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1984-86) as estimated by those projected to be produced (absent interventions) in the next fificen
yecars. It was calculated to be about 675,000 by the year 2006. This definition was used because,

in the absence of a projectior of demand for new NS&E bachelor degree holders, a coastant level
was assumed.

For PhD NS&E personnel, ecstimates of demand were made, based on historical relationships
between R&D dollars in various sectors of the economy as well as enroliments for the academic
sector. The shortfall in that case was defined as the cumulative difference between this history-
based projected demand and history-based projected degree production. In reality the supply and
demand cquilibrate somewhere in the middle - so the shortfall concept is 2 way of expressing the
probability of future substitution of resources away from new scientists and engineers, as well as
future relative salary increases. For PhDs, the expected shortfall is exacerbated by the expected
retirements of large numbers of existing PhD’s in universities and in industry.

These two shortfalls can be expressed as very rough yearly targets: the US. could probably
fruitfully use about 40,000 extra NS&E bachelor’s degrees a year for the next 15 years, and about
6,000 extra PhDs a year beginning in the late 90's.
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INTRODUCTION

There is much debate now as to whether there are too many or too few scientists and engineers for
the rescarch funding and available positions for NS&E personnel. It is oot within the scope of this
paper to address such issues dircctly. Rather, we review existing trends in scicnce and eagineering
degree production and discuss several events i the recent past and near future which affect
production. Since the number of science and engineering degrees awarded aanually to our citi
may be related to the health of this country’s scicace and technology base, the production of these
resources warrants our attention. Although our data indicate that, at least for the nexs several years,
annual Ph.D. production in NS&E fielkds will be adequate and possibly more than required to
accommodate position openings for new Pb.Ds, availability of new NS&E graduates is expected to
decline in the near future, and indeed already has declined at the baccalsureste level Several
important compoaneats related to U.S. NS&E production are examined in this paper.

BE

The key event is a 25 percent reduction in the number of “college age® US. citizens, defined bere as
the 2-yearold population, during 1983-1996 after a doubling during 1961-1979. Thus, one-half
of the demographically-driven  increases of 1961-1979 in the annual nimber of NS&E bachelors
degrees awarded will be lost during 1983-1996 as a result of the decline 1 the size oi the traditional
"college-age population.

A second and related factor is the observed thirty-year “ceiling” of approximately 4.5 percent oo the
proportion of our 22-yearwlds who are sufficiently capable of and interested in traditional natural
science and engineering (NS&E) that they earn baccalaureate degrees in these fields.

Third, arguments that market forces will increase BS degree production beyond the “ceiling” to meet
demand are not supported by experience. Comparison of the starting salaries of new NS&E
bachelors-degree recipients and average starting salaries offered their peers in other fields reveals two
distinct markets, with NS&E degree bolders receiving a premium. Although the level of this premium
shifts with time and there is some correlation between this shift and the oumber of NS&E BS degrees
awarded, the shifts have never been sufficient to pierce the “ceiling® noted above. In fact, the number
of BS degrees in NS&E has recently decreased, simultancous with an increase in the number of
backelors degrees in other fields, in spite of markedly lower starting salaries for the latter.

A fourth concern is a mear doubling of °replacement® demand (ic., demand cesulting from
retirements) anticipated for Ph.D.-level natural scientists and engineers during 1990-2006 as the large
aumber of PhDs hired during the 1960s reach retirement age and the size of the °college age®
population increases.

Finally, in some countries beyond our borders, particularly in Western Europe and to alimited extent
the Pacific Rim countries, demographic trends mirror our own with respect to the decrease in their
traditional college-age populations. [Even with increases in the 22-year-old populations in some
countries, estimates based om national BS. degree production rates indicate that the net worldwide
BS. degree production may dechine.

Because college afteadance is a matter of individual choice and demand for technically trained
employees depeads on the state of our economy, it is aot possible to affirm that observed trends in
NS&E degree production will continue, or whether the supply of new scientists and engineers will be
sufficient to meet market demands. However, absent any significant change in observed treads, it
is likely that there will be fewer new NS&E BS. and Ph.D. graduates coming out of the education
_pipeline in the years akead.
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Coocern  bas beea expressed that the expected oumber of mew college- and university-trained
scientists and engincers will be insufficicat to meet national needs. If annual production of new
NS&E scientists is desirable at the current or higher levels, then concerns are well founded and a
sustained public policy response will be required over the next few years to draw alarger proportion
of our college-age population into scicace and enginecering disciplines.
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THE PRODUCTION OF A SCIENTIST OR ENGINEZR

In order to appreciate the complesity i@ projecting NS&KE degree production, i is wieful to look a8
the scicace and engineering “pipeline’ as a whole. Data from (hree loogitudinal surveys, conducied
with scpport from the US. Depanment of Education, following three aaticsally representative
samples of high school studests for the 1972, 1980, and 1962 allow us to do this. The high school sad
posi-sesoadary careers of these classes reveal the substantial distillation, or selection process that takes
place to produce a doctorate is the aatusal scieace and engincering  These surveys were coaducted
under (ke support of the US. Departmeat of Education. The first set of surveys

National Loagitudinal Survey (NLS). The NLS is the richest of the three data becauwse i
longest (spanning 1972-1986), the most detailed, and has the largest sumber of i
where members of the survey were surveyed again). The second and third sets of surveys are known
as the High School and Beyond surveys (HS&B). The HS&B set based oa the class of 1980 is

used most heavily in this secticn. The HS&B data set for class of 1982 was used (o characterize
constriction of NS&E-interested siudents from (beir more year in bi
freshman year in college.

Coastriction of the Talent Posl

In 1980 there were approximately 3,650,000 high school sophomores. Of these, 700,000 bad an
interest in matural science and engincering another 500,000 or so were not yet permanently out of the
NS&E pipeline. (See Figure 1) However, only 260,000 had plans to attend a2 4-year college and
major in an NS&E ficld High school age students are typically quite flexible in changing career
intentions im response to mew information and pressures. Only about 90,000 (35 percent) of the high
school sophomores planning NS&E majors at 4-year colleges were still in the NS&E pipeline as high
school scniors in 1982, The remaining 170,000 (6S percent) bad altered their major plans. One-half
shifted to non-NS&E fields and the other one-half changed college plans (deciding to sttend a 2-yesr
college, or to not attend college). A compensating 180,000 seniors bad changed plans and decided on
NS&E at a 4-ycar college rather than carlier plans to major in non-NS&E fields or not attend a 4-year

1980 completing bachelors bad average high school grades % of
those members of the high school class of 1972 ecarning Ph.Ds in NS&E fields by 1985 had posted

bigh school grades in this range.
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Figure 1
Loss of Able Students

Data from the Department of Education’s sample surveys of the high school class of 1980 permit
characterization of high school graduates by high school grades and by semesters of math and science
courses taken. A student is judged to bave been “apparestly able® for NS&E course work at the 4-
year college level if that student bad a high school diploma, at least 8 "B+ /A-° grade point average
in high school, and bad taken at least 10 semesters of math and science in high school. *Dropping out®
of a planned four-year NS&E curriculum takes several paths. Some students merely shift from NS&E
majors to another noo-NS&E major, but remain in a 4year college. Others drop to lower level
colleges (2-year colleges and vocational schools), while the remainder do not atiend college or drop
out of college altogether.

Thirty-six percent of the high school graduates of the class of 1980 were "A" or "A-/B+" students.
Of these students, 58 percent enrolled in 4-year colleges (16 pescent were NS&E majors and 42
percent were planning mejors outside of NS&E). One-half of the remaining 42 percent were earolled
in lower level colleges and the other 21 percest did not enroll in any type of college. This latier group
of students leaving the educational pipeline was 30 percent larger than those in the NS&E pipeline.

Overall, 33 percent of the high school graduates of 1980 bad taken at least 10 semesters of math and
science.  Sixty-two perceat eanrolled in 4-year colleges (20 percent planning NS&E majors) and 18
percent were oot carolled in college of any type.
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Nonpsrticipants Over 25 percent of the non-college-bound  high school graduates with high grades
also bad 10 or more semesters of math and science. Numerically, this group of students with both
high grades and at least 10 semesters of math and science in high school was about 25 perceat of the
size of the group of gll studeots still in the NS&E pipeline as college freshmen.

Junlor College Graduates A similar conclusion is reached with respect to the good students ("A-/B+*
or better grades and at least 10 semesters of math and science) who earoll in 2-year colleges rather
than 4-year colleges. Two-year college students currently account for 15 percent of bachelors degrees
in NS&E fields.

College Career Changes The loss of NS&RE srudents from the freshman year in 4year colleges is
fairly severe. Only 40 percent of the NS&E freshmen from the high school class of 1980 who entered
college immediately after graduation had carned a baccalaurcate in science or engineering by the end
of fall term/semester, 1985. Ten percent had acquired bachelors in outside fields and the remaining
S0 percent were cither still in college, temporarily out of college, or permanently out of college with
less than a bachelor’s degree. If the educational achievement of the high school class of 1972 is a
guide to the cventual degree performance of the class of 1980, then ‘y 1992 another 6 percent will

have acquired B.S. degrees and another 6 percent will have carned bachelors degrees in non-NS&E
fields.

Women and Minoritles: The loss of NS&E students during college is greater for womea than men,
and greatest for underrepresented minorities.  For students interested in NS&E majors in the
freshman class of 1980, only 35 percent of females in that category had achieved an NS&E BS. degree
by January, 1986, compared to 43 percent of malc freshmeo interested in NS&E. Among minorities
only 21 percent of NS&E freshmen bad attained a BS. by January, 1986.

Public versus Private Iostitutions: The type of college may make a differecoce. The completion rate
for NS&E freshmen is higher in private colleges and universities, particularly for minority students.
Part of this higher completion rate is attributable to the gicater average ability of students that attend
private rather than public colleges, but part may be due to the better teaching and additional time
faculty spend with students im private colleges. For minority students, the NS&E bachelors
completion rate is 53% higher for NS&E freshmen attending private colleges than for public colleges.
The NS&E bachelors completion rate is 24% higher for white and Asian students at private schools.

Trends In Retention of NS&E Students Field switching out of NS&E may be levelling off, based on
information derived from asurvey of the high school class of 1980. While few bave obtained terminal
graduate degrees yet, that group bas alrcady achieved the same fraction of eorollment in NS&E
graduate studies as the class of 1972. But employment data still show a major shift away from formal
scienlist or engineer jobs. Sixtysix percent of the NS&E graduates from the high school class of 1980
were fulltime employees in 1986, but oaly about balf of them were in NS&E jobs.

NS&E BACHELORS DEGREE PRODUCTION

Although many factoss eater into the process of choosing a carcer, several of which have
substantially over the last 30 years, anoual production of NS&E bachelors degrees bas beea relatively
constant as a proportion of the 22-yearold age cohort over that period. Although the total population
will continue to rise, the dip in the number of people im this cohort will affect the replacement
capacity of our society in terms of vewly trained youths for almost two decades. (Figure 2).

If we look at the participation of USS. citizens in the attainment of bachelor’s degrees in all fields, the
rate grew by about 4% annually for around sty years and them slowed to less than ose perceat. The
long term participation rate in NS&E ficlds, as college participation rate in geoeral, increased steadily

6
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U.S. Population and U.S. 22-Year-Olds
Long-Term Trends: 1960-1997
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Figure 2

through the years, growing at an anoual average of about 3% through the late 1950s. It then levelled
off at about 4% to 5% of the relevant age cobort.

The stability of the percentage of 2-yearolds earning bachelors in NS&E fields during the 1960s
led Wallace Brode to speculate in 1971 that the production of these degrees bad reached a saturation
level, which be identified as 4% of 22-year-olds.  (See: “Manpower in Science and Engineering  Based
on a Saturation Model", Science, July 16, 1971.) Brode suggests that the 4% figure represents a limit
oo the ability of the Nation to recruit all able interested primary/secondary school students into NS&E
majors in college. He further suggests that the recruitment activity is the primary determinant in
election by qualified individuals to pursue adegree in NS&E, with feedback from fluctuating demand
playing a much less important role.

Empirical evidence since publication of Brode’s hypothesis supports his observation of stability in the
proportion of the age cohort interested in and capable of eaming degrees in NS&E fields. Ewen
though the demographic base of college students broadened in the 1960s and again in the 1980s, most
ootably with respect to gender, as Figure 3 shows, the mumber of BS. degrees awarded in NS&E
closely followed the variations in the size of the 22-year-old population.
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Figure 3

Decline in Freshman Interest

Historically, annual freshman intentions surveys, conducted by the American Councl os Education
(ACE), have been good predictors of NS&E bachelors awarded three years or so later (see annual
issues of The American Freshman: National Norms). Since the easly 1970s, freshmen “intentions®
about their major have explained about 0% of the variance in the number of NS&E degrees three
years later.

Freshman intentions data for the period 198589 and college enrollment data were used to extrapolate
bachelors production for the years 1989 through 1993. These extrapolations presage a decline of 12
percent in NS&E bachelors during 1988-1993 (expected to drop from 5.1% to 4.5% of 2-year-olds).

A recently completed study by the Educational Testing Service (ETS) of SAT test-takers is in broad
agrecment with the ACE data. It found that the percentage of college-bound high school seniors
intending to major in a °quantitative science® ficld (defined as all NS&E fields except the life
sciences) dropped from a high of 19% in 1983 to 13% in 1988 (see ETS Policy Notes, June 1989).
Most of this drop is due to reduced interest in computer science. ’

Field Composition of NS&E Bachelors Degrees

If NS&E fields are separated into four major componeots-enginecring,  computer science, physical
sciences, and life sciences—trends  in bachelors degree production can be observed to vary
considerably (see Figure 4). In particular, the relatively nmew ficld of ‘computer science® has bad a
significant impact on the stability of the ratio of NS&E BS. awards to the number of 22-year olds.

-
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From the early 1970s until the early 1980s, the aumber of individuals receiving computer science
degrees was relatively small, and these students scemed to be coming from the same pool as other
NS&Es, particularly those interested in mathematics. The substantial growth in these degrees from
1980 10 1986, combined with the increased in the percentage of 22 year olds getting bachelor’s in
NS&E in that period suggests that recipieats have been drawn increasingly from the pool of studeats
who previously were not candidates for NSZE bachelors degrees. For cxample, they are awarded
disproportionately by colleges with little or no rescarch and development activity, few or no Ph.D.
programs, and below average percentages of total bachelors in NS&E fields. A rise in participation

in NS&E ficlds taken as a whole, observed since the late 1970s, reflecting computer science majors,
has begun to reverse itselfl in the last few years. When computer science B.S. degrees are included,

the annual production of BS. degrees in NS&E bas ranged from a low of 3.7% of 2-year-olds in
1963 to a high of 53% in 1987. Production bhas since declined to 5.0% in 1989.

Field Distribution of NS&E Degrees
1966-1988
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Figure 4

The number of baccalaureate degrees in the “traditional® fields of natural science and engineering
(ic., computer scicnce) has increased steadily over the past three decades, but the growth of the
individual componecats has shifted significantly. New engincering B.S. degree awards grew at a rapid
rate between 1976 and 1985, increasing by 100 percent, but then declined by 10 percent from 1985
to 1988, Computer scicnce degrees showed an ecaormous increase over the same period, growing
nearly seven-fold from 1977 through 1986, and then declining by 20 percent between 1986 and 1988.
Life science degree production showed a different pattern, peaking in 1977 and declining by about
31 percent between 1977 and 1988. Physical scicoces show a similar pattern, peaking in 1982 with
about 14 percent of all NS&E degrees, and thereafter declining about 27 percent by 1988.
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Market Effects

Without some positive action to substantially reverse the decline in student preferences for choosing
NS&E majors, bachelors degree peoduction in the ficlds of natural science and eagineering will Likely
declie. Based on cbservations from the past decade, i appears unlikely that the labor market for
NS&E bacbelors graduates can, by itself, address these emerging eveats by steering an adeguate
oumber of undergraduates inio NS&E majors.

The participation rate for NS&E degrees (excluding computer scieace) has remained fairly constant
8t 45 percent during a period with significant and increasing starting salary premiums for NS&E
bachelor degree bolders. It appears that when increasing oumbers of cligible students ecaroll in one
NS&E ficld, they are generally offset by declines in student participation in other NS&E ficlds. Only
in the computer science field is there strong evidence of market responses which are not offset by
declioes in otber NS&E fields.

The market for new bachelors degree graduates is complex. [In fact, at least two separate or
segmented markets can be identified from starting salary data (Figure 5). Starting salaries for natural
scientists and engineers are coasiderably higher than for other baccalaureaic degrees. Education
majors appear (o have comprised athird group during the 1960s and 1970s, but differences in starting
salaries for education bachelors degrees and other non-NS&ZE degrees have almost disappeared during
the 1980s.

Starting Salaries: NS&E Versus Combined
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Figure §

Market phenomena cxplain some but sot all of the shifts in degree patterns observed during the past
several decades. For instance, the large relative (and absolute) increase in Lberal arts bachelors
degrees during the past two decades bas occurred despite an increasing premium for NS&E degrees.

10
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Much of the increase in liberal arts bachelor degrees has been due to the influx of womes and
minoritics, groups whose viable alternatives may have been an education degree rather than an NS&E
degree. In fact, as the oumber of liberal arts bachelors has increased relative to the pumber of
education bachelors, the starling salary premium for selecting a liberal arts degree over an education
degree has almost disappeared, suggesting that movemeat of individuals across these separate markets
has converted it into a unified market.

Starting salarics, however, are not the sole economic signals affecting degree choice. Lifetime
income, or expected lifetime income, may not mecessarily be closely correlated with starting salaries
and may have a stronger influence on carcer choice. For example, the evident experience premium
for middle-aged business majors who graduated in the early 1960s is higher than the expericnce
premium for enginecering graduates from the same period. Another factor affecting career choice is
potential maximum incomes of the profession, rather than starting or average salaries. A few
individuals in business, law, and medicine bave extremely high incomes, although the average of all
persons in those occupations is much lower. The potential for these extraordinary compensations
scems o entice many people to pursue training in such fields.

Growing Participation by Women

There bas been a slow but persistent rise in the rate of conferral of NS&E baccalaurcate degrees to
women, from less than 1 percent of female 22-year-olds in 1959 to 32 percent in 1986, 1987, and
1988. During 1972-1982 annual awards of NS&E B.S. degrees to females grew steadily from 1.5
percent to 2.4 percent of female 22-year-olds.  In the first five years, the growth in NS&E bachelors
degrees awarded to women was entirely in the life sciences, while in the latter five years it occurred
entirely in the remaining NS&E fields.

During 1982-1986, more than one-half of the growth in NS&E bachelors degrees awarded to women
was in computer science. Io 1982, the conferral rate to women in this ficld alone was only 03 percent
of female 22-year-olds, compared to 0.75 percent in 1986. During 1986-1988 this rate declined to
0.6 percent of 22-year-old females.

The rise in participation in NS&E by females was offset in large measure by a decline in the conferral
rate to males, from 7 percent to 6 percent of male 2-year-olds during the 1972-1982 pericd. The
increase in computer science bachelors awarded to males pushed the aggregate NS&E conferral rate
to males from 6 percent during 1980-1982 back to 7 percent during 1986-1988.

Minority Participation

In 1985, blacks accounted for 13 percent of 22-year-olds but only S percent of NS&E bachelors, and
Hispanics accounted for 8 percent of 22-year-olds, but only 3 percent of NS&E bachelors. College
age blacks and Hispanics are expected to increase their proportion of the total college-age population
from about 23 percent currently in 1989 to 28 percent or more in the year 2000, and 30 percent or
more in 2010, according to the Bureau of the Census.

NS&E Bachelors Degree Productlon Worldwide

A recent look at the population distributions of 29 countries for the next two decades shows that many
pations are experiencing a dip in the 22-year-old portion of their populations. Although it is
significantly more difficult to link their population data to participation rates, extrapolation using
current rates suggests that the production of countries that have increasing populations of 22-year-

olds will roughly offsct the decreases that will be experienced by those in decline. The relative need
for such degrees is, of course, speculative, but the rough indicator of availability is instructive for

1



1113

those who feel that immigration will be a reliable sousce of scicotists or engineers in the years abead
(Figwre 6).

Population—-based Extrapolations of NS&E
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PH.D. DEGREES

The PhD. degree production rate is more clearly affected by market factors than NS&E BS. degree
production, but it responds with a lag because of the long time required to obtain a PhD. degree.
Moreover, in professional disciplines, particularly Ph.D. scientists and eagineers, occupational shifts
arc not ecasily accomplished

The connection between pursuit of the Ph.D. and market stimuli has been progressively weakened
since 1968 by arise of 1.2 years in the average time from bachelors to Ph.D., and by increases in the
tendency of new natural scieace and engineering Ph.Ds to take post-doctoral positions as first jobs.
The percentage of new Ph.Ds taking post doctoral positions (as reported by annual SED data collected
by the NAS in seven ficlds combined that account for about 80% of NS&E Ph.Ds) jumped from 21%
to 34% during 1968-1972 as the job prospects for new Pb.Ds worsened substantially. During 1972-
1980 this post-doctoral percentage rose more slowly to 44%. Since 1980, it has risen very slowly to
49%. Possibly post-doctoral training has become another step for PhDs secking tenure-track

academic positions ip major rescarch universities in the physical and life scicaces.

There is mo coavincing evidence of a historically fixed lick betweea bachbelors and PAD. degree
production despite the relative stability of the ratio of NS&E PhD.’s to the number of N&E bachelors
degree granted eight years easlier (at S percent) over the last ten years. Examined over a longer
period of tweaty years, the ratio has varied widely. It is difficult to measure real continuation rates
from a particular NS&E bachelors cobort to the doctorate with precision, due to the wide age

12
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distribution of Ph.D. recipieats (90 percent of whom are 25 to 37 years old) compared to bachelors
recipients (90 perceat of whom are 21 ‘5 24 years old). Nonetheless, trends in the mean and median
ages of new Ph.Ds, coupled with annual bachelors and doctorate graduation figures and bachelors to
Ph.D. crossover teodencies, permit caiculaiion of approximate coniinuation ratzs. These raies rose
substantially during the 1960s and rcachud a peak considerably above 10 percent in 1971 and 1972
After that, continuation rates dropped substontially until 1977, to about 6 percent. In this paper, we
bave used the simple ratio of Ph.D.'s to bachelors granted 8 years carlier to represent combined
continuatios ratio.

During 1977-1985, continuation rates across all fields of NS&E combined dropped slowly to about
5.2 percent, and during 1985-1988 leveled off or recovered slightly, back to S5 perceat. But because
the mix of bachelors degrees has been shifting towards ficlds with lower-than-average  continuation
rates (e.g, most engineering ficlds and computer science), the overall continuation rate has remained
unchanged in the ncighborhood of 5+ percent. In this paper, we have use the simple ratio of Ph.Ds
to bachelors granted eight years earlier to represent combined institution rates.

The major reason for the reduction in continuaticn rates is a reduct:on in demand for such specialized
skills. Ph.D. level training is required primarily for upper level college teaching and for basic and
applied rescarch in universities, industry, and government. These needs have vadillated over the last
30 years. When needs plateau or decline, job vacancies are reduced to replaccment positions for
retirees or less.

Foreign Students

Although Ph.D.s trained in foreign universities have oot been a significant source of new NS&E
personnel, foreign doctoral students studying in US. universities have been 2 significant source of
supply of NS&E doctorates. In 1988, these foreign students accounted for more than 28 percent of
pew NS&E Ph.Ds, and 15 to 20 percent of additions to the U.S. NS&E Ph.D. labor force. U.S. annual
Ph.D. production in all ficlds of NS&E approximately tripled between 1960 and 1971 to almost
14,000, dropped gradually until 1978, then slowly recovered during 1978-838 to 14,600. Most of this
recovery was due to a rise in Ph.D.s conferred to foreign citizens who were in the United States on
temporary student visas. Anoual awards to foreign students jumped to 4,390 in 1988, an increase of
470 over 1987.

A key issue for the future is the trend of foreign Ph.D. production in US. universities, and the role
of foreign doctorates in the US. system of education and rescarch. The U.S. retains about half of the
foreign-born Ph.D. candidates as members of the workforce, and retains most of the doctorates
carned by holders of permancnt resident wvisas.

It is generally possible for a newly graduated Ph.D. of foreign citizenship to acquire entry level
positions in the US. labor market under current immigration practices. The recent changes to the
immigration law make it casier to offer citizenship to foreign pationals who have skills which are in
scarce supply or for other reasons, highly desirable.

PROJECTED FUTURE DEMAND FOR NS&E'S

This paper bas purposefully avoided making projections of the future demand for NS&Es even though
this information would be valuable if it were reasonably accurate. Future demand is cleariy important
in determining precisely the adequacy of cxpected Ffuture degree production. However, such
estimates depend on extraordinarily complex estimation procedures, which are still captive to key
assumptions. Key factors affecting future demand which must be °predetermined” (assumed or
independently estimated) are the rate of growth of GNP (and key subseciors of the U.S. economy),

13
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independent clhanges in spending oo R&D (especially, changes in defense R&D spending), and
changes in bow natural > ientists and cogineers are used in R&D and other activities.

Using “best-practice® forecasiing techniques, Scicnce & Engincering lndicators - JOf9 has offered the
projection that US. private indusiry will create 600,000 more jobs for S&Es during 1988-2000, ac
increase of 33 percenl cver the 19 million S&E jobs extant in 1988 in private industry. This
projection uses the “mid-level® growth rates for key variables, and an occupational structure matrix
developed by Burcau of Labor Statistics to transiate total employment projections into S&E
employment projections. What are the high and low boundaries surrounding this projectio. betweea
which we can be highly certain sctual job gromih will fall? The answer iequires us to coasider that
the growth rales identified as “mid-level® in 1988 may be considerably higher than 1991's consensus
mid-level rates. Furtbermore, technological change has been found to be a larger source of growth
in employment of S&Es in the past than simple economic growth. But technological change has not
occurred smoothly or predictably. Consequently, actual employment growth of S&Es during 198%-
2000 may turn out o0 be much smailer or much larger than 600,000.

Bachelors Degree Projections The 25 percent decline in the number of 22-year-olds over the 1983-
1996 period is the primary cause of the anticipated decline in NS&E bachelors degrees. The
projections in this paper assume that the declining participation rate will level off at 4.5 percemt of
22-year-olds.  The number of BS degrees in all fields of NS&E grew about 3 percent per year during
the period 1977-1985, but dcclined at the same rate since then. During the 1986-88 period, bachelor’s
degrees in NS&E ficlds dropped by 21,000, equivalent to 10 percent of the 1986 total.

The reasons for decline in proportion of 22-year-olds pursuing am NS&E degree are not a1 all clear,
The data onm characteristics of college studeats gives some insights however. The “typical’ college
student of the past was a white male, who enrolled in college immediately after high school and
earnzd 2 bachelors degree four years later. Today there are increasingly fewer siudents fitting this
stereotype, and the expanding female and cthnic group components of college enrollments
traditionally bave had less interest in science and engineering curricula.

Ph.D. Productioa Market coaditions and demographic trends will affect future supplics of PL.Ds.
Ignoring market effects, if the rate at which BS. graduates pursue the doctorate remains fixed at
current rates in Natural Science and Eangincering and if the sumber conferred to foreign citizens
remains unchanged then the number of mew NS&E Ph.D.s will rise slightly uatid 1993, and then
decline rapidly through the first decade of the mext ceatury.

It is difficult to predict with any degree of certainty the need for NS&E Ph.Ds. New PhD. scieriists
and engineers are meeded to replace those leaving the professions aod to expand the growtl setors
of the economy. Figure 7 shows an estimate of the replacement demand for academia, business and
industry, and other (including government) sectors. Replacement is principally for retirements, which
are rising in all sectors. Curreatly, about 5,000 positions become available annually due to deaths and
retirements of NS&E PhDs This source of job openings is expected to rise to 6,000 ia the
mid-1990s and to accelerate to 8,000 at the end of this ceatury and to 10,000 in 2006. Replacement
demand for faculty will increase substantially, from about 2,900 at present to about 5,700 in 2006.

Demand for wew PhD. positions is driven by the growth of rescarch and dewvclopmest expeaditures
and the salaries commaaded by PhD. gradustes. lIgnoring the market effects on salaries, an upper
bound om demand can be calculated from assumed growth rates in R&D expenditures and assumed
higher education earollment rates. The top curve in Figure 8 assumes continued gromh of R&D

extrapolated from the last 20 years. Again ignoring market effects, a “business-as-usual® projection

i4
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Expected Replacement Demand for NS&E
Ph.D.s During 1988-20086
By Sector

Theusenda
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Figure 7

of PhD. graduates can be made, as shown by the middle curve in Figure 8. A lower estimate of
demand is also shown, which assumes zcro growth after 1999, with growth in R&D tapering olf
gradually before that time, so the demand is only replaccment of persons leaving the workforce after
1999,

The ultimate resolution of supply and demand occurs through the workings of the market. But the
market response for sew PhDs occurs with a considerable lag, as it takes about eight years b:yond
the BS. to carn a Ph.D. Many complications result from this lag. For example, oo gromth in demand
for new Ph.D.’s sends asignal discouraging pursuit of Ph.Ds. by eligible NS&E B. S. graduates. Such
a signal ma; well reduce the number of mew Ph.Ds eight years later, a lime forecast to “need”
significantly more PhD.'s in the future, whea needs are projected to climb. A further complication

to estimating the future supply and demand for new Ph.Ds is whether the preseat 50 percent rate of
absorption of foreign students into the labor force will be maintained.

SUMMARY

Empirical cvidence suggests the possibility that the rate of NS&E BS. degree coaferral to 22-year-

olds will coatinue to fall for the net few years. Projections in this paper assume that the average

percentage of 22-yearclds earning bachelors in all NS&E fields (includisg computer scieace) will o

decline afier 1991 to 4.5% by 1998 and remain at that rate thereafter. If this participation rate remains

constant as assumed, the factor controlling future supply of mew bachelors-level scientists and
i which they drawn.

are

The picture is more complex for the supply of mew science and engineering PhDs.  Estimates of
*ceeds® indicate current asnusl awards of Ph.D. degrees are adequate in the near future, until sround
2008, However, should research growth increase at the same level as it bas over the last 20 years,
annual awards of NS&E Ph.Ds degrees at the projected level will be increasingly below °needs® after
1993.
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NEW NS&E PH.D. AWARDS AND NUMBER
OF POSITIONS UNDER TWO ASSUMPTIONS
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Figure 8

Any portion of the analysis thus far could be questioned by those who feel assured that future events
will occur to modify historical patterns. There is no compelling argument that past behavior will
continue, regardless of how persisteat the past bebavior has been. But those who argue for the
occurrence of institutional change must surcly present more evidence than enthusiastic belief in their

On the other band, over the long term in a market economy the society will get what can

afford to buy. Public policy becomes operalive when market response is considered inadequate.
Figure 9 illustrates some of the trends discussed in the carly part of this paper and other trends in our
cconomy related to "needs” for scentists and engineers:

Total population will continue to grow throughout the century, meaning that the
ecopomy will still have to support an expanding consumer market

R&D in constant dollars aiso shows a long-term growth trend, though it has never
reached its earlier 1960 levels.

GNP has also continued to grow over this century. High technology industries have
become increasingly important to the economy.

The stock of NS&E BS. and Pb.D. degree holders bas continued to grow.
The total number of bachelors degrees awarded annually bas continued to grow.

The future being, by definition, unknowable, allows all sorts of possibilities as to how techaologically
dependent or sophisticated we will be and what this will mean for our education system. This analysis

16
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Long—-term Trends in S&E Human Resources
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Figure 9

depends on knowiedge of the past and the present trends in new NS&E degree production and
employment. The question of whether we will “peed® a specified oumber of pew NS&E degree
holders in future years depends on the relative rates of growth of our economy in areas requiring
spedalized scientific and technical knowledge. Whether our education system is able to adequately
respond to such ‘beeds’, or whether intervention from the public sector is desirable, are open
questions.

17
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APPENDIX 5

Additional documentation of use of NSF draft reports.
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LORETECH

COUNCIL 0N RESERRCH RAD TECHNOLOGY

Executive Summary

For some time, the United States research community has
been concerned about the education and iraining of America’s
current and future scientific and technical work force. We are
pleased to hear leaders in the new Administration and Congress
express similar concerns, and we look toward the 101st Congress
with hope that steps can, and will, be taken to provide high-
quality science, mathematics, and technical education for all our
nation’s children and for our work force.

The Council on Research and Technology (CORETECH) has
a number of key priorities on its public policy agenda for 1989.
This year and beyond, we seck long-term stability in U.S. public
policies that affect R&D. In part, this stability will be reached
through a permanent R&D tax credit, permanent resolution of the
disincentive problems with Treasury Regulation 1.861-8, funding
for modernization of universily rescarch facilities, and doubling of
the National Science Foundation budget by 1993.

Enhanced science, mathematics, and engireering education fits
well within CORETECH’s general public po'.«cy agenda because
better education and training also rclate to the long-term
foundation that must be laid in order for the United States to
maintain its technological world leadership. As the work of the
new Administration and the 10ist Congress progresses,
CORETECH will continue its efforts to identify specific measures
that may improve the training of our scientific and technical work
force.

Since early 1988, the 161 universitics, corporations, rescarch
institutes, and associations that comprise CORETECH have been
discussing education and (raining of the scientific and technical
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work force. In order to share our deliberations with p

makers, as well as with other members of the research comn

ty, we have prepared the following position paper. It high'

some of the problems that we have experienced as most pres:.
and includes recommendations to address these problems.

CORETECH is particularly pleased to have the endorsement
of the Council on Competitiveness, which supports the findings
and five broad recommendations set forth in the enclosed
statement. We are appreciative of their assistance in bringing this
position paper to the attention of policy makers and educators,
and for their support in the dissemination of the document to the
American public.

There ar¢ numerous indications that the education of our
current and future scientists, engincers, and technicians is
inadequate:

Under present circumstances, projected student demographic
trends will not produce enough scientists and engineers to meet
the nation’s needs. Moreover, the number of current scicnce and
engineering undergraduate and graduate students is decreasing,
while federal financial support for undergraduate and graduate
students has fallen dramatically.

In addition, we face a shortage of faculty in key scientific and
technical fields, and academic rescarch facilities are deteriorating.

Pre-college science and mathematics preparation is alarmingly
inadequate, and at the other end of the scientific and technical
work force pipeline, opportunitics for career-long continuing
education are insufficient.

Corporate managers of technology are one of the most critical
links between innovative research and commercial application.
However, opportunities for career-long education in technology
management are inadequate.
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To find permanent solutions to these problems, we all must
work together. Yet, coordination among key decision makers is
often deficient.

Corporations, universities, state and local governments, and
professional societies share a great deal of the responsibility for
high-quality education of the work force. The CORETECH
position paper discusses how companies and universities can fully
contribute to this education and training. In addition, it recom-
mends that the federal government take the following steps:

1. Focus appropriate attention and resources on federal
mechanisms to bolster eclementary and sccondary
science and mathematics education, recognizing that
the foundation laid by early education is critical to
the entire scientific and technical pipeline and that
thc primary responsibility for the United States’
elementary and secondary education system lies with
state and local government.

z Substantially increase support for undergraduate and
graduate education in the sciences and engincering
and for moderaization of university rescarch facilities.

3. Expand programs to raise the percentage of women
and minorities in our scientific and technical work
force.

4. Support, and stimulate, career-long continuing

education programs.

5, Foster communication and collaboration among
government, industrial, and educational partners to
maintain the excellence of our scientific and technical
work force.

Training of the scientific and technical work force is too
important to our cconomic and general welfare, and to our
national security, to be neglected. We face significant shortages
in the supply of highly-trained scientists, engincers, and

i
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tech. .ians. In addition, we need to greatly improve the scientific
and technical iiteracy of the overall population. We urge our
national leaders to join with us in these efforis.

Dr.“Koland W. Schmitt Admiral B.R. Inman
Chairman (Rensselaer Vice Chair (Westmark
Polytechnic Institute) Systems, lnc)

Dr. Stanley O. lkenbe D Jane Armstrong

Vice Chair (Umvcrsnty Vnce Chair (Houston .c3
of Illinois) Research Center)

Heroe 7. Bedato, Om%

George T. DeBukey v Peter F. McCloskey V
Vice Chair (ADAPSQ, Inc)  Secretary (Electronic
Industries Association)

e Dere Qo ot

llene B. Jacobs Donald L. Hammond
Treasurer (Digital Chair, Policy Committee
Equipment Corporation) (Hewleu Packard)

W%‘- I{Q Donald J. 2&&

William D. Stotesbery C”
Vice Chair, Policy Committee Vice Chair, Policy Committee

(Westmark Systems, Inc.) (Georgia Institute

9/ of Technology)
Juserdi A, sieiloor

/Dr. Joseph A. Saloom
Founding Chairman
(M/A COM, Inc.)
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MAKING U. S. MATHEMATICS EDUCATION THE BEST IN THE WORLD:

THE ROLE OF THE FEDERAL AGENCIES
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Mathematical Sciences Education Board
National Research Council
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Federal Interagency Committee on Education
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SUMMARY
MAKING U. S. MATHEMATICS EDUCATION THE BEST IN THE WORLD
THE ROLE OF THE FEDERAL AGENCIES

INTRODUCTION

On March 22, 1989, a unique conference was convened at the National Academy of
Sciences in Washington, D.C., by the Mathematical Sciences Education Board (MSEB)
and the Federal Interagency Committee on Education (FICE).

The purpose of the Conference was to address the impact on federal agencies of our
declining national status in mathematics. Although, in recent years, national educators,
policymakers, community leaders and members of the business community have begun
to address this issue, there has been little awareness of the effect of this situation on the
ability of federal agencies to carry out their important governmental roles.

Each federal agency is dependent on a high quality workforce and competes within the
government and with private industry for the members of a declining pool of
mathematically competent workers. The Conference was designed to review the
implications of the continuing decline in the mathematical and scieatific pool, to define
the special skills needed by federal agencies and to develop a plan for belping federal
agencies improve the long-term ability of the federal government to have access to a
pool of p:tential employees to help fill their future needs for mathematically competent
personne

The conference was opened by Dr, Frank Press, President of the National Academy of
(lctod  the 403 of s Someasey) showed am Eopresine Sodacs povornment

isted at is Summary an impressive government
commitment to education. He noted the statements of President Bush to make
education one of the priorities of his administration and to focus 'gumwlarly on
improvements in the teaching of mathematics and science. The National Academy of
Sciences currently is involved in many projects which reflect this same priority, including
bands-on science education projects with the Smithsonian Institution. The National
Research Coundil, in establishing the Mathematical Sciences Education Board, also
committed itself to a major role in the reform of mathematics education from
elementary schools through graduate school. The MSEB is addressing es needed
in curriculum, teaching methods and testing, and will be a continuing force for durable
improvements in mathematics education.

Dr. Miltop Goldberg, Director of the Office of Research at the U, S. Department of
Education, noted the need to change societal attitudes about mathematics, American
students are not learning mathematics well enough for the U. S. to maintain a position
of leadership. A Nation a¢ Risk, published by the Department of Education in 1982,
dramatically described our declining educational status, and although some
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7. A serious barrier to improving mathematics education is the failure of the public 1o
understand what mathematics is and what it can do. The public sees mathematics as
a fixed body of arbitrary rules where every question has one exact answer, rather
than a field that deals with relationships and pauerns.

Zverybody Counts is a public preface to the long-term plans to involve diverse publics in
matbematics education reform, recognizing that reform cannot come without the
informed support of the larger public. It will require years of responsible and objective
discussions, the development and dissemination of models, public information
campaigns, and a sustained effort leading toward success. It cannot be another
"bandwagon” in which cynical teachers decide to wait out yet another reform effort.

A national consensus must develop on goals, standards and policy that will actively
involve local school systems and will permit voluntary local implementation efforts,
variations and options. The new Curriculum and Evaluation Standards for School
Mathematics, developed by the National Council of Teachers of Mathematics, will help
set these national expectations. In late 1989, MSEB also will release a document about
expected curricular revision and organization by the year 2000.

MSEB will initiate a Year of National Dialogue on reform of mathernatics education. - -
This national debate is not intended to produce a single federal solution. This
discussion will benefit from the participation of all the federal agencies in the process of
improving the intellectual health of the workforce. It will require collaboration without
consideration of turf; effective national leadership, but not control. Allies will be
needed to work on mathematical reform from preschool through graduate school.

Shirley Frye, the President of the National Council of Teachers of Mathematics briefly
explained the new NCTM Standards and shared a copy of the Executive Summary with
each participant at the Conference. The goal of the Standards is to help students value
mathematics, become confident in their ability to do math, become mathematics
problem solvers, and learn to communicate and reason mathematically.

The mathematics skills needed today are not generally those studied in the traditional
sequence. Technology has broadened the area in which mathematics is applied, made
graphing and calculation much easier, changed the nature of problems important to
mathematics and enlarged the methods used to investigate problems. Calculators and
computers must become available to all students and students need to learn to use them
to process information and investigate problems. The vision must be to change
mathematics from preschool through higher education by setting higher standards and by
having higher expectations that those goals are achievabie for all children.

Dr. Bassam Shakhashiri, the Assistant Director for Science and Engineering Education
of the National Science Foundation, addressed the dimension of the challenge before us.
He noted that the situation is more critical than what we faced in the post sputnik era
because our population has increased by S0 million people in the past 30 years. We
have more students to teach and need more qualified teachers, yet societal institutions
are sluggish in responding to a change of that magnitude. The system is not supplying

4
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the number of scientists that will be necessary to maintain our position in science,
technology and a giobal economy.

U. S. citizens now live in an advanced scientific and technological society so that even
non-specialists need to understand, for example, the difference between astronomy and
astrology, benefit from the advances in the nutritional sciences, deal with population
control, and understand the greenhouse effect and the depletion of the ozone layer.

The National Science Foundation is trying to promote the flow of talent into
mathematics and science careers and to create a supporting environmeat for those who

¢ these careers, but it also aims for a mathematically and scientifically literate
population required by an effective democracy. International mathematics comparisons
are embarrassing to us, yet we know that children in the United States are not less
capable than those of other nations. We have the national capacity to deal with these
issues. Do we have the national will o do so0?

By the year 2000, the U.S. will have a shortfall of about 430,000 holders of B.S. degrees,

and this will have tremendous consequences on our national economy, national defense

miéinizeﬁominspm.em There will also be a shortfall of 8000 PhD graduates in
e

Although four million entering high school students express an interest in careers in the
natural sciences and engineering, the number drops from 750,000 in the sophomore year
to 590,000 seniors. In college those numbers continue to slide to 340,000 as freshmen
and only 200,000 earn such degrees. Only 61,000 go on to graduate school; 46,000 get a
Masters degree and fewer than 10,000 a PhD. Clearly, the pipeline is not only leaking:
a hemorrhage is happening. The problem is even greater when one looks at the
demographics in the country and recognizes that among the nearly 10,000 PhDs, only 10
are Black Americans.

Attitudes about mathematics are formed long before the high school sophomore year,
and that is why interest is growing in efforts with elementary school students. There is a
tremendous loss of potential talent in most minority school populations, and when this
fact is linked to the high dropout rates, it becomes increasingly difficult to develop a
mathematically literate population. Our reason for reform must not be to beat the
Japanese, but to ensure that we improve the ability of every member of society to
participate in and contribute to informed national decisions.

High standards should not be viewed as "locking someone out® if we provide the means
for the general population to achieve those levels. That is why the NSF supports the
efforts of the Mathewmatical Sciences Education Board and the National Council of
Teachers of Mathematics t0 do more than set the standards - we must help students
achieve these standards. The federal government sets standards in many fields and
helps all concerned meet those standards; for example, the FIDA checks and approves
over-the-counter medicines; the FBI cooperates with state and local law enforcement
agencies; the federal highway agencies control funds tied to state speed limits.
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line.
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to returmn phone
calls.

oEight months
opening direct
mail.
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objects.
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Teenage boys start having sex
earlier than female teens. Almost
half of males have had sex bv age
16, compared to just over one-
quarter of gurls at that age.
according to a 1987 National
Research Council study.

A 1987 Search Institute survey
also uncovered a divergence in
how much teenage boys and giris
tatk snd thunk about sex. By minth
grade more than half of all boys
said they thought and talked
about sex often and liked R- or
even X-rated mowvies. Only about
one-third of ninth-grade guis sad
ves to those questions.

The CDF concludes that sex
education falls short when it fails
to recognize such important
differences. For teenage boys.
their first sexual expenence may
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manhcod —- a rite of passage —
and changing this perspective s
cnitical to reducing teen
pregnancy. They recommend
sex-education programs that
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gettinga jobor adiploma. -Es
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of 22 vear-olds receiving science
or engineering degrees has
remained constant at about 40 to
50 per 1.000 undergraduate
degrees. a National Academy of

Sciences (NAS) study found.

But by the end of the century

the number of people in that
age group will drop by

25°

o. The degree
attainment rate would
=4 have to rise to 65 per 1000
Just to keep the supply
steady.
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are getung degrees in these preventing a scientific shorttall
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ep‘%ﬂ‘] school students are not

interested in studving science by

In an era when researchers hope
1o develop an AIDS vacune,
teach computers to think like the
human bramn and fiv astronzuts to
Mars, the demand for trained
scientists and engineers 1s

aceonding to Betsam ShakSembin,  (1ic 10th erade. the tine when
, 0 ouaintant director it the many of the basic science courses
Nationa! Science Fountation. have already been taken.
For the last 15 years, the number Mwhﬂwﬂd
the crisis.iCaomparisans of U.S.
students and their counterparts
i1 othesr industrial natioes reveal

that our 9- and 17-year-
olds lag behind in scence
and math achieve-
mey. Shakhashi
says. The latest
International Assess-
ment of Math and
Science, an 11-
country study con-
ducted by the Nauonal
Science Foundation
and the U.S. Department
of Education. found that our 13-
year-olds finish last in math and
near the bottom in science. —Es
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Wanted: 675,000 Future
Scientists and Engineers

A shortage of technically trained workers is looming, unless more
women and minorities can be attracted to science

THE JOBS MARKET for rescarchers with
freshly minted Ph.D.’s 1s tight nght now,
creating tough compention for those who
want ro advance in sciennfic and rechnical
ficlds. But 1f the Nanonal Science Founda-
ton’s vision of the future is correct, the
siruation will soon reverse. A “sellers’ mar-
ket” will develop over the next decade,
according to NSF, in which companies and
universinies will be falling all over each other
to recruit young scientists and engincers to
replace oider emplovees who are coming up
for retirement.

Thar will be good news for those now i
the educational pipeline, but it could spell
disaster for the U.S. economy. Even though
better opportunities should lure able stu-
dents into scicnce, a shortfall of about half a
million scientsts and enginecers is expecred
to develop by the end of the century. And
this shortfall is looming at a ume when
overall educational standards in the United
States are dismally low in comparison with
those of America’s major industmal competi-
tors. Says William O. Baker of Bell Labs, the
country can no longer operare on the old
assumption that “the gifted and talented will
sce us through.”

The crisis that is being widely predicted
over the next decade is rooted in an incon-
trovertible demographic fact: because of low
birthrates in the 1960s and 1970s, the col-
lege-age population—the raw matenial for
tomorrow’s educated workforce—is shrink-
ing. According to the Gensus Bureau, num-
bers of 18- to 24-year-olds will bottom out
at a lide under 24 million in the mid-
1990s—comparcd with a peak of over 30
millicn in 1980. Currently. a little over 5%
of 22-year-old Americans carn B.S. degrees.
Unless chat fraction is increased, says NSF,
there will be a shortage of 400,000 scientists
and 275,000 engincers by 2006.

Although the dip in the coliege-age popu-
lation will be temporarv—the children of
the baby boomers will be entening their carly
20s in growing numbers in the late 1990s—
the nation could still be faced with a short-
age of scientific manpower over the long
term because of growing proportons of non-
whites in the population. Current new addi-
tons to the workforce are mainly women,
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unmigrants, blacks, and Hispanics, groups
that have tradinonally been grossty underrep-
resented in science and

In tact, Jaime Qaxaca of Non'hmp Indus-
trics, a member of a congressionally esrab-
lished task force on women and munonaes
1 sience, savs recent trends make the NSF's
shordall projections “look super-optimis-
tic.” Says Oaxaca: “The dilemma we facc is
by and large Amenica doesn’t believe there’s
a problem because Amenica’s a short-term
thinker.”

Orhers are more sanguine. Hithiard Wil-
hams, rescarch director at Monsanto Corp.,
admirs that a look ar the demographic pic-
ture could casily persuade one that “we are
headed for a period of immense crisis.” But
he belteves that the fears are exaggerated and
that market demand will draw in more
people, pammcularly forcigners, to fill the

g2p. Aggressive recruitment of women and
munoniucs is essennal, he says, but as far as
such programs arc concerned, “I don't see
much of anything having a profound effect
in less than 10 years.”

Engincer Mildred Dresselhaus of the
Massachuserts Insurute of Technalogy, who
hcaded a2 Nanonal Academy of Sciences
workshop on women in science and engi-
neening, says that despite spot shortages, the
manpower crunch is yce (o be felt at higher
degree levels. At the moment, she says,
students fresh out of graduate school are
actually encountering a constricted job mar-
ker. Industry demand s “soft” because of
slow growth in R&D expendirures and aca-
dermic rescarch funding 15 ughr. Bur al-
though shic believes “demand and supply are
precty well marched now,” she predicts “the
tide will curn very rapidlv” as the rate of
retirements accelerates in academia.

On onc point, all are agreed: If a long-
term shortage of scientists and engineers is
to be averted, unprecedented numbers of
women and minorities will have to be at-
tracted to technical carcers. There are a few
bright spots. Asian Americans, for example,
are heavily invested in natural sciences and
engincering; although they constitute only
2% of the population, in 1986 they gar-
nered 5% of the doctorares in these ficlds.

But overall, recent trends provide scant hope

The Ph.D. Shortfall

Source: NSF

The NSF has predicred a shortfall
of 675,000 scientists and cngincers
by 2006 as a result of the dip in the
college-age uon in the
1990s. Tlus assumes that about 5%
of 22.year-olds will ger B.S. de-

grees and 5% of B.S. holders wall
obtain 'h.D.’s. A shortfall of some
9000 Th.D’s is anucipated by
2000, assurmung the rnarket causes a
ns¢ in salanes. The situation is ag-

gravated by the accclerating pace of
renrerments from  acad

20C0, about one-thurd of the cur-

rent faculey wall have to be replaced.

White men now make up 47% of the total
workforce and abour 80% of the science
and enginecring workforce of 4.6 million,
But they will constirute only 15% of the
nect number of 25 miilion people entenng
the workforce in the last 15 years of the
century. By 2010, dhey will make up kess
than one-third of the college-age popula-
ton.

Tﬁe Decline of the
White Male

Source: U.S. Department of Labor
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that women and minonues wall plug the
projected gap.

The number of women planning careers
in scrence and engineering appears to have
plarcaued after peaking in the late 1970s.
Female participanion in the science and enga-
neening worktorce has grown to about 15%
from 13% a tew vears ago. The slowdown 1s
not surprising: Women scientists stll sutfer
higher unemplovment, lower pay, and fewer
opportunities for promotion at every degree
level than do males. According to the Office
of Technology Assessment (OTA), “the
gender gap in recruitment to and participa-
ten in scence, teduced by ovo decades of
gains, 1s in danger of widening again.”

Although women account for about one-
thurd of afl dodorates in the sciences, ther
tend to be concentrated in the socal sciences
ad psvehclogy. In factr, the number of
Ph.D’s awarded to women in narural and
computer wiences has staved flac since 1983,
A simular pattern prevails at the undergradu-
ate level, with some exceprons—ftor exam-
ple, 38% of the freshman class 2t MIT is
now femake. The Educauonal Testng Ser-
vice reporrs that only 11% of femaie SAT-
takers, compared with 34% of the males,
plan o study the physical sciences in college.

The situation for blacks and Hispanics 1s,
unfortunatcly, cven worse, because both
groups continue 1o lag far behind whites

i
{
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trom early elementary school onward. “The
parucipation of blacks and Hispanics in
engincering, as well as the physical saences,
shows lirtde sign of substanual increase,”
says the OTA.

Ir some sespects, the lot of blacks, partic:
ularly males, has acrually been detenioratng
Blacks, now more than 12% ot the popula-
tion, make up abour 2% of the science and
engineenng worktorce. Although vanous
reports claim that they now graduate from
high school in roughly the same propornion
as whites, the percentage of blick high
schoo. graduates going on 1o college
dropped from 33% 1o 26% 0 the Jecade
ending in 1986, This mamnly retlecrs the

dramatic drop in biack males going to col- |
lege: black females on campus generally i

outnumber black males by two w one.

At the Ph.D. level, the situation s even
bleaker. According to the Nanonal Research
Council, the rumbers of blacks carming
Ph.D.s n all fields has dropped by 27% in
the past decade. More than half of ail black
Ph.D.’s are in educarion. In 1988, according
to the NSF, the combined total of Ph.D s in
the natural sciences and engincering for
blacks and Hispanics was a mere 287.

Hispanics, who now make up perhaps 9%
of the population, have the worst high
school dropour rate of any group and, as
with blacks, college enrollment has declined

Minority Progress Stalled

Blacks, Hispanics, and Amencan Indians
conunue t show high drop-out rates from

15 1 £ Amer ing ‘Alaskan

@ AsanPachc
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@ Blacn
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Source: Educaring Saentists and Engineers, Grade School 1o Grad School, OTA, 1988

Women ger almost 40% of B.S.
degrees and have been making
gans i graduare school. But
female mterest in engineering
seems 1o have platcaued since
1983. Heavilv represeneed in
biology, health sciences, and
psychology. they get only 16% 20
of doctorares in the physical sci-
ences, 10% in computer sa iy
ence, and 7% in enginecring. h.;ﬁ :
Asian women are the only ones "‘
whao violate the overall pattemn:
the highest number of B.S. de-
Brees re 1N COMPULET SCICTICES,
math, and brology.

“Women Nof Following in
.Male Footsteps

high school and college, and college arten-
dance has dechinied over the past decade.
Blacks and hispanics make up more than
20% of the populanon bur get only 7% of
BS. degrees and 4% of all science and
engineering doctorates. In physical sar-
ences, engincenng, math, ard computer
sciences, proportions of blact and Hispan-
w doctorates each hover in -e neighbor-
hood of 1%.

Illustrations by Jubie Cherry
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in the past decade. Morcover, only 25% of
Hispames who attend 4-vear colleges persist
to get their bachelor’s degrees Despite their
smaller numbers, Hispanics are getting
roughly the same percentages of higher de-
grees in the sciences as blacks.

Can the pull of market torces lure more
women and minorites o suennfic ca-
reers, as Monsanto’s Withams hopes? Even
he 1s discouraged that “the minoniy com-
mumity doesn't reahize what a gold mune of
upportumity sits there todav ™ Industnal
competiion for minonues and women “is
absolutely ferce™ and big companies are
somenmes ofening them bagher salanes than
white male compentors. But despite that, he
savs, “the hardest thing i the world 1o ind
s 2 Ph.D female jor black or Hispanici
chemust.”

The NSF does not express all that much
optumism that the market alone will be
enough to fill the gap. Peter House ot NSF
says the greatest immediaie pavotf would be
from efforts to improve the college retention
rate of students who already have an ex-
pressed interest in science and engincering.
In an Apn! report on future scararnes of
scienusts and engineers, the NSF savs the
problem could also be remedied i1f the 8% of
high school graduates who don't go on to
higher education, but whose grades and
course-taking quality them as “apparently
abie,” could be induced to go to college.
Furthermore, the agencv savs increased
scholarship support would provide quick
resuits, especially at the Ph.D. level. For-
eigners won't make up the shorrfall, it savs,
unless there are “significant reductions n
barziers to obraining student visas ™

There are enormous numbers of govern-
ment-, university-, and industry-sponsored
programs now operating at all levels of
education that are designed to raise the
participation of women and minorities in
science. But the NSFE report says that “it is
100 late for precallege programs to contrib-
ute™ to alleviaung looming Ph.D. shortages
in science.

To NSF director Enich Bloch, it will take
20 vears to bring about necessary improve-
ments in precollege education. But even if
schools eventually succeed in providing a
solid early foundation tor all srudents, there
is no guarantee that blacks and Hispanics—
Or WOmMET—are going o gravitate in great
numbers toward physics, math, computers,
and engineering. Policy-makers seem to
have adopted the implicit assumption that
these groups should ultimately distribute
themsclves in the disciplinary patterns fa-
vored by white malc:. But it may be that as
the demography of science shifts the land-
scape too will be altered.

@ CONSTANCE HOLDEN
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EDUCATION

Science and Math Training
Stirs Concern on Hill

Business, academic groups warn that U.S. is lagging,
but budget squeeze keeps funding modest

wiespread  concern
oer the sorry stale
ol science and math

educatiun i the United
States has prompted much
hand-wnnging in  Congress
over the vears and some new
federal programs, but rela-
tively hittle moneyv.

This vear, with interest
peaking vet again, the out-
come probably will not be
much diiferent. The only pro-
posals under active consider-
ation are limited, largely sym-
bolic and in some wavs self-
serving — a smattering of
college scholarships, includ-
ing, in une propasal, two for
each congressional district.

“Those scholarships are
nice. hut 1t’s nat much; the
proble 1« huge, and getting a
few more scienuisis or a few
more science teachers is not
gomng to solve the problem.” savs E.
James Rutherford, director of an
American Association for the Ad-
vancement of Science (AAAS) project
aimed at improving math and science
education in the United States

Respunds Rep. Doug Walgren, D-
Pa.: “Clearlv, we're not saying, or even
sugpestuing, that this bill 1s going ta pro-
vide the support for the breadth of
math and science training that this
country is going to need. It is, 1 think,
an important svmhol. ... We are Lrying
1o set an example.” Walgren 1s the
spunsor of HR 996, which includes the
two-per-district  scholarship  propoesal
approved hy the Science Commitlee
Julv 27, (Weekiy Report p 1970)

In the apge of the budget deficit,
Capitol Hill's response to the math
and science education problem is not
unique ‘The plagues of drugs, home-.
lessness, pollution, and inadequate ac-
cess 1o health care all produce boud

Iy Phil Kuatz

science at all leveis of education.

calls fur action, some new programs
and not much money. Pitted against
those societal ills and others, science
and math education isn’t likely to top
the nation's ggenda any time soon.
The issue, rowever, provides an in-
teresting look st one of the nation’s
lesser-known problems -~ a crisis
waiting Lo happen, some experts say.

The Chalienge

Hardly anyone disagrees that ithere
is & problem.

“The harsh truth s that science
and mathematics education in the
United States is 1n bad shape.” savs
Ernest 1.. Hover, president of the Car-
negie Foundation for ithe Advance-
ment of Feaching.

‘The natwon’s schools -~ already
battered for faihing to teach thewr
charges to read nud write — are turn-
g out what experts call “technaiog
callv alhiterate” students. Many teach
ers are conspdersd unguahihied to teach
theiwr e-th?(Ir. Some experis are pre

nul'hcu Asst\c:mol -nom l|lu'
Science groups sy not enough sludents are pursuing math and

dicting mnssive shortages ol
scientists and engimeers s the
21st centuny dawns (Graphis,
pp 2181, 2183

Such concerns are heght
ened by the Ulnited States’
tenunus  position  in the
world’s increasingly interna-
tional  marketplace. While
still 8 dominant econamy. the
country suffers from a mas-
sive trade deficit, exacerbated
by fierce competition from
high-tech companies in Japan
and elsewhere.

“What are our prospects
for success in capturing our
share of foreign trade in the
21st century if our schools are
nat preparing 8 technologi-
cally literate work force to.
dav?" asks House Science
Chairman Robert A. Roe, ).
N.J. He savs the aguality of
science and math education
“will largely determine the future eco-
nomic strength of our nation.”

Bassam Z. Shakhashiri. chief of the
National Science Foundation's (NSF)
education programs, dramatically re.
minds listeners of the national panic
that followed the Sowvist Union's
launching of the Sputnik satellites in
the late 1950s. ‘Therealter, education
spending by the NSF skyvrocketed.
(NSF cducation spruding graphs, pp
2180, 21R2)

“We need to develop a natimal
will, a national determination,” save
Shakhashiri. “We did a lot of good in
the '60<, when the nation was moly
lized after Sputmk. We had a natinnal
determination, a national will to pur
sue those poals. We perceived Sputmik
as a mili‘ary threal What we hme
now is an e anomic threat, but us ef
fect is nat feit as qunckly a= a satellite
crreling the Barth every hour or g0 ™

T tnick, he concedes, 15 convine
g the nation that todav’s threat s
Just as dangerons

27y
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Pocrr Performance

A slew of recent studies and statis-
tics tell a sad story that hasn’t
changed much over the years.

“During recent years, a steady
stream of international comparisons of
elementary and secondary education
has painted an increasingly bleak pic-
ture of the deficiencies of American
mathemalics and science education,”
says a 1988 report from Congress” Of-
fice of Technology Assessment (OTA).

In such studies, American students
generally score, in the wards of Sen.
John Glenn, D-Ohio, the former astro-
naut, “embarrassingly low.” ‘The
NSE's Shakhashiri says the United
States’ performance in one such study
ranged “from poor to shameful.”

In a recent speech to a group of
mathematicians, Shakhashiri rattled
off distressing figures from a 1988
study by the International Association
for the Evaluation of Educational
Achievement:

LS. filth praders ranked ecghth an
science  achievement, while  mnth
griders fared worse 15th place,
ahead ol only Hong Kong Fyen those
high schoul seniors considered senons
about sewenee dud poorly, ranging trom

T - LGN 1 e ()

9th place in physics to 13th place in
hiology. In another study cited by
Shakhashiri, U.S. students ranked
14th in algebra and 12th in calculus
and geometry.

In these studies, the nation’s chief
trade rival, Japan, usually placed in
the top five, often in the top twa.

The most recent study — Everybody
Counts, a National Research Council
report representing a consensus of 70
science, math and education groups —
concluded in January that most students
leave school ill-prepared mathematically
to perform most jobs.

Behind poor student performance
is an army of underqualibied teachers.
“Few elementary-schoul teachers have
even a rudimentary education in sci-
ence and mathematics, and many ju-
nior and senior high-school teachers of
seience and mathematics do not meet
reasonable standards of preparation in
those fields,” says Science for All
Americans, a report by the AAAS.

According to an NSF summary of
studies of science amd math teachers,
many stales have no science and nuth
course credit requirements lor ele
mentary school  teachers; A1 states
have nosuch requurements tor maddle:

F?‘:'"‘ P " A

or high-school teachers; and about
hall the states don’t require such
teachers to take courses on science
and math teaching methods.

Relatively few teachers meet stan-
dards suggested by the National Sci-
ence Teachers Association and the
National Council of Teachers of
Mathematics. The percentage of
teachers meeting the standards range
from 34 percent for elementary-school
science teachers to 10 percent for mid-
dle-school math teachers, according to
the NSF summary.

In addition, such teachers are over-
worked and use ineffective texthuoks,
methds and curricula that dwell on
memurization ol “needless detail” in-
stead uf tenching students how to think
scientitically, the AAAS report says.

Coming Shortages?

I'hese deficiencies may exacerbate
the underlying fear of thuse concerned
about science and math education. Al-
though current indicators suggest that
the nation has enough scientists and
engineers now, some sav shortages
loen in the coming decade or so

4 .
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are svaple demogrephics. The college
age population s dropping as the
balin-boom: generation grows  older.
That means a shrnking pool of poten-
til screniisgs and engineers. While the
overall pool shrinks, the population of
mnorities wifl grow, meaning that anv
effort to reduce the shortfall will have
to include recruiting more biacks and
Hispamics, who traditionally  have
heen underrepresented in science nnd
math fields. Likewise, women wuould
have to he more aggressively recruited,
The demographic realities emerge
at a tune when fewer college students
are majoring in science and engineer-
g The American Council on Educa-
tion says that between 1977 and 1987,
there were significant drops in the
percentage of freshmen choosing vari-
ous science and engineering majors.

Wb e

‘will likely be feit Sometiope.
T 75600, M otbor worde, Semerrg ol
“This im!ai; nce will have devastat-

ing consequences,” says Richard C. At-
kinson chancellor of the University of
Califon ia and president of the AAAS.

Estir.ating the size of the shortage
is a tricky business, for it involves mak-
ing chancy projections about demand.

Nevertheless, the AAAS estimated in
a reporl released Feb. 16 that the nation
will need ahout 18,000 new natural sci.
ence and engineering I’h.D.-holders per
vear in the early part of the 2ist century,
but will be producing only about 10,500.
digures frork the NSF prodict & cumy.
{ptive shortfail of 103400 between now

2008. Lower on the educational lad-
der, at the B.S.-degree level, the NSF
predicts an even bigger cumulative
shortfall: 765,000, and that’s assuming
that demand stavs flat.

“Steps to deal with the shortfall
should have bLeen laken years ago.”
savs the AAAS’s Atkinson of the
Ph.D. shortage. “Since we are starting
late, our efforts will have to he even
more vigorous.” The AAAS has sug-
pested that the government spend
$300 million annuaily on 3,000 new
Ph.D. fellowships each year.

Blown Out of Proportion?

There are some in the science com-
mumity who think the supply problem
has been blown out of proportion. The
OTA caused a bit of a stir last year
when its report on the subject snid:

v A tunciodep (hed RlGRoN o e
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Science and Engineering Ph.D.s
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“Some folks ... have implied that

we're saving there's nothing to worry
shout, and that's not what we're saying,”
says OTA Assistant Director John P.
Andelin Jr. 7N 3 ! "

p, says, "I'm nol convinged.” The
abor market will adjust by forcing sal-
aries up, attracting more students Lo
pursue careers in science, he adds.

Shamos wrote a piece last vear titled
“A’ Falee Afarmn in Sclence Béu

the magasne Issues in Science and

nology. He argued that the “crisis"
was trumped up by the science commu-
nity Lo fight the Reagan administration’s
decision in the early 1980s Lo dismantle
the NSF's Directorate for Science and
Engineering Education, a move rejected
by Congress.

*1t was no coincidence that a ‘crisis’
was declared at the same time as fed-
eral support for science education
dried up,” Shamus wrote. He is work-
ing on a book, *'I'he Myth of Scientific
Literacy,” in which he says he will ar-
gue that making all students scientifi-
cally literate “is an impossible goal.”

Who's Spending What?

A host of lederal agencies spend
moneyv on science and math education,
although no effort has been made to

3180 sni

determine exactly how much is spent
each year. “My instinct is that the
programs scattered around the gov-
ernment are not that wvisible,” says
Rep. Walgren.

The OTA identified more than 100
programs in a dozen different agen:
cies. Most are quite limited, with 1988
spending ranging from less than
$100,000 to several million dollars.
Many of the more expensive unes -
research-grant programs, for example
— have a broader purpese than im-
proving science education or increas-
ing the nation’s supply of scientists,

The two main programs aimed spe-
cifically at improving science and
math education are these run by
Shakhashiri at the NSF's Science and
Engineering Education Directorate
and the Department of Education’s
Dwight D. Eisenhower Mathematics
and Science Education program.

The NSF directorate awards grant
maoney at bhoth the college and pre.
college levels for researching and
developing new instructional materi-
als and methods and for teacher im
provement. It also provides money for
graduate fellowships to encourage stu-
dents to enter math and science fields.

Tad i .
passed HUD-VA.Independent Agen
cies appropriations Il (iR 2916 - H
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the time, the agency's I.otal udget
roughly the same as it is today.
Nevertheless, the directorate has
rehounded considerably since the
Reagan administration cut NSF's edu-
cation budget to just $19 million, pre-
ferring to focus NSF spending on re-
search programs. For his part, Shak-
hashiri says he would like to see
spending hit $600 million by 1994.
The Education Department’s pro-
gram was first authorized in [iscal
1984 with passage of the Education for
Economic Security Act (PL 98-377),
which provides grant money to state
and local governments to improve
math and science education progenms.
Ii called tor close to $1 billion in new
spending in its first two years, but anly
S$100 million wass actually appropriated
I Gscal 1989, when the program
wis reanthorized and renmned alter
Presulent  Fisenhower, $250  million

U2 — AL SE e e LG

funding, would provide $210 million.

was authorized — less than both cham-
bers had considered appropriate in
their original versions of the reautho-
rization. “This program is seriously
handicapped by inadequate funding,”
said the Senate Labor Committee re-
port on the bill (S Rept 100-222),

Still, only $137 million was appropri-
ated. The House Labor-HHS-Education
appropriations bill (HR 2990 — H Rept
101-172) for fiscal 1990 cuts the pro-
gram’s budget to $100 million. The rea-
son, according to the Appropriations
Committee report: The NSF's program
is mure effective, because the Depart-
ment of Education grants are spread
around the country too thinly.

No Appetite for More

Because the programs they helped
create are not being fully funded,
House Fducation and Labor Commit-
tee memhbers don't have much taste
fer new programs.

“The problem stays, but the at-
tempt at a solution is forgotten,” la-
ments Pat Willinms, 1)-Mont.

Commitiee Chairman Augustus ¥
Flawkans, D-Calif., suys the program Ins
comuntice helped craft shonld be tully
funededd We think that would do maore

than any of these programs that are
now being proposed. It doesn’t make
any sense to come out with sume new
cockeyed ideas when you already have a
program that has been proven to be
effective, but that is being starved. |
dun't ever say we've Inns enough, but
we have a program already on the books
that can make a substantial difference
in getting students into science and
math and encoursging teachers to be-
come proficient in those fields. All it
needs is money.”

Hence, he says his committee plans
no big initiatives this year. Williams
siys Lhe commwmittee may include some-
thing limited to increase the supply of
science teachers — perhaps forgiving
student loans for those agreeing to
teanch svience for o time — il it dralts a
respunse to the natiomal and commu.
nity service packege (S 14300 now
rencdy for Senate floor action. {Na-
tonal service, Weekly Report p. 20500

The House committee’s Senale
connteepart, Lalor and Human Re.
sourees, has approved a package (S
695 of Presiclent Bush's edueation
proposals that includes some science
scholarshups.  Similar to Walgren's
propesal and ils Senate companion (S



1:14), which was sponsored by Glenn,
the bill would provide four-year,
$20,000 scholarships for one male and
one female science or math whiz in
every congressional district. Hawkins
has balked at the president's educa-
tion proposals, but there's a good
chance he will accept some version of
them by the end of the Congress.

“You're not talking about anything
that is fundamentally going to make a
difference,” says an aide Lo Senate La-
bor Committee Chairman Edward M.
Kennedy, D-Mass., of scholarship pro-
posals. But it can't hurt: “The flederal
government can raise the visibility of
the issue. This is the bully pulpit role
of the federal government.”

Kennedy plans sometime in the
101st Congress, perhaps not until next
year, to move a bill simed at improv-
ing the quality of all teachers. That
bill may include something aimed spe-
cifically at science and math teachers,
his aide says.

House Science Panel Plan

The committee most active on the
issue this year has been the House
Science, Space and Technology Com-
mittee. It approved a $32 million per
year peckage (HR 996 — H Rept 101-
220) of proposals using NSF-adminis-
tered scholarships to encourage stu-
dents to pursue math end science
careers. The proposals were offered by
three Science Committee members:

® Walgien. Under his proposal, origi-
nally introduced last year, one boy
and one girl from each congressional
district would receive a four-year,
$20,000 scholarship Lo msjor in sci-
ence, math or sngineering. If they
switched majors, they would have to
pay the money back as if it were &
student loan.

pliege ) { senior science and
math majors would be eligible for
$7.500 a year for up to three years.
They would have to promise to leach
for up to four years; if they don't, they
would have to pay the government
back, plus interest.

@ D. French Slaughter Jr., R-Va. His
se "tion of the bill (originally HR 1217)
would provide another 500 scholar-
‘ships to undergraduates who promise
either 10 work for twoe years for the
government or private sector s a sci-
entist or engineer, or to go on lo grad-
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uate school for two years in science,
math or engineering. Recipients each
would get up to $12,500 in government
maney over up to three years. Those
who fail to complete the service re-
quirement also would have to pay the
government back.

Drawbacks to Bifl

While many in the science commu-
nity have welcomed the bill, some say
it does have its deficiencies.

It would do little to drew minor-
#ies into science fields. Because the
committee wenied scholarship awards
to he merit-based, it would sllow fi-
nancial need or minority status to be
taken into account only when the NSF
is “making final selection of awards
among individuals of essentially
equivalent merit.”

And the bill is aimed at rewarding
the best science and math students, so
it probably won't do much to improve
the guality of the large majority of
American students — the ones who do
poorly in internativnal comparisons.

For the same reason, some say ils
ahility to draw people into science who
would not have entered the field any-
way is also probably limited. And even
if every scholarship went Lo someuvne
who otherwise would have entered an-
other uccupation, only 1,870 science
and engineering workers a year would
be added to the lahor force — far
short of the size of the shortfall pre-

dicted by experts.

Some members supporting the bill
slso quietly agree that its two-per-dis-
trict requirement is a self-serving pro-
vision aimed at producing publicity
for incumbents. Walgren, however, de-
nies such intentions. He notes that
members would have nothing to do
with choosing who gets the scholar-
ships. He defends a provision requir-
ing members to be notified of scholar-
ship selections in their district before
they are publicly announced. The pro-
vision, Walgren says, is designed to
allow members to make the announce-
ments first, so the awards get maxi-
mum local attention and other stu-
dents are encouraged to study science.

“We want as much publicity in
terms of recognition of these awards
as possible,” Walgren says. “That’s a
plus.”

As of now, it looks like some sort of
science scholarship will be enacted by
the 10ist Congress, but no one says
that will be the end of Capitol Hill's
interest in science and math educa-
tion. “Science education is a perennial
issue with the Congress,” says the
NSF's senior legislative analyst, Joel
Widder. “The level of interest goes up
and down. This year, it's at & high
peak.” 3

But that’s not hecause the situa-
tion has deteriorated, he adds: “The
numbers are just as distressing as they
have alweys been."” ]

cQ AUGUSE 17 1989 — 21813
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People Needs:
Work Trends
And Shortages

WITHIN AN ENVIRONMENT of
growth and technological advances,
acrospace professionals wall have to wield
the nght skills tn command the best jobs
and salanes

Overall. the acrospace industry s
most concerned about a shortage of
engincers durnng the nexr decade

This shortfall will be exacerbated
because a large percentage of those
graduaring mn the next decade will be
immigrants whose clesrance o work on
defense projects will be difficulr
Moreover, non-U.S. cizens
overwhelmingly dominate the pool of
graduates with advanced degrees in
science and engineenng

The predicted shorrage of
engineers will come ar 2 ume when new
technology developmenr begs for
greater numbers of engineers. “TRW?s
Space & Technology Group plans a 20%
increase in engineers by the vear 2000,
Tom McDonald, director of human
relations, said.

Texas Instruments foresecs
shortages of engincers in the 1990s.
according to Steve Leven, vice president
of personnel for the Detense Systems &
Electronics Group. As a result,
“engineering salaries will be very
competitive in the 1990s.” he said.

Manv compantes, such as Hercules
Aerospace Co., anuapate block
retirements of engineers hired in the
1960s and 1970s. This farge group of
post-Sputnik scientists, the gray beards
of the industry, will take a lot of
knowledge and experience with them.

“The Avionics Group of Rockwell
Internanional 1s concerned about
r((riil[ii‘lg sotrware cngmccrs in the
1990s.” Tonv Huebsch, director of
communications, sad. *There 15 2 new
relanonship now where engineers must
understand both hardware and sottware.
We used to need great numbers ot
hardware enginecers, but now we need
Just as manv software engineers.™

“Large svstems software engineers
are cntcal to the future success of
Hughes Aircratt Co.." Bill Smiley,
manager of advanced manufactunag
technology, said.

"

L -

A TRW

engineer mcnu module r will be

Cornel! predicts a
shortage of 560,000
engineesring graduates
by the year 2010.

i i i
ssed in future avionics systems.

Electronics and software engineers will be in short stpply im the 1000-
Advasticar Sponsored Market Supplomant
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Electro-optics is a According to one evperr, the
technology that will I?:*::S: .P'«;EHJ rz?:;r:stm b zs; mllh:n
need engineers. : 10 develop the

Advanced Tacoaal bighter, the space |
statton and  the FAAS Advanced
Automauon Ssstem Wnnng Ada  than 1'% of students enrolled in ¢o
software at the current rate of 2,000 to  lase fall chose computer science as g
3.000 hines per vear means thar 7,000 major. In addition, there are few sofng
programmer sears are reqanred just for - engineening undergraduate deg
programs oftered.

“The decision-makers who shg

; ; . be working to solve this problem
educared in the 19505 and 1960s.
: A W'd T/ 0” UP p aﬂ rww r ,ES : : do not appreciate how cnrical the neg

for software experts,™ Ralph Cry
president of the consulting firm Sofwy
Strategies and Tactics and editor of
Strategies Newsletter, said. *Sp
companics think that hiring a m
major and giving him or her 40 hy
training will create a software engi
Futuristic managers think thev wil
bailed out by 2 technoloy
breakthrough and won't n
knowledgeable people.”

Grumman Corp., aware of
shortage of software engincers, wg
like its software experts to design a mg
system that can then be adapred to o
engineers’ needs using the experts’ tg
“The people with unique skills must
on top of this art,” Chns Wi, dired
corporate development laboratories,

Other types of engineers will alsq
in shore supplv. Berrv Verter, execu
director of the Commission

those three major projects

WE'RE BUILDING
A FLEET THAT WILL BE
THE ENVY OF THE

AVIATION INDUSTRY.

Al UPS, you can use your special expartise to its fullest potential
imemadiate opporunities exist a1 our Loulsville, Kentucky natonal air

hub for the foliowing positions: I’ﬂ‘)jfcs;iomls ilxll ::‘ltncc and 'f;n:-.'hn !
sdid there wa J severe shortage
:ﬁ?ﬁ _ECHAN!CS: of B727. 6747, B757 and DC-8 Ph.D s by the vear 2000 [ order tod
im_.,“mm." . ’ ' : an personnel with advanced deerees, Jc:
NICAL WRITERS contractors will compete v th cach
;EIJG"AEIUI"-Y ANALYSTS and will rob acadenna
The above papilions require previous expenence in an airhne or awrcraft ..’km'" H‘:“r"\'\“::h A0
manufacturing envirchment difficult ume finding =noowaea
ALUPZYou'l amoy an cutstanding benefits package and a personal growth milhmeter-wase clecironsos specnld
program, in a0diion 10 an exceplionally competitive salary “There are onlv 4 toe aond e
Tha cily of Louisville offers its own kind of beneits: affordable housing  a expencnced people arcand ot itk
plsasant chmate ... many $pons and cuftural activiies. And Lowisville’s to tocate and arteay oo, Dean
north central location allows easy access to ather pogular ciies Roche. manager of virp s oot sad
Forimmaodiate considaration, plesse send inquiries, indicating TRW'S McDuona dided o
pooition of intorest, to: UPSAHM Dept. AW/120. 312 Whit-
tington Parkway, Louioville, KY 40222. We are an equal opportunity electro-oprics 18 3 oo ..:,--. that
employer mA. need engineers “\Wo costa e gl
OUR AFILINE IS BUILY electro- ~Oplic Ph.D sk l A \1!|Z€\H
PRON THE GROUND UP. produced cach vear i o

schools offer the dee-oo ind w0
m students are in the prozrars: s.mi“
“ mvmo “Not onlv will 0 coaiphine

engineers be in demaed Gy the

Circla 27 on Rosder Card decade, but The Bocinz oo will

@8 Aviation Week & Space Technology November 20, 1989 Advertiser Sponsored Market SuM
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degrees, from 7 to € parcent, and thet  ties and women in similar pursults, and to
Dﬁmaﬂd ‘O BXOOBd downtum (s expected 1o continue. The ag- roisin students through scholarship pro-

i dition of non-US. students at US. colieges  grams, the report advises. But, the NSF
supp Y for englnears wilinct helpuniess barrierstogivingthem  notes, implementing any strategy to ad-
: : student visas are dropped.

s

dress those problems is complicated by
the necessity of coordinating activities of
the responsibia groups—from Fecleral
agencles 1o local school boards.
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Rewards for hard work

Bearcities of Scientists and En- ohertt science

‘gineers: Problems and Solu- m::m ,.,,..'.',',';,".','f.’;.',..,,,.:"‘ Merit pay Increases for hardwere en-

gtions,” says the raasons are 0 ginoers aversged 6.4 percent during the
demographic. The number of 3 first haif of 1888 and 5.9 percent for soft-
young adults isaxpeclectode F » ware engineers, acconding to the American
cline over the naxt 16 years, yet =0 Etectronics Association's (AEA's) “Profes-
the parcentage of 22.ysar-olds E slonat Engineers Salary Survey.” Average
recelving bachelor degrees in = J0[§ monthiy salaries for those nonsuperviso-
enginsering and the natural i, 400 ry engineers ware $2310 on the low and,
sclences is likely toamainat s | $2628 on tha high.
4 07 5 parcent, as it has done  §§ 500 in the same survay, which was distribut-
for 30 years. 2 a0 ®d to 70 605 enginesrs at 1124 companiss,
Entry of mors women into g the AEA also found that U.S. electronics
thase fields will apparentlynot =& 700 companies encountered a 12.72 psrcent

help ovarail. Though the par- ™ w0 9 2000 005 average tumover rate of angineers in 1888,
cantage of women withbache- 83 opposed to a 10.01 percent average In
fors' degrees in engineering and the and the number of bachelor of sciance 1887. Hardware engineers experienced 8

sciences has risen in the last three 40.25 percent average turmnover rate.
dacades—from less than 1 percent of 22-

year-0ld women in 1859 10 2.5 percent in
1886—the trend has been offset by a de- _
€line inthe number of men receiving thase §&

Coordinator: Gary Stix
Consuhtant. Mary Golicday, National Sciance
Foundation

"~ & @ gensral purpose two- and three-dimensional
ElectroMagnetic Analysis System for electrical
engineers who require comprehensive anaiysis

capabilies MSC/EMAS solves alectric and magnetic field problems for knear, non-
knear and anisoliopic matenals. With MSC/EMAS, users can analyze the entire
tange of electromagnetic behavior from slectrostatics and nonlinear magneto-
statics 10 eddy currents and wave propagation. Best of all, these varied phenomens
can be accuraiely simulated undar the umbralia of pne program.

MSC/EMAS is based on the analytica! engine ot MSC/NASTRAN" the world's
teading hinde element analysis program. MSC/EMAS retains the computatonal effi-
ciencies of MSC/NASTRAN while incorporating 8 new and unique formulaton of
Maxwell's equations for use in electromagnetic applications

Ciosely iniegrated with MSC/EMAS is s state-of-the-art, inleractive pre- and post-
processor, MSC/XLT which aliows users to bulld and refine models and display
analys:s results in a vanety of formais. This graphical imterface featuras a modem
menu structure, a powerlul command language, automated meshing, & user-
defined caiculator, and advanced color graptics. Together, the combination of anal-
ysis capabilmes, proven computational abiliies, and powerful graphics makes
MSC/EMAS the premier software package for electrical enginsars.

MSC/EMAS allows angineers to oblain complex design in.ormation that would
otherwise be feasible only through prototype. estimation, or s pecial purpose analy-
ws programs  The ease of use and flexbity of MSC/EMAS fuciitate grenter axpio-
ration of design concepts early in the development process, when change is most
easily accommodated With feasibility and performance determined earty in the
design cytle. the insghis gained through analysis become the basis for fewer and
more sucoesstul prototypes.

MSC/EMAS is available on a variety of computer platiormes ranging from enginger-
Ing workstations 10 Supercompiers.

Fox mone miormaton contact The MechNea)-Schwendier Corporation. 815 Cotorado Bouleverd,
Los Angeies. CA 90041 or phons 1-800-MAG 5442 or (414) 357-8723.

Circle No. 3
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S S S ——) g pe: heen proposed by the Energy Brunihorst, a professor of g~
By Keneth J. Conper TRAINING SCIENTISTS AND ENGINEERS | Depurtment and NASA. ology and acience education at Cak-
P R mumnﬂnﬁ?mmm The tpace ageacy has proposed  ifornia State University-San Ber-
Responding to orders from AMD DEVELOPMIENT AGENCILS POR SCIENCE AND ENGIGEERING EDUCATION increasing its educstion budget by  pardino, called the Watkins pro-
Prosdent Bush and recommends- CSHOWN I MILLIONS OF DOULARS) $70 million, or 18 percent, t0  posal “marvelously naive,” becamse
tions from 2 congressionally char- .'. D En  of the potentially bigh cost. While
tared penel, federal agences & praising Waticios for his interest,
oged i rewearch and develop- sbe said thet any training should
meat are expanding their edurco- be done in conjunction with expe-
Gioa programs i an eflort to = rienced educators and ot solely
larest more stadesly i science by Energy Department acientiste.
tnd engitaering careers, Watkins bes also moved
L] partment labs in education.
tional Aercosstics asd Space Ad-
el vl e -
variow o .
Fams that touch shudents snd ﬂuymr, the
toachers from the elementsry to m‘m
- m*mﬂ
(T ¥
obage schotzcaiups, gt chts o jprograms Of]llﬂ
g sscmons couwrses. 7
M:-r:hm» "Smmh
grams of just restarch sgen- are
citn arv expected to cost more agencm
thmn $9.3 billiom—whick is equi wedlom
alent to about 40 percent of the
Education 's budget— move than $9.3
oo Mot 2 the Hiak billion.
lomen,
icapped in Science and Techaol-
conzmitted $532,000 to a “science
program Chi-
cago's public achools to the nearby
National Laboratory and
Fermi Natomal Accelerator
. Another
links Oak Ridge National Labora-
tory and the Univeruty of Teanes-
gee to provide alternative teaching
i to scientists and en-
gineers a8 well as train new math
or science
Other ¥ to ex-
pend education efforts are: the Ag-

fomions, for imstance. pepresent the 1990-0) academic year, Wat.  Tan Services, the Department of
mﬁ-‘:ﬂdﬂedﬂ“ Icims dlicd st @uticmaie what @ woald m'."’u"""m'wmuu
empioyees ot NASA. Aod 13 per- cost to train metw thas 2 million  the Interior Department,

cent of federal workers are acien- teachers who mstruct students in  bor Depertment, the National Sci-
tists or engineers, making the gov- grades kindergarten through 12, mmeOﬁuﬁﬂ:

|
if
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Aslan and Other

Technoiogy.

" THE CHANGING WORIC FORCE

‘The nation's pool of talent for new scientists and engineers by the
end of the century will be predominantly female, minority or
disabled—the very segments of our population the nation has not
attracted o science and engineering careers in the past.

An estimated 42.8 million persons will enter the overall labor
force between 1988 and the year 2000. The breakdown:

Source: Buresu of Labor SUtisUcs’ Tasi Force on Women, Ainartiss and the Hendcappsd in Stience and
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Aslan and Other
(Men) 9%

Goals-—Proving Ellisive

Lo Angelaa Timas

for Science Education

& Funding: The many conflicting ideas on how to
revamp the system are only adding to the growing crisis.

By EDWIN CHEN

WASHINGTON—In setting am-
bitious achievement goals for sci-
ence education, President Bush in
his State of the Union address
Wednesday night spotlighted one
of the natlon's most thoroughly
documented problems. The abys-
mal state of sclence education has
been chronicled by more than 300
studies in recent years.

Now comes the hard part: There
are g8 many conflicting ideas on
how to revamp the system as there
are reports.

“We know what the goals are.
But we still don't know how to
achieve them,” said James Ruther-
ford, a leading science’ educator.
“One reason we can't make any
headway is we haven't had a clear
national strategy on how to get
from where we are to where we
want to be.”

As a result, there I8 disagree-
ment on virtually every issue, such
as whether to encourage or ban the

use of calculators and computers, -

whether (o concentrate on basie
science literacy for all or for only
the best and brightest, whether to
delay math training until studenta
master reading and writing and
whether to focus resources on
mentoring and other support gye
tems. ;

Agreementon Need

The only consensus is on the
critical need for more federal lead-
ership and funding. But while the
new Bush budget proposals repre-
sent a start in that direction, there
fsa way to go, experis say.

J‘l:tng last week the private Eco-
nomic Policy Institute here, in an

analysis of education spending,

from kindergarten through grade
12, put the United States in 14th
place among 16 industrialized na-
tiona in such spending as a per-
ceniage of national income. ahead
of only Ireland and Australia. .

The burgeoning crisis in science
education is unprecedented since
the Russians launched Sputnik in
1957 and triggered & new emphasis
on science education.

The concern comes amid fore-
boding forecasts that the over-
whelming majority of new workers
entering the work force by the
year 2000 will be female, black and
Latino--groups that have fared the
worst in sclence education.

Yet t.l;ge ?h :'unt.:f n for hope,
jodging from the few mascent at-

science

tempts to yestructure edu-
cation arcund the country, Includ-
ing some in California,

In his spbech, the President sim-
ply declared, without getting into
.specifics: “By the year 2000, U.S.
students must be first in the world
in math and sclence achievement.”

Bush also mentioned several
other "“education goals” to be
achieved by that year, including a
high school graduation rate of “no
lessthan80%.” .« ' -

Despite the lack of details, edu-
cators were pleased by Bush's
mention of education, in general,
and the goal he set for science and
math, in particular.

“That's a refreahlhg breeze,”

.sald Bl G. Aldridge, executive

director of the National Science
Teachers Assn. “We certainly
don't need any-more studies.”

Here's what some of those stud-
fea show:

-=29% of all high schools have
no physics teacher, 17% no chem-
intry teacher and 8% no biology

—The typical high school biolo-
BY textbook introduces more mew

* words than the first two years of a

foreign language class.

—Student disenchantment with
2clence appears o take hold about
the 8th grade. While 5th graders
rank 8th among industrialized na-
tions in sclence, by the time they
reach 9th grade, they have dropped
to 15th, according to National Sci-
ence Foundation data.

—Of high school students who
enter college intent on pursuing a
science career, 40% drop out after
the first course and 60% by gradu-
ation.

—College enroliment in science
courses is at an all-time low and
industry already is feeling the
shortage.

The Aercspace Industries Asan.
said that 67% of its members—in-
cluding most of the top Pentagon
and NASA contractors—are suf-
fering frem a shortage of scientisis
and engineera. And 55% report a

‘shortage of skilled production

workers.

this year, says the con-
gressionally chartered Task Force
on Women, Minorities and the
Heondicapped in Sclence and Tech-
nology.

Los Angeles Times, Feb. 1, 1990, p. A21
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In the Administration’s new
budget, the NSF would get a 14%
increase, to $2.38 billion, including
$251 niillion for science education. .
Moreover, according to White
House Science Adviser D. Alian
Bromley, the Administration in-
tends to double the foundation
budget by 1993, from the base year
of 1987.

In overall federal funding for
science education, the President is
proposirig a 28% increase, from
$841 million to $1.06 billion, spread
‘among numerous agencies, such as
the NSF, the Department of Edu-
cation, the National Aeronautics
and Space Administration, the De-
partment of Energy and the Na-
tional Institutes of Health.

Project 2061 Launched

Among the new attempts to

reform science education is Project
2061, launched by the American
Assn. for the Advancement of
Science. It is named for the yesr
that Halley’s Comet will next pass
Earth.
. The project’s current three-year
phase enables teams of 25 teachers
in six school districts, including the
cities of San Diego and San Fran-
cisco, to work four days a month—
and daily each summer—to design
experimental K to 12 curricula,
according to Rutherford, AAAS's
chief education officer. -

A shorter-term, federally funded
project, launched by the National
Science Teachers Assn., is de-
signed to come up with new sci-
ence core programs for 7th through
12th graders that abandon the
century-old “layer cake’” ap-
proach, which requires 10th grad-
ers to take biology, 11th graders
chemistry and 12th graders phys-
fes, Aldridge said.

The goal, he said, is to expose
more students—especially women
and minorities—to a broad spec-
trum of science topics earlier but
less intensely. .
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Where are the new scientists?

What if they gave a university and nobody came? Masny predictions suggest that few young people
will want to work as scientists in the 1990s

Jon Turney

N THE 1980s, saving British science was a question of

money. The main problem for universities and research

4. councils was funding new projects. But in the 1990s all the

signs point 10 a new problem dominating the science policy

agenda—getting ¢nough people into laboratories to spend
even the money that is available.

A combination of factors, some common to other natio
some peculiar to Britain, suggests that this country may face a
painful crisis in scientific recruitment in the near future. “The
next five years will be critical"", according to Sir David Phillips,
chairman of the Advisory Board for the Research Councils.

The outlines of the potential crisis can be seen in demo-
graphic and employment trends. The first is the well-known
dip in the number of 16- to 18-year-olds in our population,
which began in 1984 and steepens after this year, and does
not bottom out until 1996 (see Figure 1). The effect is that
for every 10 students who left school in 1985, there will be only
seven in 1995.

Some years after this, universities and colleges face a wave
of academic retirements, as many of the present lecturers and
professors reach the end of their careers toward the end of .he
1990s. In addition. academic research laboratones tace
stronger competition for their share of the cream of new
recruits from industrial sectors which need more and more
technically qualified staff, and from the City. Keener com.
petition makes the gap between the few thousand pounds a
year a PhD student has to live on and the starting salary of, say,
a newly qualified accountant on perhaps £12 000 wider than
ever. In 1988, the proportion of new chemistry graduates
choosing jobs in finance rose to 243 per cent, compared with
23-6percentin 1987, while the proportion of physics graduates
going into finance rose from 15-5. to 17- ' per cent.

The demographic profile is similar in the US and France,
and even worse in Italy, Germany and the Netherlands (see

Figure 2). The academic retirement bulge is also a common
problem, as most developed countries expanded their colleges
rapidly in the 1960s. i i

3 ' ¥ 10 ICCU T . e O I\.
do Alternatively. they may decide to take advantage of the
increased mobility the open European market will offer
graduates after 1992 and depan for the continent.

So how many people are needed to sustain the Briush
research effort? The best recent review of what Whitehali cails
the “science base™ is a study by Richard Pearson of the
Institute of Manpower Studies, based at the University of
Sussex, for the Advisory Board for the Research Councils. He
found the statistics in a pretty poor state, but the main findings
are clear. There were just under 50 000 researchers in research
council laboratories, universities and polytechnics in the late
1980s. Around 28 000 were permanent teachers in higher
education. Another 13 500 were working in universities or
polytechnics on short-term contracts (of which more later)
The rest, a little under 7500, were permanent or short-term
employees of the five research councils, a total which has
declined steeply in recent years because of cutbacks in the
largely institute-based Agnicultural and Food and Natural
Environment Research Councils. These 50 000, not counting
technicians and other support staff, are the science base's share
of the million or so people in the British labour force with
degree-ievel qualifications in science, technology. engineenng
or social science.

This means that the proportion of graduates needed to
maintain the population of researchers in academic lab-
oratories is pretty smali. To this extent, the future suppiv
problem is part of the more general problem of providing the
skills a nation dependent on technology needs in the last
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Supply and Demand for Scientists and
Engineers: A National Crisis in the Making

RICHARD C. ATKINSON

Projections are analyzed for the future and de-
mand of scientists and engineers. The demographics of
the college-age population combined with cstimates of

epen:mtagcofsmdmtswhow:ﬂ careers in
science and engineering indicate significant shortfalls
between supply and demand for the next several decades
atbod:thebacuhmtg:mdm.?fkwls.lfth&
projections are realized, the shortage technical person-
nel will have a major impact on economic growth, inter-
national competitiveness, and national security. Various
strategies for recruiting and retaining students in science
and engincering are considered.

HE ANNUAL ADDRESS OF THE PRESIDENT OF THE AAAS
provides an occasion to celebrate the past accomplishments
of American science and engincering and to assess our

prospects for the furure. It is appropriate, therefore, to recognize
that we are just one decade away from a new century and a new
millennium. Although it is tempting to ory to anticipate what lies
ahead, looking forward is always more hazardous than looking back.
A new decade, a new century, or even a new millennium is not
necessarily a new point of departure. Therefore, I will not artempr ro
assess the discoveries that await us, or try to gauge the political and
economic environment for science and technology (S&T) in, for
example, the year 2020. Bur [ am certain dhat in that year, scence
and engineering will be even more important to our national welfare
than they are today. The historical record convinces me that the
decisions we make about financial and human investments in science
and engineering during the 1990s will be critical to the naton’s
vitality well into the 21st century.

This is also an appropriate time to ask whether there are lessons
from the past that can guide us in making some of those decisions.
One such lesson is the value of looking ahead to assess opportunities
and then artempting to shape the furure in light of dhose assess-
ments. Just SO years ago, a handful of farsighted individuals acted
on their conviction that S&T held the key to success in a military
conflict chat would shortly involve the United States. On 15 June
1940, a few days before the fall of France, President Roosevel
accepted a proposal from Vannevar Bush, then president of the

The aughor is chancellor of the University of Californua at San La Jolla, CA
92093. This arvicle 1s ﬁuatheﬁh\r‘ s lecture at the annual meetng
on 18 Februsry 1990 in
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Camegic Institution of Washingron, .~ ~<tablish 2 Nadonal Defense
Rescarch Committee that would mobilize Aimerican science for war.
Few recognized ar the dme thar Bush’s initiarive would lead to a
new relation between science and govemment—a relation that
would make possible the remarkable developmem of American
science in the years after World War 1.

Esuablishing the postwar sdence-government contracr thar al-
lowed the use of public funds for basic rescarch in universities and
for the education of young scientists was not a simple marter. It
required considerable political pegotiation between leaders of the
scientific community and members of the government (1).

Vannevar Bushs 1945 report to the Presidenr, Sc The
Endless Frontier, argued cogently for the legitimacy of federal support
for basic rescarch and science education (2). Themport‘sprmpl
recommendation was the creation of 2 new
Mmmmmummm
(NSF)—to provide that support. The budget estimated as necessary
for that agency to its mission was $18.5 million in the firsr
year and $82.5 million by the fifth year (3).

Congressional appropriations for NSF in us first fiscal year, 1952,
were $15 million; by 1958, they were $41.6 million, about half of
what Science—The Endless Frontier had recommended. A year later,
after Spumik, NSF's appropriations more dhan wripled o $137.3
million.

In 1947, che President’s Scientific Advisory Board, chaired by
John Steelman, issued a2 more report dealing with
the entire national rescarch and development (R&D)cfmt(ﬂ
National R&D expendirures in 1947 were estimated at $1.1 billion;
the Steelman report recommended that they be doubled over the
next 10 years. By 1957, the Korean War had intervened and federal

alonc had risen ro $3.9 billion. The Seeelman report
also recommended thar basic rescarch expendirures, estimated at
$100 million in 1947, should be quadrupled by 1957. But by 1957,
federal investments in basic research had risen to only $262 inillion.
Two years later, after the shock of Spumik, funding finally reached
and excreded the recommendation made by the Steelman report.
mmnmmsmmmumc.im
expand the human resource base for science and engineering.
Scence—The Endless Fromtier estimated that as many as 150,000
baccalaureaze degrees in science had been lost as a result of World
War 1l and chat the cumulative shortfall of Ph.D.s in science
between 1941 and 1955 would be 16,000. It recommended chat
300 graduate fellowships be awarded each year to help reduce chat
deficit.

The Steelman report blunty stated that, "under present condi-

tions, the ceiling on R&D activities is fixed by the availability of

ASSOCIATION AFFAIRS 42§
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trained personnel, rather than by the amounts of moncy available”
(4, p. 22). In 1947, the annual production of Ph.D.’s in science was
approximately 1600; the Steelman report recommended that the
rate should be increased to 5500 by 1957. Buc by 1960, fewer than
5000 Ph.D.’s were being produced annually. Within 5 years the
post-Sputnik surge finally accelerated Ph.D. producrion in science
above the Steelman recommendation. A national crisis, in the guise
of Sputnik, was required to fulfill the financial and human resource
investments that the Steclman report recommended in the aftermath
of World War I1.

T have recalled these post-World War II atempts to gauge the
furure resource requirements for science and en not so
much to demonstrate the hazards of making predictions abour the
furure, but to remind us thar the growth of R&D resources was
uneven, sometimes uncertain, and often dependent on unpredictable
cvents. The Korean War led to an accelerated growth in R&D
expenditures in the carly 1950s, and Spumik was needed ro provide
the impetus for growth in the 1960s, even though cogent arguments
for increased support had been advanced many years earlier.

Although we now regard the post-World War II years as the
starting point for the flowering of American science, it is uscful o
recall that both the financial and human resource bases had starred
to expand before that period. Berween 1930 and 1940, in the midst
of the Great nationai R&D investments actually dou-
bled from $166 miilion to $345 million.

Reliable data on the producton of scientists and engineers before
World War II are not available, but the number of baccalaurcate
degrees conferred by America:: colleges and universities had been
rising since the tum of the century (Fig. 1). Approximarely 30,000
such degrees were conferred in 1900. By 1920 that number reached
50,000 and in the ensuing decade doubled to 1060,000. In 1950, on
the eve of the Korean War, U.S. and universities awarded
almost 500,000 baccalaureate degrees; by 1970 that number was
approaching its current ievel ofappmnmat:ly 1 million.

There have been three notable in baccalaureate
conferrals since the tum of the century and, by implication, in the
production of scientists and engineers. The first two occurred after
World Wars [ and I and can be attributed to the influx of recurning
vererans. Coincidentally, perceived opportunities in science and

industrial and i
lndtcaﬁcmulhofWoddWarﬂ,mmgfedcnlmvmu

10000

1900 1920 1540 1960 1980
» M
Fig. 1. Growth of U.S. baccalaurcate and first professional from
1960 1o 1988. The dotted line shows a 4.8% annual growth rate. The baby
Source: Nationa! Science
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Foundation]
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helped create new employment opportunities for scientists and
engineers. The third surge in college enrollments began in the
1960s, fucled by the onset of the baby-boom generation. Durning
that period, too, the post-Sputnik narional commitment to S&T was
sull evident, and opportunities in science and engineering seemed to
be bright.

A forruitous coincidence berween an available college-age popula-
ton and an expanding financial base for S&T combined 2o fucl the
three major surges in college enrollments—and, in tumn, the produc-
ton of scientists and engineers—during this century. Today, the
need for financial and human v'sources adequate t¢  “ect our many
domestic and global challenges is self-evident. Yet, expasding either
resource base will be more difficult than in the past. Many claimants
compete with science for a farger share of the federal budger, and the
pool of young talent from which future scientists and engineers will
be drawn continues to shrink. The most serious problem we face
today is maintaining excellence and global leadership in an erz of

Constraints on Finanaal and Human Resources

/ In February 1986, the Report of the White House Science
Coundil’s Panel on the Health of U.S. Colleges and Universiies
(the so-called Packard-Bromicy report) recommended that NSF's
budger be doubled over the next 5 years to maintain the vitality of
the university-based research system (5). Subsequent budget pro-
posals have artempred to address thar recommendation. But in cach
year since 1986, ﬁmdsappmpmtcdmNSFbyCommhavebcm
substantially less than the Administration’s requests. For example, 2
ywagod]:BmhAdnunmmnmqmmdszlwbdhonwaSF
for fiscal year 1990, an increase of almost 12% over the 1989 level of
$1.923 billion. At the end of October, the Senate and House
forwarded an appropriations bill to the president with $2.072
billion for NSF—$190 million more than for fiscal year 1989.
However, since the total federal budget appropriated by Congress
cxceeded the Gramm-Rudman-Hollings cei across-the-board
reductions auromarically went into effece, reducing NSF’s budgest by
an additional 328 million.

Congress’ failure to appropriate NSF budget increases proposed
wsmmmabyw;:tﬁecmdmhcko&mofm

of research as an investment in the nation’s future. The
faduxtmxltcdﬁmndlcﬁmgrms need 1o balance a bewildering
array of competing demands in the face of 2 bipartisan commiunent
to contain the budget deficit.

Although federal support for research has not increased as rapidly
as we had hoped, scientific opporrunitics have proliferated so fast
that most of them could not have been funded even if NSFs budget
had doubled. Some of those itics require support for small
to mid-sized projects; others, such as the Superconducting Super
Collider and the Human Genome Project, qualify as megaprojeces
involving enormous financial commitments. Edward David, science
adviser 2o President Nixon, has characterized the collision berween
scicntific opportunities and constrained financial resources as a
“erisis of purpose” for the science and communites and
the federal agencies that support their research (6). Frank Press,
science adviser to President Carter, has referred to it as the “dilemma
of the golden age of scicnce™ (6, p. 3).

Press has called on the scientific community to establish broad
criteria to assist federal funding agencies in serting priorities for
research support. He has challenged us to set aside parcchial
concerns about whether or not our favorite projects are funded in
the interest of maintaining the long-term productivity of U.S.
scicnee during an era of limited resources.

SCIENCE, VOL. 248
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22-Yets-ods (milions)
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Fig. 2. Millions of 22-year-olds in the U.S. popularion. {Source: Burcau of
Cuuus.wao:um]m {

No doubt many of us have thought about ways to escape from the
dilemma posed by Press, for example, by convincing a hesitant
to cffect significant reallocations within the total federal
budget in favor of S&T. Aithough some adjustments are possible,
the prospects for budgets large enough to address even the most

promising scientific opportunities are virtually nonexistent.
In addition to financial constraints, we may also have to leam to
Zlive with severe shorsfalls between the supply and demand for
i 1 e e e

supp:
dnmndmumandmgmnus:tﬂnl’hb lcvtl.wu:hthe

shortage persisting well into the 21st

Serknuslnr&'ﬂbmlhoprojcmd&;rmb.‘sm&nhmnuﬁﬁ&
and social sciences (7). Projections for those ficlds are based on
different assumprions and do not involve demand for Ph.D.’s in the
ponacademic sector—a demand dhat is difficule to estimate in the
humanities and social sciences. In this arricle I shall focus mainly on
the narural sciences and engineering.

The models used to project supply and demand for scientists and
engineers have been subject to criticism. But most of the dispute
tumsonquznuunv:dcmhndlﬂmmcﬂmdammlcondu-

sion; namely, that unless corrective actions are taken immediately,
muvmmu.mdtmy and will begin to experience
shortages of scientists and engineers in the next 4 o 6 years, with
shomgubocommgngmﬁamdurmgkhcﬁdyy&nofﬂwmt

m&mdmmhmnmummldbemmom
severe than constraints on financial resources. Moreover, alleviating
those constraines will require more than simply convincing Congress
to reassess budget priorities. It will require us ro convince larger
numbers of young Americans thar the rewards of a career in science
or engineering are worth the time and effort entailed. This task will
necessitate a reexamination of the values that attracted us to science
in the first place and 2 recommitment to the proposition that
rescarch and ing prosper best in an environment in which they
are closely linked to each cther.

Projections at the Baccalaureate Level

Let us consider the assumptions and models that have been used
t make projections about personnel shortages (8). Two factors
indicate that the supply of scientists and engincers at the baccalaure-
ate Jevel will almost certainly decline over the coming decade. First,
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the size of the college-age population will continue to decline until
1996 or 1997; second, it is unlikely that the percentage of college
students who are awarded baccalaureate degrees in science and
engincering will increase fast enough to compensate for that decline.

Changes in the sizc of the 22-year-old cobort in the United States
between 1960 and 2010 are shown in Fig. 2. That number peaked at
about 4.3 million in 1981, will decline to 2bout 3.2 million by 1996,
and then will begin to rise again. For the first few years after 1981,
the decreasing size of the college-age population was offser by an
increase in the percentage of individuals artending college, so that a
decline in enrollment was not ] Bur a decline has now
become evident (Fig. 3). One consequence of 2 continuing decline
in college enrollments is likely to be a slowdown in demand for new
facultyduﬁngthcnmscvcm!yws.

Because of the continuing decline in the college-age population,
the of students receiving bachelor’s degrees in science
and engincering would have to increase dramatically just to maintain
the current annual supply. Can such an increase be accomplished?
lehzstoncaldataarenotmungm 19990 o YOED,
W fraction of mn-;k
Svwval eciences and
blihed hoverad ez sbeue 4%, hﬂmnmh‘md
rfichnd 5.90 i 1908 (Fig.Wi). Raceat des incicse W e
gounizel tone in 1990 will be 4.5%,; sx ¥t (P). That rate would have
to increase to more than 6% by the um of the century to maintain
the current supply of scientists and

[fmstcad,thccnnfcmlm::dunngmcncnmyemmha:
their average level for the 1980s, Bowen and Sosa’s analysis (7)
projects an annuad decline of 1200 baccalaureare degrees per year in
the mathematical, physical, and biological sciences between 1987
and 1997, after which the numbers would in t0 increase
gradually and reach 1987 levels by the year 2002. Such projections
translate into an annual decline of almost 3000 baccalaureares per
year in the natural sciences and engincering.

New baccalaureate-level scientists and engineers confront a variery
of career options. While some of them go directly into science and

. engincering-related employment, others enter positions not related

to their college majors. Some enroll in professional schools of
medicine, law, or business administration. Only about 5% obrain a
Ph.D. in science or enginecring.

Because of these numerous carcer options, demand projections at
the baccalaureare level have not been amempred. It is customary,
instead, to reference the “decline™ that would occur as the demo-
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graphics changed, given that all other variables remain fixed at their
values m a bascline year.

t is worth noting that the employment rate for scientists and
engineers is increasing faster than total U.S. emp account-
ing for 3.6% of the labor force in 1986 compared with 2.4% in
1976. Thus, it is reasonable to assume an intensified competition for
the scientists and engineers produced during the coming decade.
Opporunites for those graduares will be excellent, a fact that needs

o be emphasized to young people who are now making career
choices.

Demand and Supply of Ph.D.’s

Much of the concern about constraints on human resources in
science and enginezring focuses on the ability of graduate schools to
attract enough baccalaureate recipients to produce the Ph.D.’s
required to meet future needs. Total Ph.D. preduction in science
and engineering increased rapidly after 1960, peaked in 1972, and
thereafter declined unul dhe late 1970s; it then increased during the
early 1980s (Fig. 5). Much of the recent recovery has been due to
non-U.S. citizens, who accounted for 27% of all science and
enginecering graduate students during 1987. It is instructive to
examine enrollment data by field. In 1972, U.S. institutions award-
ed more than 1000 Ph.D.’s in mathemarics; in 1987, they awarded
about 750, and only abour 350 to U.S.-bom students (Fig. 6).
Approximarcly 1600 Ph.D.’s were awarded in physics and astrono-
my in 1972, as opposed to 1200 in 1987; two-thirds of the 1987
recipients were U.S.~bom. In the biological sciences, the number of
Ph.D.’s granted rose from 3500 in 1972 to 3900 in 1987, with
U.S.~bom recipients accounting for 3100 in the latter year.

What do these trends portend for the future? As noted earlier,
somewhat less than 5% of the 22-year-old population obtains
baccalaurcare degrees in the natural scienoes and  enginecring.
Furthermore, of that pool 5% go on to cam Ph.D.’s in those ficlds.
HdmemoS%vducsmﬁmmmcpmdumonofPh.Ds
population. (The term “ is a MNemonic to
describe this calculation.) An NSF study (9) has made such an
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Fig. 5. Number of Ph.D. degrees in the natural sciences, computer science,
and engincering from 1960 10 1987. The three curves are cumulative; that is,
cach is the sum of all curves beneath it. In 1987 production rates rercumed to
the peak rate of 1971, {Source: National Science Foundation)

analysis with the added assumption that the number of foreign
students receiving Ph.D.’s in the future will remain at the present
level of approximately 4500. The NSF study predicts that the
number of new Ph.D.’s will rise from about 14,450 in 1988 to 2
peak level of 15,600 in 1993; that aumber is then projected w
decline to about 13,000 in 2003, subscquently recovering
approximately 14,200 by 2010.

In order to transform such numbers into a supply of Ph.D.’s for
the UU.S. labor force, we must make an ion about the
employment of foreign students after they finish the doctorate. On
average, across all ficlds of science and engineering, about half of the
forcign-born Ph.D.’s crrently enter the U.S. labor force. This 50%
valunsusedmdmmmmeprqecmdsupplyofPh,D ’s (Fig. 7).
In judging these projections, it is worth that the two 5%
values are optimistic given the historical record, and the 50% value
for forcign-born Ph.D.’s may prove too high in the future as other
nations become better able to atract their citizens back home after
study abroad.

Will the Ph.D. supply be adequate to meet the demand? To
answer this question, one can tum to the previously cited NSF study
(9). In 1988 the country employed 12,189 acw Ph.D. scientists znd
mgme:m—5563moollegemdummmcs,5068mmdmtry and
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