codif ication ( Zuckerman and Merton , 1 9 7 2 , p. 30 3 ) ,  that is , the 

extent to which empirical knowledge is consolidated into succinct 
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theoretical formulations or the degree to which practitioners share 

consensus on what the important questions are and how they can be 

solved . Zuckerman and Merton hypothesize that the degree of 

codif ication in a field should affect the ease with which young 

scientists learn research questions and appropriate techniques and 

hence the extent to which they do not need long experience to become 

competent practitioners .j/ Finally ,  fields differ in the extent to 

which techniques learned in graduate school are subject to 

technological obsolescence . 

Physics 

Bayer and Dutton ( 1 9 7 7 ) report a weak spurt-obsolescence 

pattern for recent publications among a sample of Ph . D . holding 

college and university teaching faculty ( see Figure 2 )  with age 

accounting for less than 2\ of the variance in recent output .  On a 

sample of physicists from Ph . D .  granting departments , Cole ' s  ( 1 979 ) 

results from a study of academic scientists in s ix fields employed 

in Ph . D .  granting institutions show an obsolescence pattern among 

the physicists with mean article productivity peaking between the 

ages of 40 and 4 4 ,  and then declining steadily to S S\ of its peak 

level among older cohorts .  

Physicists • mean number of citations did not show the same 

obsolescence pattern . Rather thay were about equally high about 

three per year -- for physicists aged 3 5  to 39  and those over 60 , 

1/ Cole ( 1 979 ) points out that codification should also affect 
the extent to which there is consensus in a field on what findings 
are important and that siqnificant discoveries �an be readily 
identified as such , but although this may affect the relationship 
between age and professional recognition , it should not influence 
the relationship between age and productivity . 
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but less than half as high for physicists between 45  and 49 , thus 

displaying a spurt pattern . 

Differences in the results for article productivity in the 

compositions of the two samples might account for the discrepancy 

for physicists nearing the end of their careers ,  since the less 

productive older scientists in Bayer and Dutton ' s  more heterogeneous 

sample might have been more likely to abandon teaching and research 

positions earlier than more productive researchers .  I f  so , those 

faculty remaining would show an apparent upsurge toward the ends of 

their careers . As Bayer and Dutton showed , the patterns for 

articles and citations typically differ . 

Allison and Stewart ' s  ( 1 974 )  aggregate analysis of data for 

faculty at Ph . D .  granting departments showed increasing inequality 

in the distribution of scientific productivity among older cohorts 

of physicists . This is consistent with sociologists of science 

( Cole and Cole ,  1 97 3 ) "accumulative-advantage" hypothesis that holds 

that maintaining scientists • productivity over time is primarily a 

function of the availability of resources and other professional 

rewards which themselves are more unequaly distributed as cohorts 

Astronomy 

As part of a larger study on peer review , the National Science 

Board ( 1 977 ) identified 85 significant advances ( " innovations " )  made 

by four disciplines during the past 2 0  years ( as judged by 

non-random samples of scientists selected from the four fields ) . In 

addition to exploring funding patterns that led to the innovative 

work , they considered the characteristics of the investigators 

credited with the work . Of the 2 1  innovators in astronomy , 52% were 
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under 35  years old, although in 1 973 only 32\ of doctoral 

astronomers were under 3 5 .  While the proportions are not strictly 

comparable since the 52\ refers to the investigators • age at the 

time the innovation was made ( up to 2 0  years earlier ) ,  the bias is a 

conservative one because fields have been growing younger rather 

than older for most of this period . This finding and those for the 

other three f ields ( chemistry , earth sciences , and mathematics ) 

reported below lend some support for the belief that the most 

creative work is done disproportionately by young scientists . 

Mathematics 

Stern ' s ( 1 978 ) analysis of data on 43 distributed 

university-based mathematicians and of . mathematicians elected to the 

National Academy of Sciences showed a spurt function among the 

university mathematicians , with the peaks for both single- and 

co-authored papers between the ages of 35  and 39 and after age 60 , 

and the nadir between 45 and 49.  Analysis of citations showed a 

spurt-obsolescence function , with declines for mathematicians 

between 45 and 49 and over 6 0 .  She suggests that administrative 

obligations that scientists assume in their 40 ' s  may account for 

their productivity slump during that period . 

Cole ' s  ( 1 979 ) analysis of longitudinal data for a 25-year 

period for about 500  university mathematicians who received their 

Ph . D . ' s  in the late 1 940 ' s  showed a slight spurt-obsolescence 

pattern , with peaks 5-1 0 and 1 5-20 years after the Ph . D . , although 

Cole concluded that "productivity does not differ significantly with 

age . "  He found that the proportion who published at least one paper 

and received at least two citations over each 5-year period was 
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quite stable over the 2 5  years ( 1 4\- 1 7\ ) , while the proportion who 

published nothing increased over t ime from 38\ to 6 1 \ . Hence , 

correlations between the number of publications in various 5-year 

periods were moderate , ranging from 0 . 6  to 0 . 8 , depending on the 

amount of intervening time . Analysis of ages at which 

mathematicians published papers that elicited at least f ive 

citations suggests that the ability to produce highly cited work , 

while uncommon among sample members , was probably unrelated to age , 

although the data for university mathematicians who are over 60  are 

not reliable . 

A study of  scientific innovations conducted by the National 

Science Board ( 1 977 ) , on the other hand , showed that 55\ of 1 8  

" innovations" in mathematics over a 20-year period were by 

scientists under 3 5 ,  a group that included only 39\ of al l 

mathematicians . This finding offers some support for the widely 

held belief that the creative work in mathematics is done 

disproportionately by younger scientists . 

Consistent with their hypothesis that productivity is  closely 

tied to the scientific reward structure , which itself generates 

increasing inequality over time , Allison and Stewart ( 1 974 ) found 

increasing inequality in article productivity among older cohorts of 

mathematicians . 

Chemistry 

COle ' s ( 1 979 ) data showed an obsolescence pattern in mean 

article productivity with peak productivity between the ages of 40  

and 49 . Mean number of citations showed a spurt pattern : chemists 

in their early forties and over fifty received the most citations 

( an average of at least one a year ) while those 35 to 39 and 45 to 
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49 received less than 0 . 7  citations on the average . The National 

Science Board ( 1 977 ) study of innovations found that young chemists 

made a disproportionate number of the 1 7  innovations judges reported 

in the field of chemistry over the past 2 0  years ( 5 3\ compared to 

their representation as 33\ of practitioners ) .  

Allison and Stewart ( 1 974 ) observed the same pattern of 

increasing inequality among their synthetic cohorts of chemists that 

they found for physicists and mathematicians . 

Chemical engineering 

Unlike most of the disciplines they examined , the relationship 

between age and article production in Bayer and Dutton ' s  ( 1 977 ) 

sample of chemical engineers was of the spurt form, peaking about 

ten years after the Ph . D . and at the end of the career ( see Figure 

3 ) . However , age accounted for only 4\ of the variance in 

productivity . 

Biochemistry 

The biochemistry faculty Bayer and Dutton ( 1 977 ) studied were 

the only group whose publication patterns showed a s imple 

obsolescence curve , consistent with a deleterious effect of aging on 

productivity . Their peak was slightly later than that for the other 

s ix disciplines , occurring at about the middle of the career ( see 

Figure 2 ) . However , age was a poor predictor of article 

productivity ( R  = -0 . 1 57 ) ,  accounting for only 2\ of the variance . 

Biology 

No individual-level analyses on the relationship between age 

and productivity among biologists could be located . The pattern for 
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biologists in Al lison and Stewart ' s  ( 1 974 ) aggregate- level analysis 

differed from those for physics , chemistry , and mathematics , in that 

it showed only a very slight increase in article inequality as the 

synthetic cohorts "aged . "  The authors suggest that this may be due 

to lower consensus among biologists on important research questions 

and poorer communication among practitioners ,  which could inhibit an 

efficient allocation of rewards according to merit , so that 

scientists best able to convert resources into future performance do 

not accumulate them . 

Earth sciences 

The age-productivity association among the earth scientists 

Bayer and Dutton ( 1 977 ) studied was of the spurt-obsolescence form , 

with the first peak slightly more pronounced than the second ( see 

Figure 2 ) . The data fit the curve better for earth scientists than 

for most of the other fields they examinedr but age still  accounted 

for only 7\ of the variance in article productivity . The National 

Science Board study of innovations mentioned above found that young 

researchets were overrepresented among those who had made important 

innovations in the earth sciences . Although researchers under age 

35  constituted only one-quarter of the discipline , they were 

credited for 37\ of the innovations . 

Geology 

According to Cole ( 1 979 ) ,  both the mean numbers of articles and 

citations of geologists showed an obsolescence curve . Both peaked 

for geologists between 40 and 44 years old , and declined sharply 

after age S O .  
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Psychology 

The psychologists whom Cole ( 1 979 ) studied showed a similar 

pattern to that of the geologists , except that the peak productivity 

period began earlier , extending from ages 35  to 4 5 .  O n  the other 

hand, the experimental psychologists in the Bayer and Dutton ( 1 977 ) 

study showed a spurt-obsolescence pattern for articles published in 

the past two years , with a fairly strong decline among those who had 

had their Ph . D . ' s  about twenty to twenty-five years ( see Figure 2 ) . 

The difference in specialty distributions or institutional locations 

of members of the two samples could account for the discrepancy in 

their results . 

Economics 

The results for Bayer and Dutton ' s  ( 1 977 ) economists were quite 

similar to those for the experimental psychologists , except that the 

first peak appeared among slightly younger scientists and the length 

of time between the two peaks was correspondingly greater ( see 

Figure 2 ) . The data for the experimental psychologists f it the 

curve marginally better than did those for the economists 

( R' s  = 0 . 27 1  and 0 . 27 7 ,  respectively ) .  Thus , in neither field did 

age account for more than 7\ of the variance . 

Sociology 

The curve for the sociologists Bayer and Dutton ( 1 977 ) analyzed 

was the flattest and yielded the poorest fit to the data . 

Nevertheless , the data suggest a sl ight spurt-obsolescence pattern 

( see Figure 2 ) . Cole ' s  ( 1 979 ) results , on the other hand, showed an 

obsolescence function for both articles and citations -- as did 

almost al l of his disciplines -- with peaks between the ages of 45 

and 49. Again , the greater heterogeneity of Bayer and Dutton ' s  
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( 1 977 ) sample may account for the discrepancy if less productive 

researchers tended to retire earlier than more productive 

individuals . 

Clemente and Sturgis ' s  ( 1 974 ) study of sociologists reported a 

very weak negative relationship between age and article counts , but 

the obvious misspecification of the form of the relationship renders 

this result of little value . 

Conclusions 

Some regularities across disciplines occurred in the 

discipline-specific analyses .  First , in no case did productivity 

show a simple negative relationship with age , and in almost all 

cases the simple linear model of cumulative growth was inadequate . 

The failure of the " declining" and " levelling out" models to fit the 

data well is inconsistent with the existence of s imple aging 

effects , and it seems safe to rule out the hypothesis that increased 

age necessarily leads to lower productivity . Second , the results 

broken down by discipline suggest that linear models are inadequate 

to describe the relationship between age and at least certain 

measures of scientific performance . This is not to say that 

articles ( or citations ) do not decline among older scientists at 

certain ages . The spurt-obsolescence model offered the best f it for 

most fields ( but in biochemistry the obsolescence model was 

superior , and the spurt model fit the data for chemical engineering 

better than the alternatives assessed -- see Figure 2 ) . Among the 

groups studied the f irst of the two peaks tended to occur about ten 

years after the Ph . D .  and the second as scientists neared retirement 

aqe . These patterns are consistent with market effects or selective 

attrition , where scientists whose productivity does not recover from 
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a mid-career slump tend to shift into non-research positions or to ' 

retire early ( although early retirements are uncommon among doctoral 

scientists ) .  Bayer and Dutton ( 1 977 ) concluded that market , 

generational ,  and selective attrition effects on performance may al l 

be overlaid with any effects of aging . 

Finally , regardless of their form, any s imple effects of aging 

appear to be smal l .  Although Cole did not provide information on 

the strength of the associations for the data he examined, the 

non-linear models Bayer and Dutton assessed never accounted for more 

than 7% of the total variance in productivity and usually explained 

substantially less . Moreover ,  the smal l  zero-order effects of age 

would presumably be further attenuated in more properly specified 

models that included demonstrated determinants of productivity such 

as primary activity , institutional setting , and research resources ,  

which are usually correlated with age . Multivariate analyses for 

specif ic scientific disciplines that permit non-linear effects of 

age are necessary to learn whether age per � has any independent 

effect on scientists '  performance . 
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APPENDIX D 

A STEADY-STATE MODEL OF FACULTY AGE DIS'l'RIBU'l'ION 
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A STEADY-STATE MODEL OF FACULTY AGE DISTRIBUTION 

Faculty flow models have become an increasingly widespread tool 

in analysis and planning for the higher education sector . Such 

models analyze the size and composition of faculties as they evolve 

over time on the basis of simpl ified assumptions about rates at 

Which faculty members with particular characteristics enter into , 

are promoted within , and leave the academic sector or some part of 

it .  SUch models have been developed for the analysis o f  individual 

institutions ( Hopkins , 1 974 r Hopkins and Bienenstock 1975 r and 

references cited therei n ) , of individual academic disciplines 

( Grodzins , 1 979br Hansen , 1979a ) and of academia as a whole 

( cartter , 1976 r  Patton , 1 979a , chapter 5 ) . 

One application of such models of faculty flow is the analysis 

of • steady-state• age distribution and faculty composition . A 

• steady-state• for a model of faculty flow is defined as a situation 

in which the total size and composition of the faculty remain 

constant over time . In such .a steady-state , the total number of 

faculty entering the system equals the number leaving, and the 

number entering any particular subgroup ( e . g . , non-tenured faculty , 

faculty aged 60 and above ) will equal the n�r leaving that 

subgroup . In general , there will exist one steady-state faculty 

composition corresponding to any given set of assumptions about 

rates of flow of faculty into and out of the various subgroups 

defined within the model . 

Such steady-state analyses are , of course , a theoretical 

approximation . Actual faculty composition will , at most,  approach 

its steady-state values and fluctuate about them -- until the 

conditions change . However , steady-state analyses have proved 
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useful as an analytical tool because they permit a particularly .  

simple way of analyzing the relationships among the various 

parameters that bear on faculty flows and age distributions . They 

can show , for example ,  how sensitive the rate of hiring of new 

faculty is t� changes in promotion policies or retirement policy 

( Hopkins , 1974 ) . Also , in conditions where it is reasonable to 

assume no growth in overall faculty size , the parameters of a 

steady-state model provide a useful benchmark for comparison to 

actual conditions . The steady-state results show rates of hiring of 

new faculty , proportions of young faculty , and the like ,  which are 

sustainable in the long run without changing the size of the 

faculty . This appendix presents a s implified illustrative 

steady-state model , describes the more complex model underlying the 

steady-state model employed in the text , and analyzes critically the 

assumptions underlying that model . 

A Simplified I llustrative Model 

To illustrate the principles involved, it is useful to examine 

briefly a highly simplified example of such a steady-state , solution 

to a faculty f low model . SUppose al l faculty in some discipline and 

set of institutions enter the system at age 3 0 ,  that half reach 

tenure after f ive years and half leave at that pointl/ , and that 

those who receive tenure stay until age 6 5 ,  when they retire . Death 

and other sources of attrition ( other than failure to be promoted)  

are ignored . 

11 The " system• here is  best conceived as some subset of all 
colleges and universities -- e . g . , the Ph . D .  granting institution . 
Individuals leaving that subset of institutions may achieve tenure 
elsewhere in academia . 
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Under these assumptions , the age prof ile of the steady-state 

distribution wil l  appear as in Figure o- 1 ,  with twice as many 

persons at each age between 3 0  and 3 5  as at each age between 3 6  and 

65 . This is so because from each entering cohort of 30 -year-olds , 

hal f wil l  leave after f ive years , and the other half wi l l  stay for 

thi rty years more . Since in the steady-state , the size of the 

entering cohort is the same from year to year , the age prof ile wil l  

have the s imple shape shown i n  the figure . 

The relevant parameters of this simple model are readily 

calculated. Suppose , for example , that 1 00 0  faculty enter the 

system each year . Tbtal faculty size wil l  then be 1 0 0 0  times 5 plus 

5 0 0  t imes 3 0 , or 2 0 , 0 0 0 .  Annual new hires will be 5 \  of the total 

faculty , and retirements wil l  be 2 . 5\ of the faculty . Six thousand 

of the 2 0 , 0 0 0  faculty will be within seven years of the Ph . o . , so 

that the percentage of faculty who are " young" is 30\ . 

Such a model , while plainly overs imple ,  is  suggestive of rates 

of faculty f low which are sustainable in the long run with a 

constant faculty . To make the model more rea listic , it is neces sary 

to employ more real istic assumptions about the age distribution of 

new entrants , the influence of death and other sources of attrition , 

and other factors . 

The Steady-State Model !mployed in the Text 

The steady-s tate calculations reported in the text are based on 

a model which is intended to represent faculty flows at Ph . o .  

granting institutions . The steady-state model can be thought of as 

applying to science and engineering faculty as a whole at this set 

of institutions , . or to faculty in particular scientific f ields • 
. 

Some relevant differences between fields are noted in the section on 

"Discussion of Model As sumptions" below . 
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The assumptions of the model are as follows : 

1 .  Th&re is a constant number of new entrants into non-tenured 

pos itions each year . 

2 .  The number and age distribution of new entrants to tenured 

pos itions ( other than those appointed from non-tenured positions ) is 

the same as the number and age distribution of tenured faculty 

leaving academia for reasons other than death and retirement . 

( Analytically , this is equivalent to assuming that there is no net 

change at the tenured level other than through death and 

retirement . )  

3 .  The age distribution of new non-tenured entrants to 

academic positions is assumed to be the same as that of the 1 97 8  

cohort of Ph . D . ' s  in sc ience and engineering who planned t o  take 

academic pos itions ( inc luding postdoctoral fellowships ) in Ph . D .  

granting institutions . The data , which were obtained from the NRC ' s  

Survey of Earned Doctorates ,  are reported in Table D- 1 .  ( Note : 

Ph . D . ' s  of age X at the time of the survey were assumed to be of age 

X + 1 during their first year of service . )  

4 .  Age-specific death rates for the entire u.s. population in 

1 9 7 5  apply to all members of the system .  These death rates are 

given in National Center for Health Statistics ( 1 97 5 ) .  

5 .  Half o f  each cohort receive tenure after f ive years . The 

other hal f leave the system after five years . 

Since in the steady-state every cohort of new entrants has the 

same s i ze and composition , a steady-state faculty age prof ile based 

on these assumptions is readily obtained by tracing out the 

experience over time of a typical cohort of new entrants . Table D-2 

descr ibes the steady-state age distribution that results from these 
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Table D-1 

!I 
AGE DISTRIBUTION OF NEW PH . D .  1 S PLANNING ACADEMIC EMPLOYMENT 

IN PH . D .  GRANTING INSTITUTIONS , 1976 

Age !¥ New Ph . D .  1 s  Age � New Ph . D .  1 s 

25 13 50 8 

26 50 5 1  9 

27 2 1 3  52 14 

28 539 53 3 
29 736 54 3 

30 665 55 6 

3 1  557 56 5 

3 2  5 1 1  57 1 

3 3  4 18 58 2 

3 4  280 59 1 

3 5  191 60 1 

36 177 61 0 

37 130 62 1 

38 99 63 0 

39 64 64 1 

40 52 65 and above 0 

4 1  2 9  

4 2  25 

43 2 5  

44 2 1  

4 5 17 

46 1 7  

47 15 

48 9 

49 16 

!I Includes individuals planninq postdoctoral appointments . 

!¥ It was assumed that persons of aqe X at time of response 
to the survey were of aqe X + l at time of employment .  

SOURCE : NRC , Survey of Earned Doctorates 
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a)  

Aq!, 
25 
26 
27 
28 
29 
30 
3 1  
3 2  
33 
34 
3 5  
3 6  
37 
38 
39 
40 
41 
42 
43 
44 

b) 

Age 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

Table D-2 

AGE PROFILE FOR S'l'EADY-STA'l'E MODEL OF DOCTORAL FACULTY 
AT PH . D .  GRANTING INSTITUTIONS 

Percent Distribution of Doctoral Faculty bf Chronological Aqe 

Percent of Faculty Age Percent of FacultY 

0 . 01 4 5  2 .  7.0 
0 . 07 46 2 . 70 
0 . 3 1 47 2 . 69 
0 . 92 48 2 . 67 
1 .  7 5 49 2 . 66 
2 . 50 so 2 . 6 5  
3 . 10 5 1  2 . 63 
3 . 55 5 2  2 . 62 
3 . 72 53 2 . 60 
3 . 61 54 2 . 57 
3 . 45 55 2 . 5 5 
3 . 33 56 2 . 5 2 
3 . 19 57 2 . 49 
3 . 06 58 2 . 46 
2 . 96 59 2 . 43 
2 . 91 60 2 . 39 
2 . 84 61 2 . 3 5  
2 . 78 62 2 . 31 
2 . 75 63 2 . 2 7 
2 . 73 64 2 . 2 2 

Percent Distribution of Doctoral Faculti by Years Since Ph . D .  

Percent of Faculty Age Percent of Faculty 

5 . 57 2 1  2 . 5 3 
5 . 56 22 2 . 50 
5 . 55 2 3  2 . 4 7 
5 . 54 24 2 . 43 
5 . 5 3 25 2 . 40 
2 . 76 26 2 . 3 5 
2 . 7 5 27 2 . 29 
2 . 74 28 2 . 22 
2 . 74 29 2 . 13 
2 . 7 3  30 2 . 02 
2 . 7 1 3 1  1 . 91 
2 . 70 3 2  1 .  75 
2 . 69 3 3  1 . 54 
2 . 67 34 1 . 29 
2 . 66 3 5  1 . 02 
2 . 64 36 0 . 7 1 
2 . 62 3 7 0 . 37 
2 . 60 38 0 . 12 
2 . 58 39 0 . 03 
2 . 5 5 40 0 . 01 
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assumptions , characterized both by chronological age and by years 

since Ph . D .  Thirty three percent o f  the faculty are within seven 

years of the Ph . D .  Annual new hires are 5 . 6\ o f  total faculty . 

2 . 2\ of the faculty retire each year and 9 . 2\ of the faculty are 

older than 60 . 

Discussion of Model Assumptions 

Modification of the model ' s  assumptions would of course change 

the steady-state results . The following discussion provides 

justification of the assumptions made and an analysis of the 

sensitivity of the results to changes in key assumptions . 

1 .  Retirement age . By 1 982 all universities and col leges wil l  

be prohibited by federal law from requiring retirement before age 

7 0 .  It i s  not clear at this point how many faculty will  choose to 

postpone retirement to age 7 0  when they can . If the steady-state 

model is modified to assume that all faculty retire at age 70 rather 

than age 65 ( the actual table is not shown here ) ,  which presumably 

overestimates the effect of the change in retirement laws , the 

effect on the steady-state parameters is moderate . New hires change 

from 5 . 6\ to 5 . 0\ of the faculty . The percentage of young faculty 

goes from 33\ to 30\ , and the percentage of faculty retiring each 

year falls  from 2 . 2\ to 1 . 8\ . Such a modest effect of changes in 

retirement policy on equilibrium faculty flows has been corroborated 

by other studies ( Hansen , 1 979a ; Patton , 1979a ) .�/ 

�/ The short run effect of the change in retirement laws may 
be more s ignificant than the effect on the steady-state equilibrium . 
This is because the sudden shift to a later retirement age tends to 
lead to a period of several years where many of those otherwise 
expected to retire delay their retirement plans . In the 
steady-state , a constant flow of faculty will reach retirement age 
every year . See in particular Oi ( 1 979 ) .  
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2 .  Postdoctorals . The model assumes that Ph . D . ' s enter 

faculty positions immediately upon receipt of the degree . But in 

some sc ientific fields a significant proportion of Ph . D . ' s  spend one 

or two years in pos tdoctoral study before assuming a faculty 

position . SUch fields wi l l ,  in the steady-state , have a lower 

proportion of faculty within seven years of the Ph . D .  than the model 

in the text assumes . 

The largest percentage of Ph . D . ' s  entering into pos tdoctoral 

s tudy occurs in the biological sciences , where between 60\ and 65\ 

of a l l  1 9 7 7  Ph . D . ' s  planned to undertake postdoctoral work ( NRC ,  

1 979 , Table 7 . 1 ) .  If we were to assume that 60\ of a l l  the Ph . D . ' s  

in a particular field who ultimately assume faculty positions first 

spend two years on a postdoctoral appointment , then the steady-state 

percentage of faculty within seven years of the Ph . D . in that field 

turns out to be 27\ instead of the 3 3\ indicated above . 

3 .  Rates of promotion to tenure . The text model assumes that 

hal f of al l faculty are promoted after five years , and that the 

other half leave the system. The " system" here is to be thought of 

as the set of Ph . D .  granting institutions . It is l i kely that 

signif icant numbers of persons who do not achieve tenure at these 

institutions eventua l ly rece ive tenure elsewhere in academia .  other 

studies have indicated that hiring rates and percentages of young 

faculty are particularly& nsitive to changes in promotion pol icy 

( Cartter , 1 976 J Hopkins , 1 9 7 4 ) . Appropriate values for promotion 

probabil ities are diff icult to determine , both because of 

inadequacies in the historical data , and because the promotion rate 

is l i ke ly to be different ( presumably lowe r )  in steady-state 

conditions than in the growth condit ions on which historical data 

are based . 
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Cartter ( 1 976 ) , in modeling the probability of promotion to 

tenure for the entire higher education system, made the assumption 

that in any particular year 20\ of a given cohort of entrants would 

achieve tenure and 1 2\ would leave academic employment . On these 

assumptions 56\ of any given cohort would eventually achieve tenure . 

Since cartter ' s  assumptions are intended to apply to academia as a 

whole , a lower promotion · rate would be implied for the Ph . D .  

granting institutions . 

Fernandez ( 1 978 ) estimated promotion probabil ities as a 

function of years of service . His estimates based on historical 

data imply that 8 1 \  of a particular cohort of entrants will 

eventually achieve tenure .�/ However , his projection analysis 

implies that this rate is expected to fal l  quite considerably as 

academic market conditions worsen . 

To convey a sense of the sensitivity of the steady-state 

results to changes in rates of promotion , calculations were made on 

the assumptions that one-third or two-thirds of each cohort were 

promoted after f ive years , with the remainder leaving the system . 

If  one-third instead of one-half are promoted , the percentage of 

faculty within seven years of the Ph . D .  rises from 3 3\ to 4 1 \  and 

the annual rate of new hires rises from 5 . 6\ to 7 . 3\ .  I f  two-thirds 

are promoted ,  the percentage of recent Ph . D . ' s  on faculties falls to 

29\ and the rate of new hires to 4 . 6\ .  

4 .  Voluntary exits from tenured positions . The text model 

assumes that the number of people hired directly ( i . e . , not drawn 

�/ Based on Fernandez ( 1 978 ) , Table A1 0 .  
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froa the non-tenured faculty ) into tenured positions will equal the 

number leaving such positions for reasons other than death or 

retirement . According to cartter ( 1976 , P •  1 69 )  this was rouqhly 

true during the 1950 • s .  In the 1960 • s ,  cartter estimates that there 

was a small net inflow to tenured positions , and that there bas been 

some small net outflow since . Be suggests that worsening employment 

conditions for faculty in the 1 980 ' s  are likely to lead to an 

increase in the rate of net outflow , to approximately 1 \  to 1 . 5\ of 

total faculty per year in the 1980 ' s .  Fernandez ' s  analysis , which 

underlies the Radner/Kuh proj ection model ,  anticipates a somewhat 

smaller net outflow than cartter • s  estimate for the 1 980 ' s .!/ 

Steady-state rates of hiring and percentages of young faculty 

are quite sensitive to the rate of inflow or outflow of tenured 

faculty . If 1\  of the tenured faculty were to exit annually on net 

( rather than the assumption of no net outflow in the text ) the rate 

of hiring of new Ph. D . ' s  would rise from 5 . 6\ to 6 . 9 \ ,  assuming the 

SO\ promotion rate were maintained. The percentage of faculty 

within seven years of the Ph . D . would rise from 3 3\ to 4 1 \  in the 

steady-state . 

Conclusion 

The steady-state calculations reported in the text result from 

reasonable estimates of the parameters of a faculty flow model which 

would be consistent with no-qrowth equil ibrium. The results are 

somewhat sensitive to assumptions about certain key parameters , but 

the model in the text appears to fall well within the range of 

4/ Fernandez assumes that the "tenured quit rate" wi ll rise 
during the early 1 980 ' s  and then decline again , as the market 
reaches a new equilibrium . 
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likely outcomes . In particular , it seems likely that 25\ is a 

reasonable lower bound for the percentaqe of faculty within seven 

years of the Ph . D .  in the steady-state , and that 3 3 \ , the fiqure 

employed in the text model , is a reasonable estimate of the likely 

steady-state pe rcentaqe of younq faculty in f ields where · 
postdoctoral appointments are not common .  An annual rate of hirinq 

of new Ph . D . ' s  on the order of 5\ to 7\ of the total faculty appears 

to be a sound estimate of the rate consistent with steady-state 

equi l ibrium. 
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APPENDIX E 

DISTRIBUTIONS OF FACULTY BY RANK 

IN CHEMISTRY , MATHEMATICS , PHYSICS , AND 

PSYCHOLOGY DEPARTMENTS 
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The distributions by rank of faculty in sel ected departments in the 

fields of mathematics and chemistry were developed from faculty listings 

in university bulletins . The universities included are the largest 

univers ities in research and development expenditures which collective ly 

account for two- thirds of all university research and development expendi

tures . 

The physics data are for departments at univers ities belong ing to the 

As soc iation of American Univers ities . They are taken from the Report to 

the Phys ics Advisory Committee of the National Science Board by the Sub

committee on Job-Related I s sues (May 1 1 ,  1978) . 

The psychology faculty rank and tenure status distributions were 

prov ided by the American Psycho logical Assoc iation from their 1978-79 Survey 

of Graduate Departments of Psychology . 
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DEPARTMENTS OF CHEMISTRY 

FULL ASSOCIATE AS S ISTANT 
UNIVERS ITY PROF .  PROF .  PROF . INSTRUCTOR � 

1 .  Univ . of Wis cons in , 
Madison 2 7  10 3 

2 .  Mass . Ins t .  o f  Tech . 22 3 10 2 2 le e .  

3 .  Univ . of Calif . ,  
San Diego 12 19 6 

4 .  Univ . of Minnesota 26 7 2 

5 . Univ . of Michigan 2 3  1 2  2 2 lee . 

6 .  Univ . o f  Washington 22 8 1 

7 .  S tan ford Univers ity 15 1 5 1 lee . 

8 .  Harvard University 15 2 8 2 lee .  

9 .  Columbia University 1 8  1 2 

10 . Cornell Unive rsity 30 ? ? 
(no t i tles) 

1 1 . Univ. of Pennsylvania 12 5 7 

12 . Univ . of California , 
Be rke ley 4 3  5 6 

1 3 . Univ. of Cali fornia , 
Los Angeles 2 7 8 8 4 l e e .  

14 . Johns Hopkins Univ .  10 5 5 

15 . Univ. of Chicago 26 2 2 

16 .  Univ. of I l l . , Urb ana 21  1 1  10 

1 7 . Univ . of Rochester 14 3 5 

1 8 .  Texas A & M Univ . 30 8 11 

19 . Univ . of Texas , 
Aus tin 2 7 9 10 

20 . Univ. o f  Cali f . , 
San Francisco No Department of Chemis try 

2 1 .  Mi chigan S tate Uni v .  22 8 6 

2 2 .  Yale University 15 6 6 

2 3 .  Univ . o f  Cali f . ,  Davis 21 5 4 2 lee . 

24 . New York University 1 3 6 2 

2 5 . Ohio State University Not Broken Down - " Faculty" • " 37" 

- 2 28-

Copyright © National Academy of Sciences. All rights reserved.

Research Excellence Through the Year 2000:  The Importance of Maintaining a Flow of New Faculty Into Academic Research
http://www.nap.edu/catalog.php?record_id=19843

http://www.nap.edu/catalog.php?record_id=19843


26. 

2 7 .  

28.  

29 . 

30. 

31.  

32 . 

3 3 .  

34 . 

35 . 

36 . 

37 . 

38. 

39 . 

40. 

41 . 

42 . 

43. 

44 . 

45 . 

46 . 

4 7 .  

48.  

49.  

so.  

DEPARTMENTS OF CHEMISTRY 

UNIVERS ITY 

Penn . State Univ . 

Purdue Univ . (�eira-
Univ . of Florida 

Washington Univ . (Mo . )  

Univ . of Ari zona 

Univ. of Colorado 

Univ. of Georgia 

Univ . of Alaska 

Iowa S tate Univ . 

Cali f .  los t .  o f  Te ch . 

Univ . of So • .  Cal i f . 

Univ . of Miami 

Univ. of Utah 

Rocke feller Univ . 

Univ . of North Caro-
lina @ Chapel Hill 

Duke Univers i ty 

Colorado S t ate Univ . 

North Carolina S t a te 
Univ . @ Rale igh 

Univ . of Connect icut 

Oregon State Univ . 

Univ . of Hawaii (Manoa) 

Univ . of Mis souri 
@ Columb i a  

Louisiana S tate HY�!em 
Georgia Ins t .  of Tech . 

Case Wes te rn Rese rve 
Univers i ty 

� AS SOCIATE 
PROF . PROF . 

("Sr !m' beri"• <Mas..goc er"•l) 
2 8  10 

29 9 

15 2 

20 1 2 

17  9 

7 11 

2 3 

2 6 4 

14 1 

1 8  4 

11 8 

18 6 

No Departmen t 

24 4 

12 6 

13  7 

17  1 

18 4 

2 1 8 

14 5 

12 7 

21 8 

16 10 

19 4 
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Page 2 

ASSISTANT 
�· IHSTRUCTOR !!!!!! 

7 

4 

... 

2 1 lee . 

15 

5 

1 

3 

3 1 

7 

1 

2 
Research Profs 
(1 Ful l ,  
1 Assoc . , 
3 Ass t . ) 

of Chemi s t ry  

7 

3 

6 

4 

2 

2 

2 

1 1 lee . 

1 2 
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DEPARTMENTS OF CHEMISTRY Page 3 

� ASSOCIATE ASS ISTANT 
UNIVE RS ITY PROF . PROF . PROF. INSTRUCTOR OTHER 

5 1 .  Yeshiva Univers i ty 5 2 
52 . Univ . o f  Maryland 

@ College Park 20 12 5 

5 3 .  Northwes tern Univ . 18 4 7 S lee .  

54 . Ru tgers Unive rsity 20 6 6 
5 5 .  Univ . o f  Texas , 

CC , MDA ,  Ti . No courses in chemistry offered (Biology only) 

56 . Unive rs i ty o f  Iowa 12 8 2 
5 7 . Univ . of  Pittsburgh 18 11  5 

5 8 .  Univ. of Cincinna t i  11  7 2 
5 9 . Princeton Univers i ty 10 2 5 1 2 le e .  

TOTALS 1 , 028 340 2 31 6 2 7  

Figures obtained from university catalogs 
Dates are the same as shown for mathematical departments 
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UNIVE RS ITY 

1 .  Univ. o f  Wis consin , 
Madison 

2 . Mas s . Ins t .  o f  Te ch . 

3 .  Univ . of Cali f . ,  
San Diego 

4 .  Univ. of Minnesota 

5 . Univ . of Michigan 

6 .  Univ. of Washington 

7 .  Stanford Univers ity 

8 .  Harvard Unive rsi ty 

9 .  Columb ia Unive rs i ty 

10 . Corne ll Univers i ty 

1 1 .  Univ . of Pennsylvania 

12 . Univ . of California , 
Berke ley 

1 3 .  Univ . of Cali fornia , 
Los Angeles 

14 . Johns Hopkins Univ . 

15 . Univ . o f  Chicago 

16 . Univ .  of I l l . , Urbana 
(incl . statistics ) 

1 7 . Univ .  of Roches te r 

1 8 .  Texas A & M Univ. 

19 . Univ.  of Texas , 
Aus tin 

20 . Univ. o f  Calif . ,  
San �ancisco 

21 . Michigan S tate Univ. 

22 . Yale Unive rs i ty 

2 3 .  Univ . o f  Calif . , Davis 

24 . New York Universi ty 

25 . Ohi o  Stat� University 

DEPARTMENTS OF MATHEMATICS 

!?.!'!'! PULL �- AS ST .  INSTllUC . 
PROP. PROF . PROF . 

7 8- 79 6 7  2 2 

7 7- 7 8  38 7 6 25 

7 7- 7 8  14 12 13 

76- 7 8  38 24 10 

78- 79 37 17 12 

7 8- 80 32 14 13 

7 8- 7 9  19 2 5 

7 8- 79 15 11 

7 8- 79 10 5 

7 8- 80 44 ? ? ? 
(no titles ) 

7 8- 79 2 3  6 

7 8- 7 9  64 9 1 

7 8- 79 4 8  9 10 

7 8- 7 9  8 5 4 

7 7- 79 28 2 2 14 
78-80 59 3 3 14 

7 8- 79 15 4 5 

79- 80 7 25 12 

7 7- 79 2 8 15 15 

7 8- 79 No Depar tment o f  Mathematics 

7 8- 7 9  3 8  2 7  8 9 

76- 7 8  14 1 5 7 

7 8- 79 18 12 6 

7 8- 79 32 4 1 5 

78- 79 Not Broken Down - "Faculty" - " 7 7" 

- 2 31-

OTHER -

2 lee . 

2 le e .  

1 �re-ce or 

7 lee .  

3 le e .  

19 lee . 

1 As s t . 
Ins t rue . 

1 lee . 
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DEPARTMENTS OF MATHEMATICS 

M!! FULL· ASSOC . ASST .  INSTRUC .  � 
UNIVERS ITY PROF . PROF . PROF . 

2 6 .  Penn .  S tate Univ . 7 8- 79 (b�fsn�!) <�g�i"•l8) -
2 7 . Purdue Univ.  ( al l \ puseifD"" 76- 78 66 34 4 7 

2 8 . Univ .  of Florida 7 8-80 11 15 15 

29 . Washington Univ . (Mo . )  7 8- 79 1 3  7 1 

30 .  · Univ . of Arizona 7 7- 7 8  2 1  16 4 2 lee .  

31 . Univ. of Colorado 79- 80 24 16 3 1 

32 . Univ . of Georgia 7 7- 79 5 9 2 

33.  Univ. of Alaska 79-81 4 5 4 
(incl . comp . sci . )  

34 . Iowa State Univ . 79- 81 25 1 7 10 6 

35 . Calif . Ins t . of Te ch . 7 8- 79 12 1 1 8 
36 . Univ.  of So . Calif . 78- 7 9  1 3  5 10 

3 7 .  Univ. of Miami 7 7- 7 8  10 6 7 2 

38 . Univ. of Utah 77- 79 2 3 5 5 12 

39 . Rockefeller Univ . 78- 79 1 1 

40 .  Univ. o f  North Caro-
lina @ Chapel Hill 7 8- 7 9  14 12 4 2 

4 1 .  Duke University ' 79 8 7 7 

42 .  Colorado S tate Univ . 78-79 15 15 2 

4 3 . Nor th Carolina State 
Univ. @ Rale igh 7 8- 80 21 15 20 

4 4 .  Univ . of Connecticut 79-80 11 12 

45 . Oregon S tate Univ.  7 8- 79 21 7 8 

46 . Univ . of Hawaii (Manoa) 7 7- 79 10 20 7 

4 7 .  Univ. o f  Missouri 
@ Columbia 7 8- 79 10 13 4 

48 . Louis iana S tate 
Univ . Sys tem 79-80 15 12 12 12 

4 9 . Georgia Ins t .  of Tech . 7 8- 79 10 19 1 7 1 2 lee .  

50 . Case Wes tern Reserve 
Unive rsi ty 7 7- 79 11 6 9 1 
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DEPARTMENTS OF MATHEMATICS Page 3 

M!! FULL ASSOC . ASST . INSTRUC . � 
UNI VERS ITY mw. PROF . PROF . 

51 .  Yeshiva Unive rsity 74.- 76 8 6 1 1 
52 . Univ . of  Maryland 

@ College Park 79-80 4 3  2 5 14 

5 3 .  Northwes tern Univ . 7 8- 79 26 10 8 

54 .  Rutgers Univers ity 76- 7 7  34 2 1  1 
55 .  Univ. o f  Texas , 

CC , MDA , Ti .  No courses in mathemat ics offered (Biology only) 

56.  Uuiv . of Iowa 7 8- 80  1 3  1 7 3 
5 7 .  Univ . o f  Pit tsburgh 

(incl . statistics)  
77-79 14 15 19 

5 8 . Univ. of Cincinnati 7 8- 79 10 16 1 
(all math sci . ) 

59 . Prince ton University 7 8- 79 2 3  1 11 11 

'l'OTALS 1 , 266 628 4 2 3  117 40 

F i gures obta i ned from uni vers i ty ca tal ogs 
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AS SOC IATION OF AMERICAN UNIVERS ITIES 
PHYSICS FACULTY 

1977-78 

ln s t i t u t i a n  P ro f e � so r s 

Brown Un ive r s i t y  32 

Ca l i fo rn ia I n s t i t u t e  o f  T e c h n o l o s y  2 3  

Unive r s i ty o f  Ca l i f o rn ia , Be r k e l ey 5 3 

Un ive r s i t y  o f  Ca l i f o r n i a , Lo s Ang e l e s  3 5  . 
Ca s e  �e s t e rn Re s e rv e  Un iv e r s i t y 1 9  

Ca thol i c  l1 n h· � :- d t y  o f  Ame r i c a  7 
Un ive rs i t y  o f  Ch i c a g o  24 
Cla rk Un ive r s i t y  2 
Un ive r s i t y  o f  Co l o r a d o  3 7 
Co l u::tb i a  l:n ive r s i  t y  2 0  
Corne l l  Un ive r s i t y  38 

Duke Unive r s i t y  1 1  

Ha rva rd lin i v e :- s i t y 1 9  

�n i v e r s i t y  c f  ! l l i n � i s , 
Urba n a- Cha�? a i sn 5 2  

Ind iana l:n i v e :- s i t y  2 8  

Un iv e r s i t y o f  I o,•a 14 

lo�o;a S t a t e  Un i ve rs i t y 2 2  
Tne Jo� ns Ho p� ir. s rn i v e r s i t y  14 
Un ive r s i t y  o f  Kan s a s 18 
Cn ivers i t y  o f  �1a r y l and 57 
�� s sa c h u s � t t s  : 1 � t i t u t e  o f  T e c h no l o g y  5 7 

Mc G i l l Un iv e r s i t y  1 4  
Ln iv e r s i t y o f  X i c h i g a n  34 

,_U c h i s.l n  S t .:t t c  l "n : i\· .• r s i t �· 37  
Un ive r s i t y  o f  :': i n n e s o t a  3 2  

Un i v e r s i t y o !  �! i s so u r i  - Co l u::� '!:l i a  8 
Un iv e r s i t y  o f  � e b r a � k a  

�ew Yo r k  Un i v e r s i t y  

Un i v e r s i t y  o f !·:�> r t h  Ca r o l i n a  a t  
Cha pe l 11 1 1 1  

No r t h�o;� � t e r " V n i v e r s i t y 

Oh io S t a t e  Un i v e r s i t y  

20 
1 9  

2 2  
24 
29  

- 2 34-

As soc i a t e 
P r o f e s s o r s  

2 
2 
4 
5 
5 
1 
8 
3 

8 

3 
5 
4 

1 2  
10 

8 
17  

s 
2 0  
15 
1 4  

1 0  

8 
1 6  
1 0  
1 1 

5 

7 
4 

1 1  

As s is t a n t  
Pro f e ti s o r s  

2 
6 
1 
2 
2 
2 

11  
1 
3 

1 4  
4 

6 
10 

4 
3 
1 
6 
s 
1 

1 5  

1 6  

1 
5 

1 1  
s 
1 

3 

1 

4 
3 

36 

31 

58 
4 2  
2 6  
10 
43 

6 
4 8  
34 
4 5  
2 2  
33 

68 

41 
2 3  
4 5  
1 9  

24 
9 2  
8 8  
29 
49  
56 
5 3  
19  
3 1  
2 7  

30 
32 
4 3 
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Assoc ia t e  As s i s t an t 
In s t i t u t ion Pro fes sors Pro fes 5o rs Pro f c-� H«'rs Total 

Un ive r s i t y  o f  O r ea;on 15 5 1 21  
Un ive r � i t y  o f  Pennsylvan i a  28 7 7 4 :  
Pennsylvan ia S t a te Un ivers i t y  2 3  11 6 4C 
Voivers i t y  o f  P i t t sbu rgh 2 7  14 3 44 
Pr inc e t o n  Cn ive r s i t y 22 2 21  45  
Purdue Un i v e r s i t y  4 2  14 4 60 
Un iv e r s i t y  o f  Roche:: t e r  29 5 4 3S 
Unive r s i t y  o f  Sou t hern Ca l i f o rn ia 12 9 7 u 
Stan ford Cn h. e r s i ty 14 1 8 23 
Syracuse tn ive r s i ty 19 1 3 23  
Un ivers i t y  o f  Te x a s  - #us t in 29 15 6 so 
Un i vers i t y  o f  Tor on t o  39 16 2 57 
Tul an e  l� i ve r s i t y 5 3 2 10 
Vanderb il t  Un i v e r s i t y  10 7 5 2 2  

Un ive r s i t y  o f  V i r g i n ia 19 9 3 31  
Un ive r s i t y  o !  �a sh ir.g t o n  33 7 5 4 5  
Wa s h in g  t or: tn iv c rs i t y  1 7  4 6 2 5  
Un ive r !' i t y  o f  1.: i s co n s i n  - }b d i son 39 4 2 4 5 
Ya l e  Un h·e rs i t y  1 8  _1_ Jl_ 36 

To tal 1 , 2 6 1  372 255 1 , 88 8  

Figu res ob t a in e d  f r oo 1 9 7 7-78  D i r ec t �!I of Phis i c s  and A s t rono:!:v S t a f f  !'le�b e r s , 
Amer ican Ins t i t u t e  o f  Phys i c s . 

F igures a r e  f o r  Phy s i c s  o r  j o in t  Phy s ic s / As t ronooy de pa r tmen t s . 

Figures d o  n o t  in c l u d e  eme r i t us f a c u l t y ,  re search a ppo in t me nt s , e t c . 
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I N w C1'l I 

Number and Percent of Academi cal ly Ranke d Full- t ime Facul ty in 
u . s .  Doctoral Psychology Dep artments* in Pub li c  and P r ivate Ins t itut ions : 

Row Pe rcent in P arentheses ; Column Percen t in Bracke t s  

Number 
(Row Percent) 

[ Column Percen t ] 

Public Ins t itutions 
(10 3 Dep artments ) 

Private Ins ti tut ions 
( 46 Dep ar tments ) · 

Ins t itut i on Unspe cified 
(1 Dep artment ) 

All Departments 
(150 Departments ) 

Full 
Professor 

1196 
(44 . 0% )  
[ 7 7 . 7% ]  

3 34 
(42 . 7%)  
[ 2 1 .  7% ]  

9 
( 32 . 1% )  
[ 0 . 6% ]  

15 39 
(43 . 6% )  

Academi c Rank 

As sociate 
P rofe s s or 

79 7 
(29 . 3%) 
[ 76 . 9% ]  

2 30 
(29 . 4%) 
[ 22 . 2% ]  

9 
(32 . 1% )  
[ 0 . 9% ]  

1036 
(29 . 3%)  

As s is t ant 
Profes sor 

69 7 
(25 . 6% ) 
[ 76 . 9% ] 

200 
(25 . 6%) 
[ 2 2 . 1% ]  

9 
( 32 . 1%) 
[ 1 . 0% ]  

906 
(25 . 7% ) 

Le c turer or 
Ins t ructor 

31 
( 1. 1% ) 
[ 62 . 0% ]  

18 
( 2 .  3% )  
[ 36 . 0% ] 

1 
( 3 . 6%)  
[ 2 . 0% ] 

50  
( 1.  4%)  

Total 
Faculty 

2721 
[ 7 7 . 1% ] 

7 82 
[ 22 . 1% ]  

28  
[ 0 . 8% ]  

3531 

* Does not include dep artments of educational psycho logy ,  counseling psychology , human 
deve lopment or p ro fes�ional s chools . 

Source : · 19 78- 79 Survey of Graduate Departments of Psychology , 
American PsyChological Association/Council of Graduate Departments of PsyChology 
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APPENDIX F 

c::x>MPARISON OF ALTERNATIVE DATA SOURCES c::x>NCERNING 

PERCENTAGES OF RECENT DOCTORATES ON FACULTIES 

IN SC IENCE AND ENGINEERING 
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COMPARISON OF ALTERNATIVE DATA SOURCES CONCERNING 

PERCENTAGES OF RECEN'l' DOCTORATES ON FACULTIES 

IN SCIENCE AND ENGINEERING 

The data in Figures 3 and 4 in the text show that estimates of 

proportions of faculty within seven years of the Ph . D .  based on ACE 

data are s ignificantly lower than those based on NRC data . The 

fol lowing are poss ible reasons for differences between ACE and NRC 

survey data on younq faculty : 

1 .  ACE data , which were col lected in May , 1978 , presumably do 

not inc lude those qraduatinq in June of that year and may underestimate 

the number of faculty who received doctorates within the past s even 

years . 

2 .  �CE data include others who received their doctorates durinq 

the 1977-78 academic year as part of the seven year cohort of "younq 

faculty . "  It is unlikely that many of the se individuals wil l  have 

had an opportunity to obta in faculty appo intments in the same academic 

year that they qraduated . NRC data , on the other hand , inc lude Ph . D . 

rec ipients who had qraduated in the ful l seven ye ar period prior to 

the fiscal year ( 1977)  of the survey . This probably accounts for 

much of the difference between ACE and NP£ percentaqes of younq faculty . 

3 .  ACE data describe the proportion of younq faculty in 

academic year 1977-78 , wh ile NRC data descr ibe the proportion in 

academic year 1976-77 . S ince the proportion of younq faculty has 

been declininq in recent years , the ACE proportion miqht be expected 

to be somewhat sma ller than the NRC proportion . 

4 . ACE data cateqorize faculty members by the name of the 

department in which they hold their appointments . Faculty members 
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eu:ployed in some of the more specialized departments ( e  . q . , molecular 

phys ics , statistics , cCDputer sciences ,  appl ied mathematics , educational 

psycholoqy , child development , counsel inq )  are not included in the 

ACE data . NRC data cateqorize facul ty members by their field of 

employment and include all employed in a qiven field , reqardless of 

the department in which they hold their appointments . Consequently 

the NRC data' may be expected to have a larqer faculty count than 

the ACE data . 

5 .  NRC data categorize faculty by academic rank and probably 

include some vis itinq professors as wel l  as the reqular tenure track 

faculty . ACE faculty counts are provided by the department head 

and probably include only reqular tenure track staff members (and 

consequently should be somewhat smaller than NRC faculty counts) . 

6 .  Attached is a comparison of the ACE and NRC data describinq 

full -time faculty in four selected fields . Both sets of data are 

restricted to ful l-time faculty members employed at 288 Ph . D . 

qrantinq ins ti tutions . For purposes of cCDparison NRC data describinq 

both s ix and seven year "younq faculty" cohorts are provided . 

-24Q-
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I t\) .. 
.. 

Tab le F- 1 

TOTAL AND YOUNG FULL-TIME FACULTY EMPLOYED IN 288 PH . D .  GRANTING INSTITUTIONS 
(COMPARISON OF NRC AND ACE SURVEY RESULTS )  

NRC 1977 Survey Data ACE 1978 Survey Data 

Field of 
Employment/Department 

!I Total b 
Faculty !¥ 

FY 1970-76 FY 1971-76 Total 
Faculty £1 

FY 1972-78 
Ph . D .  Recipients Ph . D .  Rec ipients Ph . D .  Recipients 

I • ' I ' I • ' 

Chemistry 5 , 104 1 , 194 2 3 . 4  971 19 . 0  3 , 994 690 17 . 3  

Physics/Astronomy 4 , 647 966 20 . 8  798 17 . 2  3 , 781 488 12 . 9  

Mathematics 7 , 075 2 , 520 35 . 6  2 , 135 30 . 2  4 , 84 5  1 , 298 26 . 8  

Psychology 7 , 2 34 2 , 564 3 5 . 4  2 , 179 30 . 1  4 , 344 1 , 382 3 1 . 8  

Al l Science and 74 , 591 24 , 682 33 . 1  20 , 746 27 . 8  N/A N/A N/A 
Engineering 

!I NRC survey data categorize faculty members by field of employment ; ACE survey data categorize by department 

name . Faculty members employed in some of the more specialized departments ( e . g . , molecular physics , statistics , 
computer s c iences , applied mathematics , educational psychology ,  child development , counsel ing ) are not inc luded in 
the ACE data . 

,St Inc ludes all Ph . D .  recipients holding full-time faculty appointments as of February 1977 except those 

who had doctorates after June 1976 . 

£1 Includes all Ph . D .  recipients holding full-time faculty appointments as of May 1978 . 
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