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Fig. 7. Supply and de-
mand projected to the
year 2010 for Ph.D.’s in
the narural sciences and
on, ing. Four differ-
ok demand scenaron are
indicated by the Dy, D,
D, and D, curves.

2010

the remainder in federal, state, and local governments. Slightly more
than 40% of these new Ph.D.’s were replacements hired to fill
cxisting positions created by deaths and retirements; the remainder
filled new positions created as a result of cxpanding programs in
academia, industry, and government (Table 1).

If the projected demand for new Ph.D.s in science and engineer-
ing were to remain constant at the 1988 level, there would be more
than enough new Ph.D.’s until about 1995. Thereafter, a slowly
increasing shortfall berween demand and supply would develop that
would reach 2 maximum of about 1560 in the year 2003 and would
vlrmahy cusappear by 2010. This demand scenario is labeled Dy in

Fig. 7

But the constant D, scenanio is highly unlikely for at least three
reasons. First, yearly replacements due to retirements and deaths arc
expected to increase over the next two decades. Second, college and
univcrsiwmﬂmmmalmostoeminmmcrmcmmchtc
1990s with the expanding collcge-age population, necessitating an
increase in the number of faculty hired. Third, if federal and private
investments in R8D continue to grow at even moderate rates, the
number of new Ph.D.’s required by indusery will be well above the
1988 level. These three factors generate three additional demand
scenarios labeled Dy, Dy, and Ds.

Let us consider first the number of new Ph.D.’s required to fill
cxisting positions as they are vacated because of retirements and
deaths. That replacement demand was 5080 in 1988 for the
academic, industrial, and government sectors combined (Table 1).
Because of the age distmbution of the Ph.D. work force, the
replacement demand is anticipated to increase steadily over the next
two decades and reach abour 11,000 in the year 2010. This effect
will be particularly evident in academia: most of the faculty hired
during the boom period of the 1960s are still in place, but they will
begin to retire in large numbers starting in the late 1990s (7).

The expected number of replacements is well documented, and
there is linle disagreement among experss abour these numbers.
Adding an increasing number of replacements to the Dy scenario
yiclds the Dy curve (Fig. 7). This projection suggests that the
shortage of Ph.D.’s will become evident in about 6 years.

In the short term, pressures created by an increasing demand for

Table 1. Catcgorized breakdown of the demand for Ph.D.’s in 1988 (9).

i Replacemen N
Crganization s posi?ms
Universities and collzges 2896 2667
Industry and business 1422 3646
Government 762 796
Toul 5030 7109
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new Ph.D.’s in the nonacademic sectors arc likely to be offset
somewhat by a decline in the number of new faculty required 1o
teach a decreasing number of college students. The analysis o
Bowen and Sosa (7) indicates that all academic fields (sciences

humanities, and the arvs) are likely to experience an excess supply .+
new Ph.D.’s undl the mid-1990s, after which time the situation w::
rapidly reverse itseif with demand outstripping supply well into thc
next century. That rapid reversal will occur because large numbers o:
faculty will be retiring just as coliege enrollments begin to increasc

once again (10).

As colleges and universitics scramble ro fill positions created by
faculty reurements, they will be faced suddenly with rapidly increas
ing enroliments linked to the demographics of the college-uge
population. Assuming that the current studenvfaculty rato s
mainuined in furure years, there will be an additional demand for
new Ph.D.’s to fill the expanding facultics. In 1988, the number of
new positions created in colleges and universities was 2667 (Table
1); thar number will fluctuate for the next several years and ther
grow steadily to abour 5250 by the year 2010. If this increasec
demand is added to the D, scenario, the result is the D; curve (Fip
7). This curve might be damped somewhat by increasing the currem
student/faculty ratio or by adopting policies that reduce the perceur
age of high schoo! graduates going on to college, but those chang:
would bring a corresponding reduction in both the quality and
availability of higher education.

The Dy scenario is based on the assumption that the nonacadem.
sector (business, indusay, and government) will add 4442 new
Ph.D.-level positions to the labor force on an annual basis—in
addition to replacements (Table 1). The NSF study (9) indicates
that this growth forecast is too conservative, given historic correla-
tions berween R&D investment and the need for new Ph.D.s. It
argues that the base number should grow at an annual rate 0f 4% in
order to maintain economic growth and international competitive-
ness. Given a 4% growth rate, the 1988 level of 4442 new Ph.D.-
level positons would increase to about 9600 by the year 2010.
Adding these positions to the D, demand curve generates the curve
labeled Dy (Fig. 7).

These four demand scenarios are summarized in Fig. 8. Supply
and demand estimates averaged over the 16-year period from 1995
to 2010 are presented, along with the average annual shortfall.
Shortfalls range from 950 for the Dy casc to 9600 for the Dj case.
Such annual shortfalls yield cumulative shortfalls over the 16-year
period that range from 15,200 for Dy to 153,600 for D;.

My own judgment is that the D, projection should be given the
most serious consideration (11). It does not represent an extreme
casc; it requires simply thar the current student/faculty ratio be
maintained in future years and that there be about an annual 4%
growth rate for thc number of new Ph.D.’s hired by business,
industry, ard government. These are minimal requirements if we
believe that education and research are critical for economic growth,

Supply Annual
11,250 Shortfall
—o-jq'=12.200j——--| 950 i
o4 [, = 15,800 }—e| 4550 |
Fig. 8. The annual supply and de- 1 D, = 17,600 }—=1| 6550 |
mand for new Ph.D.’s in the narural
sciences and engineering averaged
over the lﬂ-yarE:;nod from 1995 L—={ D, = 20.850 |—={{ 9600 ]
to 2010. |
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international competitiveness, advances in health care, and national
secunity. The Dy case is complerely unrealistic, unless we ane
picpared for a dramatic deterioration in the nation’s education and
wescarch enterprises.

Marker mechanisins will no doubt reduce projected shorfalls
between supply and demand, but they will be slow in coming and
apensive. As competition for a dwindling supply of new Ph.D.’s
mtensifics, the percentage of baccalaureate recipients who pursuc
2h.Ds in anticipation of improved employment opportunities is
almost certain to increasc. But that positive market signal will not be
transmitted for several years. Unul then, a declining demand for
faculty is likely to transmit a negative signal to new baccalaureates
about the rewards of graduate study. In any event, market mecha-
nisms alone are not likely to yicld appreciable additional Ph.D’s
before well into the next century. Prudence suggests, therefore, that
WE pursuc intervention strategics to increase the furure supply of
Ph.D.’s by increasing the number of college students who complete
baccalaureare degrees in science and engincering, and increasing the
aumber of baccalaureate recipicnts who go on to obtain Ph.D.s.

Recruitment and Retention Strategics

Are there enough qualified students to increase the production of
scientists and engineers without compromising quality? Statistics
coliected by the Deparmment of Education suggest that there are.
These dara arc based on surveys thar mack students in the high-
school classes of 1972, 1980, and 1982 beginning with their
freshmen year in college (9). The results indicate that a large fraction
of interested and students are “lost” to science and

berween their freshman and senior years in college. For
the high school dass of 1980:

@ Only 46% of those freshmen who declared their intention to
major in science or engineering eventually received baccalaureate
degrees in those fields.

® Of the freshmen who switched out of science and engincering,
only 31% did so because they found the course work too difficult;
43% found other fields more interesting; and 26% believed they
would have better job prospects elsewhere.

@ The loss of declared science and engineering students between
the freshman and senior year is greater for women than for men and
is greatest for underrepresented minorities.

Information about qualified students (B-+ or better) who are lost
to science and engincering before the freshman year in college may
be even more significant for devising effective retention strategies:

@ Only 58% of qualified high school seniors enrolled in 4-year
colleges; 21% enrolied in 2-year or vocational colleges; and 21% did
not enroll in any college ar all.

® Of the 21% who did not enroll in any type of college program,
fully one-fourth had taken ten or more semesters of mathematics and
sdence in high school.

The latter group of students (with both high grades and ten
semcsters of science who failed to enroll in college) was about 25%
of the size of the group of all students entering college with declared
majors in science and engineering. The projected shortfall of the
next two decades could be largely avoided if such students went on
to college in science and engineering, even allowing for subsequent
artrition.

These data suggest that several strategies could increase the
number of baccalaureate degrees in science and engincering. Some
of these strategics would be relatively straightforward. For example,

financial assistance could increase the likelihood that quali-
fied high school students would enroll in 4-year colleges. Likewise,
effective counseling in addition to financial assistance could help
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mdmyumnumbmofquahﬁedmdummz-ymmﬂegu
would have an opporrunity o pursuc science and engineering
majors in 4-year colleges.

Retention should be aimed at reducing the number of
students who drop out of coliege, or who from science and
engineering majors to other fields. With respect to the larter, the
sciences have the highest defection rares of any uare major
mdalmdlebmmuofmmnmﬁmodnﬁckh(!ﬂ
Anccdotes abound about scence faculty who take pride in the
nuinber of students who drop their courses; they apparently equate
student dropouts with rigorous instruction. Such attitudes toward
tudnngnecdwbemsmed,dwymespmﬂymblmgmm
thar the sciences attract a disproportionate mumber of academically
supcerior college freshmen.

Fellowships for Graduate Education
Strategies for retaining greater numbers of students in science and
engineering through high school and college need to be explored.
Homu,wmxfcﬁmpmgtmuomﬂdhepu:mphcmm
arcly, such programs would not generate substantial increases in
science and engineering Ph.D.’s for ax least a decade. Consequently,
we need 10 ask whether more of the current baccalaureate recipients
can be recruited to graduate work.

Statistics on the high school class of 1972 suggest that 20% of the
men receiving baccalaureare degrees in science and enginecring and
9.4%of&|ewomwmmllywuummmmqpeof
advanced degree. But the number acrually Ph.D.’s in science
and enginecring was only 5.5% for men and 3% for women (9).
Many of the science and engineering baccahumwimpummd
advanced degrees in other disciplines or in
decided that there were inadequate opportunitics in science and
engineering. Among baccalaurcate recipients entering dhe labor
market directly from college, many seem o have decided that the
time and financial sacrifice required for a Ph.D. were not worth the
anticipated returns,

Berter information about the impending shortage of scientists and
engineers might convince more baccalaureate recipients to pursuc
the Ph.D. This information coupled with substantial increases in
financial support for graduate work could be even more effective.

the period from 1969 to 1989 the number of
funded graduate fellowships and traineeships decreased from about
60,000 to less than 14,000. Although research assistantships in-
creased from 20,000 ro about 35,000 in the same period, this gain
did not approximate the decline in fellowships and traineeships (Fig.
9).
The exact mix of fellowships, trainecships, and research assistant-

100

Mumber of stipends (thoussnds)
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3
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ships that should be proposed to deal with the impending shortage
of Ph.D’s needs careful study. Any such proposal for federal
support should have the following features: (i) be sufficiently
flewible so that it can be rodulated as updatzd information becomes
available about supply and demand; (ii) have a mechanism to ensure
that awards are targeted toward fields with the most scrious
shordfalls; and (iii) have special incentives for underrepresented
minorities and women. A group such as the National Science Board
should examine various funding options and muxes of fellowships,
traineeships, and rescarch assistantships and then make proposals.

Fellowstup programs (which award support directly to students)
and traineeship programs (which award funds to university depart-
mients, who then select the students to be supported) can allocate
resources competitively on the basis of equally nigorous judgments
of quality; the difference is whether students or departments are the
unit of competition. One advantage of trainceship programs is that
judgments in such competitions generally result in broader geo-
graphic distributions than do the choices of students in portable
fellowship programs; such an cutcome can make traineeships more
attractive to Congress.

A comprehensive program for the production of more Ph.D.’s
should be initiated immediately. Even with the scientific community
united behind the need for such a program, it would probably take
several years to formulate a broad-based plan, to convince Congress
of the need, and to secure the required funding. In the meantime, a
first step should be taken now—in anticipation of a more compre-
hensive program. What I have in mind is immediately establishing a
National Program for Graduate Study similar to the National
Defense Education Act (NDEA) program created after Sputnik.
(Although it was called the NDEA Title IV Fellowship Program, it
was in fact a traineeship program.) I described such a program to the
Regents of the University of California (13). It called for 4-ycar
trainceships funded ar the level of $25,000 per year (a $16,000
sipend and mition waiver to the student, plus $9,000 to the
university in licu of mition and fees). To begin to deal with the
Ph.D. shortfall, at least 3,000 new traineeships per year would be
needed. Ar steady state there would be 12,000 traineeships in any
given year ar an annual cost of $300 million.

This efforr alone would be insufficient for coping with the
impending shortage of Ph.D.’s and would need to be supplemented
with addidonal felowships and research assistantships (14). Howev-
cr, as was the casc with the NDEA program after Spuinik, this
program would draw national arrenton to the fact thar a senious
problem exists. With a concerted effort, it could be sold to key
members of the Administration and Congress during the coming
months and be part of the budger package sent to Congress in
January 1991.

Women and Minorities in Science and
Engincering

To be effective, strategies aimed ar increasing conferral rates at the
baccalaureare and docroral levels should place special emphasis on
population groups for which significant increases can be anticipated.
Women are the most obvious of these groups. There has been a slow
but steady increase in science and engincering baccalaurcate confer-
ral rates for women over the past 30 years, from less than 1% of 22-
year-old females in 1959 to 2.5% in 1986. The increase has offser a
slow, parallel decline in the conferral rate for males.

In recent years, however, efforts to advance participation of
women in science have stalied. The number of science and engincer-
ing doctorates awarded to women increased from the late 1950s
into the carly 1980s but has not increased substantially for the past
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Ph.D degrees (thausands)

Fig. 10. Numbxr of Ph.D. degrees awarded ro U.S. atizens in the narural
sciences and engincening from 1972 1o 1988. Diagonal line bar represents
men; solid bar, women; and squares, the toral. {Source: National Science
Foundauon}

several years (Fig. 10). An Office of Technology Assessment report
concluded that the principal reason for the slowdown in women’s
inrerest in science and engineering careers is that women continue to
experience higher unemployment, lower pay, and fewer promotion
opportunities than their male counterparts (15). Special efforts must
be made to retain women at the baccalaurcate and doctoral levels
and to ensure thar their talents and waining are more fully rewarded
(16).

Underrepresented minorides, particularly blacks and Hispanics,
present a more difficule challenge. Currently, these two groups make
up 20% of the college-age population; they will make up 25% by
1996 and 33% by 2010. Thus, even a 5% conferral rate for
baccalaureares in science and engineering will require substantially
increased participation by such minority groups. At present, their
participation is minimal. In 1988, fewer than 300 blacks and
Hispanics received Ph.D.'s in science and enginecring. No substan-
tial improvement can be antcipared within the nexe few years. In
fact, between 1976 and 1986 the percentage of black and Hispanic
high school graduares going on to coilege declined, and both groups
have significantly higher dropout rates than whites and Asians. The
nation’s schools must develop an environment thar encourages
minority students to pursuc the sciences, one that is perceived as
supportive and rewarding.

Concluding Remarks

Some may take comfort in the fact that conferral rates for
baccalaureate degrees in science and cngincering have remained
roughly constant for 30 years. But any reasonable analysis of the
realities of global competition in today’s marketplace should be
discomfiung in the extreme. The fact that the number of young
people selectng science and engineering carcers has not increased
dunng a generation in which S&T pervades every aspect of our lives
is nothing less than a scandal. A variety of reasons have been
advanced; for example, uninteresting curricula in grades kindergar-
ten (K) through 12 and reachers who are inadequarely trained and
poorly rewarded. Programs to deal with these problems have been
discussed repeatedly, buc few concrete steps have been taken. We
nced 1o redouble our cfforts to ensure that all levels of government
are committed to K through 12 programs and provide adequate
support.

However, we need to do more than simply try to ensure adequare
funding for programs that artract students 1o science and engineer-
ing. We also need to ask whether we, as scientists, are communicat-
ing, through our actions, the values that attracted us to science in the
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first place. Our universities take justifiable pride in the world-class
rescarch facilitics on their campuses. Yer few research professors pay
much arention to teacher raining programs at their university, and
fewer sull would willingly sacrifice even a small percentage of their
budget to improve such training programs.

Rescarch universities take pride in the quality of the Ph.D.
students they produce. Yet few of the rescarch professors who
bemoan the condition of precollege instruction in science would
advise their graduate students to devore substantial tme to the
preparation of curriculum materials for grades K through 12. In
addition, few advisc scniors to consider careers in high school
teaching,

These examples suggest the difficult choices we face in seeking to
ensure the vitality of science and engincening in an era of limits.
Obtaining funds to pursue even a fraction of the research opportuni-
tics on the horizon will be difficult. Finding trained scientists and
engincers to further those opportunities wili be a sull more daunting
task. There is lirtle hope of securing the needed human resources
unless we invest some of our current capital in their future.

Public support for science and engineering depends not so much
on the discoveries and inventions produced, but on how closcly the
values of scientists coincide with those of the larger society. Those
valucs arc most evident to the public in our amirudes roward
cducation. The title of the AAAS presidental address by Wesley C.
Mirchell on the eve of World War II was “The Public Relations of
Science™ (17). Mitchell credited John Dewey, one of his mentors,
with the assertion that “the tuture of democracy is allied with [dhe]
spread of the scientfic attitude™ (17, p. 95). He went on to suggest
what the scientists in his audience might do to act on Dewey’s
propasition (17, p. 95). '

As teachers in schools and colleges we can help thousands ro develop respect
for evidence. . . . We can promote general understanding of the methods and
results of science through our own writings. . . . These things we should do,
not as high pnests assured that they are always right, but as workers who
have lcamed a method of treating problems thar wins cumulative successes,
and who would like to share that method with others.

Those words, uttered on the threshold of World War 11, apply with
even greater force in our time as we move to the threshold of a new
decade, a new century, and a new millennium.
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Introduction

“For every complex question,
there is a simple answer—
and it’s wrong.”

—H. L. Mencken

To solve the nation’s twin problems of a projected shortfall of science
workers and general science illiteracy, many educators are proposing a
massive restructuring of the curriculum and pedagogy of elementary
and secondary school science. Does it all sound familiar, reminiscent of
the reaction to Sputnik some 30 years ago?

While the importance of improved school science cannot be dimin-
ished and is, indeed, demanded to improve science literacy, it is not a
remedy, nor does it offer hope for an immediate increase in science
graduates. The author of this first of a series of occasional papers on
neglected problems in science education chides members of the science
professoriat for a comfortable “elsewhere” focus; for advocating K-12
reforms rather than coming to grips with the hemorrhaging of the
student pipeline that occurs during the college years.

Proposed here is that science educators focus on such issues as course
design, teaching and curriculum as well as on recruitment, rewards and
opportunities in science. The goal would be to attract that group of able
students who can do science, but select other options, a group dubbed
the “second tier.” By getting to get to know these students and finding
ways to reverse their migration from science to other disciplines, it
should be possible to stem the massive loss of potential science workers
that occurs during the college years.

Such a migration reversal must take place at the several junctions at
which the sciences lose potential practitioners: the transition between
high school and college; the freshman year; and the midmajor, mid-
decision points where, having completed as many =5 two years of
college science, students change directions. If we are i« truly alleviate
the problems of an inadequately educated populace and a projected
shortage of scientists and engineers, we must demand that no college
student be allowed to leave science “without a struggle.”

The author’s previous research (see page 93 for a selective bibliogra-
phy) focused on math anxiety and what makes college science “hard?”
A technique she employed was the participation of nonscience faculty
in artificially constructed college science lessons. In this first project for
Research Corporation, she turns to introductory science as experienced
by stand-ins for the so-called “second tier.” Six graduate students and
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one professor, all from nonscience fields, were recruited to “seriously
audit” introductory physics or chemistry. Their task: to purposefully
explore their personal encounters with the courses and “classroom cul-
ture” of beginning college science. Theyre Not Dumb, They're Different—
Stalking the Second Tier includes excerpts from the field notes of these
seven auditors and comparable data from a study of Harvard-Radcliffe
students who switched out of science courses, and from a University of
Michigan study of a cohort of students in science.

“Final Speculations” asks penetrating questions about why the «..-
ence community focuses on the supply of future science workers, v- 1ile
leaving demand to chance and the market. While most thinking people
agree that the nation needs more science, we should not assume this
need will translate into more paid work for scientists. Students (other
than those singularly determined to be scientists) look for career oppor-
tunities, mobility, adequate compensation, and opportunities for ad-
vancement. If the nation is going to attract new recruits to science, we
owe them not just a welcome, but jobs and career ladders appropriate
to their abilities.

This essay will not be pleasing to all members of the science teaching
community, and a few will complain of methodology that draws more
from ethnology than the physical sciences. Such objections notwith-
standing, most will agree that Sheila Tobias’s findings are provocative
and worthy of serious discussion. It is Research Corporation’s aim to
help probe the reasons behind the shortfall and the publiclack of interest
inscience. If this booklet provokes discussion of how we can better teach

and share the excitement of science, the public and our professions will
be well served.

john P. Schaefer, Ph.D.
President
Research Corporation

Tucson, Arizona

May 1,1990
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Stemming the Science Shortfall at College

“Who will do science? That depends on who is included
in the talent pool. The old rules do not work in the
new reality. It's time for a different game plan
that brings new players in off the bench.”

—Shirley M. Maicom!

Everybody says it in one way or another: we need to teach more stu-

.dents more science. To a policy-oriented social scientist, this means we
have to identify the able students who are choosing not to pursue
science; find out why they are put off by science and attracted to other
occupations; and, if necessary, change the recruitment, reward, and
opportunity structures to match their temperaments and needs. This
may involve providing not just more access, but more individual
attention and support; not just more tutoring, but more meaningful
and appealing introductory courses; not just more scholarships, but
substantial loan forgiveness for those who decide to stay in science,
and more and better job-ladders for terminal B.A.s; in short, substan-
tive guarantees of welcome and success.

But “recruitment,” “rewards,” and “opportunity structures” are not
the usual stuff of educational reform. So it should not be too surprising
that science educators are promoting, rather, a massive restructuring
of the nation’s elementary and secondary science curriculum and the
training or retraining of virtually everyone who teaches science from
kindergarten through twelfth grade.?

I will argue here that, however necessary this restructuring may be,
localism and the extreme diversity of the nation’s 16,000 school dis-
tricts willi make precollege curricular change difficult to implement
and much longer than anticipated to achieve. While such reform will
chip away at science illiteracy and pave the way eventually for new

! Shirley M. Malcom, is head of the Directorate for Education and Human Resources Pro-
grams of the American Association of the Advancement of Science. This final paragraph is
taken from her Essay, “Who will do science in the next century?” Scientific American, Feb.
1990, p. 112

! Among these are: Project 2061 of the AAAS, a new curriculum for the elementary grades
that will be appropriate when Halley’s comet comes around again; the National Science
Teachers’ Association's Scope, Sequence, and Coordination of Secondary School Science; NSF s $14
million support for seven projects to develop new curricular materials for elementary
schoo! science. For a comprehensive review of the more than 300 major policy studies on
saathematics and science education in the U S. since 1983, write to Jay Shiro Tashiro, Math/
Science institute, Simon’s Rock College, Great Barrington, MA 0213°
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recruits to science, it may not be the most efficient or effective way to
meet the projected shortfall.’ There is no question that any shortage of
science workers, actual or projected, is profoundly linked to science
illiteracy. Science is too little “spoken” in the nation’s households and
there are too few role models for young people to emulate. Nor is there
any doubt that the long-term recruitment of students to science will be
served by any improvement in the nation’s educational performance.
But practicably, and in the interest of cost-effectiveness, it may be
better to disentangle the several strategies currently underway, ie.,
science literacy, curriculum reform, and recruitment of future profes-
sionals to science, at least in the immediate future.

This means focusing on college.

The fact is, a very large number of American high school graduates
survive their less-than-perfect precollege education with their taste
and even some talent for science intact. As many as half a million
students are probably taking introductery college science at some level
each year. The problem is that betweer 1966 and 1988 the proportion of
college freshmen planning to major in science and mathematics fell by
half.* Even after the introductory course, the flow out of science con-
tinues seemingly unchecked. One-third to one-half of those who ini-
tially indicate an interest in science leave science well into the major,
some even after completing a science degree. To stem that “hemor-
rhaging” of would-be science workers at the college level is a strategy
that must be urgently pursued, along with sweeping changes in the
elementary and high schools.

Why, then, has such a strategy not attracted the science community?
Why the tacit approval and even preference among practicing scien-
tists for precollege reform?> Some reasons suggest themselves to
someone viewing the profession from outside. Reformers—and insofar
as they become educational reformers scientists are no exception—are
most comfortable dealing with problems that have their origins (and,
hence, their solutions) elsewhere. In the case of the science shortfall,

“elsewhere” is in the pedagogy and curriculum of the lower grades

{where scientists have virtually no voice or influence); in the “anti-in-
tellectualism” of the nation’s home environments; in teacher-recruit-

: Kumeth C.Green, “A I"roﬁle of Undergraduates inthe Scuemces, American

77, Sept-Oct., 1989, p. 476. Green does not potm this out, but in proportion this drop
occurred in all the liberal arts disciplines.

* There have been efforts to study and deal with the exit of science students at college, but
K-12 issues decidedly dominate the national debate. See the recent Newsueek cover story
(“How to Teach Science to our Kids,” April9, 1990). For a sampling of college-level efforts,
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ment and teacher-training {(which usually occur in departments of
education cut off from departments of science); even in the “negative
image” of scientists as portrayed by popular culture.

There may be another reason that college science teachers look else-
where for reform. Because they are good researchers, scientists prefer
situations in which variables can be isolated and controlled. As anthro-
pologist Sharon Traweek concludes after studying the belief systems of
high-energy physicists, “Scientists long passionately for a world with-
out loose ends.”® For many scientists, then, it seems more logical to
begin with pure substances (the nation’s six-year-olds) and uniform
initial conditions, than to flounder in the messy bog of motivation,
attributes, and prior training exhibited by postsecondary students in
their early years at college.

This may be why tackling the projected shortfall through elemen-
tary and secondary school science reform is “easier” for many aca-
demic scientists to contemplate (and to ask the nation to pay for).
Dealing with the problems that aggravate the shortfall during the
college years is more difficult. College retention strategies cannot,
however, be left to chance. Even if—especially if—the nation achieves
the massive educational restructuring proposed, tomorrow’s recruit to
science may not be of like mind and motivation as yesterday’s. Nor is
there any guarantee that the projected shortfall will be eliminated.
Restructuring or no restructuring, we need new thinking about “who
will do science” and “why,” thinking that may challenge college sci-
ence teachers to grapple with issues they have not focused on before.
These are how to recruit, teach, reward, and cultivate different kinds of
students to science, students who are not younger versions of them-
selves.

But scientists are not likely to do such rethinking so long as they
continue to expect the next generation of science workers to rise, as
they did, like cream to the top. This is why introductory college courses
remain unapologetically competitive, selective and intimidating, de-
signed to winnow out all but the “top tier,” and why, as Eric Schocket
observes in his commentary on introductory physics (see infra), there is
little attempt to create a sense of “community” among average stu-
dents of science. Even good students (Kenneth Green's “B” students)’

see: The National Science Board, 1986 Report (the Neal Report); the NSF Disciplinary
Workshops 1988 Reports; The Revised Curricular Guidelines from the American Chemical
Society’s Committee on Professional Training. Particularly relevant to the project detailed
here is the focus on college courses in a Report of the Nationa! Advisory Group of Sigma Xi,
entitled An Exploration of the Nature and Quality of Undergraduate Education in Science, Mathe-
matics and Engineering, Jan. 1989. The authors of the report designate introductory courses
in science, mathematics, and engineering as “watershed courses™ and urge colleges and
universities to make these more accessible, more interesting and more rewarding.

* Sharon Traweek, Beamtimes and Lifetimes, The World of High Energy Physics, Cambridge:
Harvard University Press, 1988, conclusion.

?Green, Ibid.
Q
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Who Will Do Science in the 1990s?

The next 10 years should be a good time to be a scientist or an engineer looking for a job, but not
so good for employers looking to hire scientifically trained personnel

RoOBERT DAUFFEN-
BACH'S crvstal ball is
a urde cloudy rodav
The Oklahema State
University  econe-
must  forecasts the
USs.

ence

Ninth in a senes

economeme model, he s skepocal. The |
simulanon predicts onlv 10,000 new jobs
for biological sciennsts over the next de-
cade-—a growth rate of only 15%,. no more
than the increase of the work force as a
whole. “[ don’t even believe those num-

bers,” Dauffenbach says. The real growth
rate is likely to be higher, he explans,
because increasing commercial applicauons
for biotechnology should make biology a
fast-growing field in the 1990s.

mmhngahoutm ngtnatrcscucb
labs or universities, and government plan-
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labor supplv |
for the Nanonal Sa1- |
Foundauon. |
and although he 15
working with the most up-to-date NSF |

| ners. Furthermore, in spite of some uncer- |
winties, forecasters agree swrpnisinghv weil g
} on what the major trends ot the 1990s are

. going to be. Perhaps the most s.rkung will
! be a sharply increasing demand for scienosts
i and engincers as the decade wears

e stu
| science. thus 15 good news. “The number of | uvolved in defense work, “the markets for

} jobs for scicnnsts and enganeers should
| grow at about two umes the rate of the rest
of the economv,” Dauffenbach ¢-vs. And
although making predicnons for specific dis-
aplines s tricky, 1t 15 possible o pount
several likelv “hot fields.”

Engincers will be 1n great demand dunng
the 1990s as technology plays an increasing:
v umportant role n the producnion of goods
 and serices. The Bureau of Labor Stausucs
{ predicts that there wall be 350,000 new
engineenng jobs from 1988 ro 2000—a
25% nse. The NSF. working with a shghtlv
| differemt model, foresees 2 30% jump for
engineers.

But within engineering, there will be
same sharp varianon in job opportunuties.

+
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!
|

vanability emphasizes how mpor-

i tant the current polincal changes in Eastern

Europe could be. “Our set of projecuons
nicluded a 15% dechine i real defense ex-

penditures,” savs Ronald Kutscher, associate

cormumussioner of the Office of Emplovment

! Projecuons at the BLS. “Thus may underes-
| amarte the shuft awav from defense.”
t considenng a career in | 10 to 20% of the country’s engineers are

Jnce

some engineers are likely to soften in the
1990s,” he says.

A coilege student who wants o go wito
saence instead of engineering will have
be 3 lirtle piciuer about choosing a specialty.

% — Aging Faculty

&

S
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% of scisace & enginceriag incuily

gies will require new ma als and salanes
for traned materials scienusess—now i
short supply—can only go up. Within this
ficld, the horest ropics are likely o0 be
elecronuc and opucal matenals, supercon-
ductvity, composites, and matenals analvsis
using such tools as synchrotron radiaton.
lasers, cr scanning ricroscopes.

For those who prefer DNA to moon
rocks, the expected biotechnology boom—
the NSF model aside—should generate
plentv of jobs in the 1990s. The BLS pre-
dicrs 15,000 new jobs for biological saien-

| tsts—a 26% wncrease.

NEWS & COMMENT 413

MNatone Suence Foundation




colluuc-u oaulallon |

r

]
(=1

Millions of 18- to 22-year-plds

J

i

1885 1995 2010

And the biggest growth industry of the
{ast decade should be big for the 19905, too. |
Accorcing to th SBREVORNRNEE

jobs] now will be with coinputer sciennsts !

secking out probiems in other areas,™ says |

Stantord provost James Rosse, who explains | |
that many of the departments at the unver- |
sity are developing their own compurer ex- |
pertise. Computer specialists can expect to l
find job openings in a number of ﬁclds
besides computer science, he says.

Thus increasing demand is the good news. |
The bad news is thar the crvstal ball doesn’t
say where all these sciennists and engineers l
are going to come from. According to Rich- |
ard Adkinson, chancellor
of the Umv:mry of Cah

' =omgn students have tzken up
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universiaes, where a “retirernent wave” may
hit at about the same ame as a sharp increase
wn student cnrollmens. Over the past 10
vears, the average age of faculty steadily
wcreased, and many of che teachers who
were tured in the 1960s to teach the Baby
Boomers will reach renrement age in the
1990s. This wave will break at an awkward
ume: college enrollments, which have been
talling uver the past decade, are expected to
start back up 1n 6 or 7' vears as the chuldren
of the Baby Boomers reach college age.

i the slack. In 1988, foreign students with
| temporary visas carned 18% of all life sa-
ence Ph.D.'s awarded by U.S. colleges and
universinies, 30% of all physical science
Ph.D’s, and a staggering 45% of all engi-
neenng coctorates. The result: a surge in the
percentage of jobs going to foreigners, since
about half of all temporary residents carmung
dectorates stay i the Unuted States after
they graduate.

The effect has been paruculacly noticeable
among cogwnecrs. [n 1985, two-thirds of ali
rosidoctoral posiions went to noncitzens,
and abour half the assistant protessors under
35 were temporary residents. In the general
engineering work force, more than one-
thurd of all Ph.D. posinons were held by
Iemgn-bom workers. In 1988, the Nanonal
i Research Council reported that foreign stu-
dents are crowding U.S. students out of
posiions 1 graduate schools and foreign
engneers are taking jobs that would other-

Science and Engineering PhD's:

A Changing Chemistry

g

ugh sup-
Flv 1S ch harder to
predict than demand,
there seems o be good
rcason to worty about
not having cnough
taned workers in the
late 1990s and beyond.
The shortage of
PhD’s could hut espe-
«iaily hard at colleges and
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| wise go o U.S. cinzens. The council also

womed that foreign-bom teachers wath
poor English skills may be hurnng univers:-
ty educanon. The sitvanon 1s sumular though
not quite as dramauc in the narural scences.

The growng dependence on foreign-bom
students and workers makes people parucu-
larly nervous because if those workers decide
to go home, the United States could wind
up with some disastrous labor shortages.
“We have got to do a betier job of growing
our own,” says Kay Hanson, director of the
Consornum on Financing Higher Educa-
won, a Washungron, D.C.~based group of
32 research unuversities and liberal arts col-
leges. “My guess is that [foreign] students
whao in the last 20 years would have stayed
here may find it 15 equally rewarding o go
somewhere cise” because of improving eco-
nomic and politcal conditnons in the rest of
the world.

Buz if che United States 1s going to recruit
from its own ranks, it will want o look
ousside the group that has been the main
source of scientists and engineers so far:
whute maies. From 1985 chrough 2000,
only 15% of the net new entrants <o the
work force will be white males. The rest wall
be women, minorities, and immigrants. For
that rcason, many people have argued that
these are the people who should be recruired
into technical carcers. The tends wmoday,
however, suggest thac thag efforz will be an
uphill struggle at best.

Over the past 20 years, women have
increased cheir participation in science and
engineering dramagcally. They now cam
45% of the bachelors degrees and 30% of

the Ph.D.’s in those ar-
cas. But that progress
seems to have ground to
a halt.

“The percentage of
women eaming bache-

gg E".}iﬁﬁ ﬁgﬂls lors degrc;s in natural
iizen, HiSpanic  sciences and engineerin

US azen Asan L0 g o 1982 5
says Betty Verrer, execu:

uve director of the Wash-

US. citizen, White ingron, D.C.-based
Commission on Profes-

sionals in Science and

Technology. And the

percentage of women

Ph.D.’s has been ncarly

Non-US.ciizen. x Steady for the past few

temporary residant years. What happened,

| Non-U.S. citizen, Vetter explamns, was that

peimanent resident § the number of women

;

going to college rose dra-
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matically in the 1970s, which led to women
carmung more degrees in every area, but the
percentage of women choosing science as a
major changed licle Furthermore, most
women who go into science avoid the tradi-
nonally “masculine” fields. Females get only
8% of the Ph.D.’s in phywics, 14% in com-
puter sciences, and 15% in mathematical
sciences. Thev are far more likelv to go into
the lfe sciences (35% ot all Ph D.’s) or the
social sciences (half of all doctorates, includ-
ing 60% of all psychology Ph.D’s).

The reasons tor such choices mav be
social, culrural, financial—even genetic. But
whatever the underlving cause, the parten
doesn't seem likely to change soon. “I be-

lieve the reason lies in the socalization of

children almost from the day they are born,”
Vetter suggests. “I don’t see it changing
appreciably unnl we change society.” The
gender makeup of the class of 2000 will
prabably lcck much like the class of 1990.

There are ac least some bright spots in the
picture of women in the sciences, but this 1s
not true of underrepresented mnornitics—
blacks, Hispanics, and American Indians.
These groups have tailed to come into the
system in sizable numbers, and nothing
scems likely to happen in the 1990s to
increase the flow of underrepresented mu-
nontier into science much past the wmckle
that it is now (see box}.

The one success st Ty iMONE MINOTITES 15
the rise of Asian-Americans. If both US.
citizens and forcigners with permanent visas
are included, Asian-Americans account for
about 6% of all Ph.D.’s in the narural sai-
ences and 16% in engincening. Asians have
long been well represented in the 1.8, scien-
tfic work force, but they are to0 smail a
percentage of the total population to solve a
possible shortage by themselves.

So the queston of where the United
States will find the scientists and engineers
to take it into the 21st cennury doesn’t have a
simple answer. Yet surprisingly, representa-
aves of industry don’t seem too worried
about it. “If you smply ek at the demo-

aphiss, it looks peemty bad,” saye Lioyd
E..., direcwor of cesenssh and devalep-
mens personnel fer ATST Bell Labuca-
cories. “But the supply of scimce and eng-
nzerng Jtudents © really driven by staslons:’
views of job opportunities. If you cresse the
damand, you'l bave the supply.”

Robert Armswong, Du Pont’s manager of
professional staffing in Wilmington, Dela-
ware, descnbes a study that compared the
percentage of high school students going

into engwneering with the average starung | hike those in the 1980s. The main difference |
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A Lost Generation?

[’s been more than 20 years since the avil rights movement convinced this country
that black students had the same rights to 2 good educanion as whate students. And for
more than a decade, many colleges and universities have been aggressively recruiting
minority students and doing their best 10 keep them in school undil they graduated.
So vou would expecr that the number of minorities earning degrees in science and
engincening would be nising sharply, nght? Wrong—by a long sho.

The number of black males carming Ph.D.’s is acrually less now than 20 years ago.
And although the number of black women receiving doctorates has risen slowly, it has
not made up for the decline among the males. From 1979 to 1988, the total number
of blacks becoming Ph.D. scientists and engineers dropped 20%; they now eam only
1% of all doctoral degrees in narural sciences and engineenng despite making up 11%
of the working-age population. In certamn fields, it is next o impossible even to find a
black candidare to interview for a job opening. In 1988, for example, only one black
U.S. anzen eamed a Th.D. in mathemancs and only one in computer : Lences.

More Hispanics have gone into the hard sciences, but the numbers are nothing
crow about. They currently account for about 2% of all manmal science and
engineering Ph.D.’s, much lower than their 7% of the working-age population. On
the other hand, the number of Hispanics caming doctorates has been steadily
growing, parucularly among women, and should continue its slow increase.

The solution to ~hese problems won’e be casy, because the difficulties cleasdy don
begin in college or graduate school, but much earlier. The average score of black
students taking the Scholastic Aputude Test (SAT) in 1988, for example, was 200
points less than whites and Asians (on a range of from 400 to 1600 points). Hispanics
scored on the average 130 points less. In a 1986 test of mathematical proficiency, 17-
vear-olds were judged on whether thev could perform multistep problem-solving and
algebra. The small percentage of high school students who can do such analysis are the
ones most likely and most able to go into science and engineering in college. Among
the students cested, 7.6% of the white students performed at dhis level, while only
1.2% of Hispanics and 0.3% of blacks did.

Ironically, the few minority students capable of doing science or engincering at the
umversity level are highly sought after. Major universities recruit them aggressively,
then work to keep them in school wath various retention programs. Even small
schools are gemring into the at. In one innovative program, the Univenity of
Maryland-Baltimore County recruited 19 black males who had excelled in high
school and who had an interest in science, offering them cach 4 years ¢ Truition, room
and board, and books, as well as a personal compurer. In exchange, the 19 agreed to
get degrees in science or engineering and continue on to Ph.D.’s or M.D.’s. Vice
provost Freeman Hrabowski, who developed the program, says the idea was to push
the best students to excel and, in so doing, provide role models for other black males.

And after graduation, minorities find that both academia and industry come calling.
“The competition is very ferocious,” says Stanford provost James Rosse.

So the demand is there, but the supply is lagging. And increasing the supply of
minorities in science and engineering is likely o be a long, arduous process, says Betty
Vetter, executuve director of the Commuission on Professionals in Science and
Tedrnology. “We're losing a whole generation of children, and probably tho«
children too,” she says. a RP.

salarv of engineers. “The correlation 1s just

1s that there should be more of them. But

beauuful,” he savs—when salaries nise, more | that wall happen only if high school and

students go into the field. The percentage
can double 1n 5 to 6 vears, he found out.

be thar the scienusts and engineers coming
into the work force 1n the 1990s will be a lot

The upshot of all these numbers seems to |

college students figure out that it will be
worth their while to move out of business
majors and prelaw and premed and into
science and engineenng. So pass the word
Tell them vou heard it trom a crvstal ball
e Rosert PooL
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A W O R D

Theodore A. Bickart
t the Society of Automotive Engi-
neers Off-Highway and Power-
plant Congress and Exposition
in Milwaukee, Wisconsin, last Septem-
ber, | was one of four panelists asked
to discuss a topic of great personal
concern—the predicted shortage of
engineers in the 21st Century.
To ready myself for the discussion,
| prepared a paper which | titled,
“Human Resources in Engineering:
* The Real Need.” | would like to share
with you the salient points of my
presentation.

This is clearty an impossible task.
The only way to resolve this dilemma
is to educate the engineers we do
have to be more effective and
efficient.

We must also work to make certain
the engineers of tomorrow will be
educated in at least the same num-
bers as they are today. To maintain
our ranks, it is necessary to expand
:he educational opportunities for
fernales and underrepresented minorn-
ties in engineering.

2
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Let me share with you some actual
data. According to the Bulletins of the
Engineering Manpower Commission of
the American Association of Engineer-
ing Societies, the nation Is currently
producing about 68,750 BS degree,
26,500 MS degree and 5,000 PhD
degree engineers annualily.

Of these totals, the underrepre-
sented minorities—Alfrican Americans,
Native Americans and Hispanics—
constitute about seven percent of the
BS degree, 3.5 percent of the MS
degree and 1.5 percent of the PhD
degrees engineers produced annually.

The statistics on female engineers
are simifarly low: 15.25 percent BS,
13.5 percent MS and 8.75 percent
PhD degrees are conferred each year.

Just as women represent half the
population, the trend is such that
minorities, predominately underrepre-
sented minonties, will constitute about
half of those of college age early in
the next century. About 40 years from
now, they will comprise half the popu-
fation in the United States.

It seems to me the most effective
and efficient way to sustain, maybe
even increase the ranks of the profes-
sional engineer is to recruit more
female and underrepresented minority
students to the study of engineering
at each degree level and to retain
them to the completion of the degree.

When it comes to women, recruit-
ment is our biggest challenge. In
1986, for example, 15,000 women
began studying engineering. They
represented about 15.25 percent of
the nation's freshman engineering
class.

Four years later, about 10,500 had
completed their baccalaureate
degrees. Their retention rate was
high—70 percent. That is essentially
the retention rate for all engineering
students.

If engineering programs around the
country can maintain these com-
mendable retention rates while dra-
matically increasing the numbers of
WOmen recruited to engineenng study,
we will make significant strides in our
effort to meet the engineerng needs
of the next century.

T H E

Understanding the
Engineering Shortage

D E A N

Underrepresented minority students
present a different challenge. At pres-
ent, we are moderately successful at
recruiting freshman engineering stu-
dents from among the underrepre-
sented minorities. In 1986, 11,500
minonty students comprisea about
10.5 percent of the nation's freshman
engineerning class.

Four years later, however, only
about 4,250 or 6.25 percent of those
freshmen had compieted their bacca-
laureate degrees. That makes the
retention rate of these students
approximately 37 percent.

it is clear from these figures that
the retention of underrepresented
minority students—students who have
already shown an interest in and apti-
tude for engineering—is of paramount
importance.

While solutions can be summed up
into two words, recruitment and reten-
tion, the implementation of these solu-
tions is awesome and wide-ranging. it
invoives everything from the promaotion
of science, engineering and technol-
ogy scholarship in the country’s day
care centers and K through 12 grades
of school to the easing of costs i
required to pursue advanced degrees |
in engineering. |

It is generally important to the suc-
cess of recruitment and retention
efforts at the college level to have well
identified programs with professional
directors for our female and underrep-
resented minonty students. To these
students, there is a tangible commit-
ment to their success. The message
i simple: We want and axpect them
to succeed.

At the College of Engineering, we
have such programs. In subsequent
issues, | will define the facets and
goais of our Engneenng Equal Oppor-
tunity Program, one of the oldest
minonty assistance programs in the
Big Ten, and our women's assistance
program.

Self-interest as well as national
interest demands we take decisive
action to expand our diminishing
ranks with capable, qualified female
and underrepresented minority
engineers. ®

LEEE Spectewm, Fall 1995
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College Programs

his summer the College of

Ergneerng officially expanded

and strengthened its interna-
nonal academic outreach programs.

In August, Or. William C. Taylor,
professor and former chairman of the
Department of Civil and Environmental
Engineenng, signed a cooperative
agreement with General Syed S.
Hussain of the Military College of
Pakistan, in Risalpur, for the awarding
of master's degrees in cwil engineer-
ing to select Pakistani students.

At the same time, the Department
of Mechanical Engineering welcomed
home its first four Rockwell Interna-
tional Scholars. The scholars are
junior class members who participated
in the department’s nine-year-old
overseas study program in Aachen,
West Germany, and then traveled to
Frankfurt to compiete a pad intern-
ship at the Rockwell-Golde manufac-
turing plant. This is the first year
Rockweli In‘ernational has cffered
such an opportunity.

Both programs aim to prepare stu-
dents to compete effectively in a

Dr. William C. Taylor with General Syed S. H “ain

Span the Glo.e

world market through student and
faculty exchange, and collaborative
research. “'With these programs, we
are frying to create a new generation
of engineers. Engineers who possess
technical excellence as well as cultural
awareness and proficiency in a foreign
language,” says John J. McGrath,
professor and acting char of the
Department of Mechanical
Engineenng.

McGrath initiated the Aachen pro-
gram in 1981 and today plays an.
active role on its faculty advisory
committee. The program originally
involved sending ten to twenty under-
graduates each spring gquarter to
Aachen for 10 weeks of mechanical
engineering classes, field trips to vari-
ous German industries and super-
vised ressarch at the university,

In 1984, Gerran graduate student-
beyan traveling to MSU to conduct
engineenng research associated wit
their thesis work. Since the programr
founding, aimost 150 MSU undergre.
uates and nearly 60 German graduate

Continued on back page
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57% of U.S. Ma

tlg ch

torates Going to Foreigners

By MALCOLM W. BROWNE

Of the 933 doctorates in mathematics
awarded in the United States in the last
academic year, only 43 percent went to
American citizens, the lowest percent-
ageon record.

A survey published this month by the
American Mathematical Society said

s e by T

~ ,T 1.?--.1?‘-?_.'.‘- -

that from July 1, 1989, to June 30, 1990,
the number of Ph.D. degrees in mathe-
matics increased by 3 percent over the
preceding year, and by 15 percent over
the average of the last four years. But
only 401 of the recipients of doctoral de-
grees were United States citizens.

In recent years, foreign students
have won increasing shares of ad-
' vanced United States degrees in engi-
i neering, mathematics and several sci-
! ences. The latest survey suggests that
the trend is continuing.

The participation of blacks in ad-
! vanced mathematical training also ap-
| pears to be declining, the report said.
1 In the previous year, nine American

blacks received doctorates in mathe-
| matics, a slight increase, but in the
* period covered by the latest survey,
yonly four were awarded the degree.
The proportion of women awarded doc-
torates in mathematics also fell slight-
« ly, from 24 percent to 22 percent.
1 Dr. Edward A. Connors, a director ot
: the survey who is at the University of
Massachusetts at Amherst, said, “We
are disappointed that the increases in
awards to women and blacks reported
last year were not sustained."

The survey also indicated that when
new holders of doctorates take jobs in
teaching or research, they cannot ex-
pect quick wealth; median starting sal-
aries for new doctors of mathematics
are $32,000 for men and $32,500 for
i women.

Fewer women
and blacks get
diplomas in
advanced math.

Mathematics is a core subject on
which all sciences depend, and educa-
tors predict that the decline in doctoral
degrees awarded to Americans in
these subjects will jeopardize the na-
tion’'s economic prospects.

A year ago, the National Science
Foundation reported the results of a|
study concluding that by the year 20086,
the United States would face a short-
age of 675,000 scientists and engineers.

One of the problems, the foundation
reported, is demographic. White men
now make up 80 percent of the scien-
tific and engineering work force in this
country. But by the year 2010, white
men will account for less than cne-third
of the college-age population.

If greater proportions of women and
nonwhite men cannot be recruited for
advanced mathematical, scientific and
engineering programs, the lack of
trained professionals will severely hob- .
ble national technologies that sustain
economic health, the study concluded. |
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Study: ForeigJ students
get most math doctorates

New York Times News Service

Of the 933 doctorates in mathe-
matics awarded in the U.S. in the
last academic year, only 43 per-
cent went to American citizens,
the lowest percentage on record.

A survey published this month
by the American Mathematical
Society said that from July 1,
1989, to June 30, 1990, the num-
ber of Ph.D. degrees in mathe-
matics increased by 3 percent
over the preceding year, and by
15 percent over the average of the
last four years. But only 401 of
the recipients of doctoral degrees
were U.S. citizens.

In recent years, foreign students
have won increasing shares of ad-
vanced U.S. degrees in engineer-
ing, mathematics and several sci-

- ences. The latest survey suggests

that the trend is continuing.

The participation of blacks in
advanced mathematical training
also appears to be declining, the
report said. In the previous year,
nine American blacks received
doctorates in mathematics, a
slight increase, but in the period
covered by the latest survey, only
four were awarded the degree.
The proportion of women a
ed doctorates in mathematics also
fell slightly, from 24 percent to 22
percent. .

Dr. Edward Connors, a director
of the survey who is at the Uni-
versity of Massachusetts at
Ambherst, said, “We are disap-
pointed that the increases in

avsuids to women and blacks re-.
ported last year were not
sustained.”

The survey also indicated that
when new holders of doctorates
take jobs in teaching or research,
they cannot expect quick wealth; -
median starting salaries for new
doctors of mathematics are
$32,000 for men and $32,500 for
women. o

Mathematics is a core subject.on
which all sciences depend, and edu-
cators predict that the decline in
doctoral degrees awarded to Ameri-
cans in these subjects will jeopar-
dize the nation’s economic pros-

.

g

engineers.

One of the problems, the founda-
tion reported, is demographic.
White men now make up 80 per-
cent of the scientific and engineer-
ing work force in this country. But
by the year 2010, white men will
account for less than one-third of
the college-age population.

If greater proportions of women
and non-white men cannot be re-
cruited for advanced mathematical,
scientific and engineering pro-.
grams, the lack of trained profes-
sionals will severely hobble national

-technologies that sustain economic

health, the study concluded. _
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 SPECIAL REPORT: ENGINEERING CAREERS

'90s employment:
some bad news, but some good

The current job outlook differs radically with the country, with
economic conditions, with national policy, and with engineering field

Over the past year in the United States, nearly a quarter of a mil-
lion engineers and other employees in high-tech companies have
lost their jobs. An undetermined number were electrical engineers.

Hardest hit have been big computer and aerospace companies.
Widely publicized defense cutbacks are only part of the story.
In the general civilian economy, layofTs have resulted from com-
pany mergers and decreases in the market demand for certain
major electronic products (such as minicomputers)—not helped
by increasing energy costs resulting from fraq’s invasion of Kuwait
and the seizure of its oil fields. Moreover, by late this year, in many
circles discussants were bringing up the dreaded R-word: reces-
sion. And since late 1989, based on leading economic indicators,
the IEEE’s Engineering Manpower Commitiee has been pro-
jecting that the employment outlook for EEs will grow worse be-
fore it gets better, hitting bottom early next year.

Canada also seems to be suffering the beginning of a
recession—in part perhaps because its economy is strongly linked
1o that of the United States. [n Ontario alone during the first nine
months of this year, 132 companies have eliminated nearly 19 000
jobs, compared with 11 500 for all of last year.

Times are also somewhat tough even in the formidable newly
industrialized country Taiwan. Its heavy reliance on imported
crude oil from the Persian Gulf has hiked operating expenses,
while economice difficulties in the United States have decreased
demand for all electronic products. .

Meanwhile, some engineers in such nations as Britain, France,

Trudy E. Bell Senior Editor

32 0018-9235/90/1200-003231.00©1990 IEEE

Germany, and India seem never to have had it so good—~although
there are conflicting signals. With the high-tech plans for a uni.
fied European market after 1992, the unification of Germany re-
quiring the reconstruction of the industrial infrastructure of the
former East Germany, and the Indian Government’s encourage-
ment of computer and software industries in an effort to ready
its economy for the 21st century, many company leaders feel new
engineers are not being trained fast enough. For the short term,
these countries are even considering the importation of non-
national engineers (o fill the demand. But over the fong term,
some analysts predict that even France and Germany may face
2 slight rise in unemployment. As yet unclear are the effects and
ultimate significance of the recently announced layoffs of 7000
empioyees from the ltalian computer and office equipment gians
Ing. C. Olivetti & Co. S.p.A., 7500 workers from the French com-
puter manufacturer Groupe Bull, and up to 55 000 people by
Philips NV of the Netherlands.

Japan's economy is hovering between boom and bust. Al-
though some slowing of demand there for high-tech products is
pinching the revenues of major companies, company managers
so value the experience that comes only with lifelong employ-
ment that they are taking every measure possible to avoid laying
off engineers and other employees, even if in the short run cut-
backs might improve the ubiquitous bottom line.

Despite the overall grim picture with large companies in the
United States—particularly those dealing with hardware and
those in the Northeast—high-tech companies with fewer than
1000 employees are still growing, some very rapidly. Indeed, so
many of them are still creating jobs that, at least for now, they
seem to be somewhat mitigating the effects of the massive cuts
at their big-corporation counterparts.

Obviously, the global picture of trends in engineering employ-
ment is complex. To the best of anyone’s knowledge, what is the
current outlook for engineers and their jobs—both over the next
year and through the decade to 20007 What engineering indus-
tries are harder hit than others—and which are more robust? How
can engineers prepare career and job strategies for survival—for
both their companies and themselves?

This special report, the product of an JEEE Spectrum editor
and seven intermational correspondents, draws on both statistic:
and individual case studies to ascertain the level and implication:
of worldwide disruptions and opportunities.

1. Job security, soft in North America.
has strong spots in Europe and Asi:

How safe is your job? The answer scems to depend on wher
you are. Some countries view employees as expendable resource
to be cast aside when times are tough and acquired when econc
mies improve; others see them as a long-term capital investmer
1o be protected during the bad times in order to be ready wit
depth and expertise for the good times.

1EEE SPECTRUM DECEMBER V'
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nical people will increase,” said Philip A. Lapp, president of
Philip A. Lapp Associates, an engineering consulting firm in
Toronto, and president of Radarsat International, a US $400-mil-
lion project to build and launch a synthetic-aperture radar sat-
ellite and to market remote-sensing images.

This demand for engineers will increase “at the same time we
are secing decreased enrollment in cur engineering schools,™
elaborated George Lazano, a spokesman for the Canadian Coun-
<il of Professional Engineers in Ottawa. Lazano believes that this
could lead to a shortage of some 45 000 engineers by 2000,

Similarly, in Taiwan, in spite of immediate problems, most ex-
perts still forecast that over the next few years jobs in electro-optics
will surge. Firms are ramping up to commercialize e| §
technology recently developed by the state-sponsored Industrial
Technology Research Institute in Taipei. These technologies, in-
cluding laser printers, laser-driven facsimile machiines, and scan-
ners, should begin reaching the market early next year.

In the United States, the strongest prophecies of a shortfall
of natural science and engineering (NS&E) graduates since 1988
come from the National Science Foundation's Division of Poli-
<y Research snd Analysis. In & paper dated summer 1990, ihie
NSF predicts that, based on a “cumulative reduction in produc-
tion of NS&E bachelors degrees below the average annual num-

. ber graduated during 1984-86. . .the cumulative shortfall of
bachelors to the year 2006 would be about 675 000™ [Fig. 9].

“I don't have much use for shortage predictions,” remarked

Richard A. Ellis, director of manpower studies for the Ameri-

5. Eslimé{es-ni.delente‘re‘a‘.éd em;ﬁmyment by accupational
" group.tor- 1977, 1980, and 1965 |

COccupation Lo | 1977 || 1980-] 1985

Pracision production 114 134 191
Machine ssfisrs. operalors 188 194 269
Handworkers 148 174 243
Construction iraces 57 58 78
Transporiation opiraters 84 94 125
Helnare [7] [T] 128
Othars 5 | 8 110
Totai 1000 | 1000 | 100.0
ianagers 10.5 10.7 109
Professionals. tachnical 13.3 g ] 151
Markoting, sales 4.1 40 40
Administrative Supporn 17.0 70| 188
Services 8.0 8.8 9.0
Machanics, installers 4.7 4.8 4.0
Precision produstion 8.4 6.4 6.6
Maching galiers, operaisg 10.3 2.3 9.3
Handworkars 8.1 [X] 0.4
Conpiruction trotes 3.2 2.8 &y
Teanapostsiisn eparaers 5.3 4.5 4.9
Halre 8.1 4.8 4.4

4.2 4.0 3.8

Othors
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can Association of Engineering Societies (AAES) in Washing-
ton, DC. In the October 1990 issue of AAES's Engineering Man-
power Bulletin, Ellis questions how applicable the NSF
projections are {or engineers because of several of its assump-
tions: engineers are not separaied from natural scientists despite
the two professions having different demographics; no allowance
is made for changes in the economic outlook that could reduce
the demand for engineers; and the 1984-86 benchmark used to
judge the magnitude of the projected demand is an all-time histor-
ical peak, and thus may be biased on the high side over time.

“Regardless of the state of the economy, there are always going
to be surpiuses and shortages in certain fields,” said Daryl
Chubin, a senior analyst for the U.S. Congress’ Office of Tech-
nology Assessment, Washington, D.C. For example, he noted, de-
spite adrop in the U.S. college-age population, it is possible that
the supply of people trained in science and engineering will not
decline a1 allif older people return to school, if a larger fraction
of enisting students choose those fields, or if non-U.S. nationals
continue to represent 25-45 percent of scientific graduate stu-
dents. He cited a 1985 OTA report, Demographic Trends and the
Scientific and Engineering Work Force, which concluded: “Given
the problems with forecasting supply and demand for scientists
and engineers, predictions of shortages based on such forecasts
should be treated with considerable skepticism.™

4. Strategies for survival—helping
self and company

Clearly, for the next year or 50 in the United States and Canada,
employment opportunities for engineers will tighten. Long-term
prospects are not 50 clear—no one has yet invented an effective
crystal ball. Japan, Thiwan, and even Europe—with its booming
demand but also massive layoffs—have somewhat mixed short-
term prognoses. India seems to be a seller’s market.

So, what can you do to cushion yourself and your company
in a shrinking economy, and maximize chances for success?

Put not your trust in projections

First, neither an optimist nor a pessimist be about the future
demand for engineers—because whole new industries mighs
spring up. “At the beginning of the 1970s, with the acrospace
recession, things looked awful, but with the advent of the
microcomputer, the end of the 1970s booned in an unprecedented
way,” said the AAES Engineering Commission’s Eliis.

overoptimistic demand for engineers, warned the IEEE Manpow-
er Committee’s Rivers. “There is no such thing &3 a shoriage in
a free-market economy,” he asserted. “If a commeodity is in short
supply, prices get adjusted so supply is rationed out 1 people
who are willing to pay for it.” He urged job seekers to look be-
hind the simple numbers. For example, low salaries are one rea-
son that engincering jobs can go begging in the German public
sector and in Indis in spite of high unempioyment. If the demand
for engineers were as strong as companies and governments say,
he cautioned, salaries would rise
ey bty gt gy ot
o i as no agreed-upon way of “translating
layofls into unemployment,™ said IEEE Fellow Haddsd. Many
people with engineering backgrounds find satisfying work in
nonengineering carcers, such as finance or education, he noed.
The consensus of all was that young people contemplating an
enginecring carees should base their decision on persoaal prefer-
ences and job satisfaction, oot on numerical projections.

Think smail

if an engjinees is laid of f from a large company, he or she “might
consider working for 2 small to mid-sized company,” suggested
Corglech’s Parker. He sitributes the strength of companies em-
ploying fewer than 1000 employees to the fact that, with fewer
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Heading Off
a Ph.D. Shortage

Government and
universities miist
provide more

Unless prompt action is taken, a
sharply increased demand tor
“Ph.D.s in the United States will
outstrip a comparatively level
supply before the turn of the cen-
tusyelndustry. government, and
upiversitics will be pitied againsi
seach other in a battle tor this cri-
tical human resguges. and the en-
tLir@®®ation will pay the price—
diminished leadership and competitive strengih.

In the natural sciences and engineering. the nation
could face an average annual shortfall o 9.600 Ph.D.s
between 1995 and 2010. according 10 projections
made by Richard Atkinson (chancellor of the Univer-
Wiy of Calilornia. San Diego). based on recent
analyses by the National Science Foundation. He an-
ticipates shortlalls rising from about 3.000 in 1995 1o
approximately 14.000 in 2010.

Atkinson’s projections are the product of three
factors:

John C. Vaughn s director of federal refations and Robert M.
Rosenzw cig is prosidens of the Association of American Univer-
sities. Washingion, D.C.

66

support, and
establish reforms,
to ensure adequate
levels of intellectual
manpower.

* Increases in “replacement
demand” resulting from thciR
"documented aging of U8 my-
demic. industrial. and governmemt
‘scientists and engineers. z conse-
* quence in part of the surge in hiring
during the post-Sputnik period of
€rowth in American science:
« enroliment-driven incresses
in new lacully positions, a virtually
certain conscquence of the known increase in the
college-age population occurring in the latter part of
this decade:

* vand a4 percent grow th rate in the number of new
Ph.D.s hired by industry and govermment. retlecting
the assumption that at least modest increases in the
level of R&D will be necessary 1o maintain cconomic
growth and intemational competitiveness.

As Atkimson points oul. the iessening of tensions
with the Soviet Union and the opening up of Eastern
Europe will reduce the number of U.S. scientists and
enginecrs absorbed by detense R&D. It may even ease
recruiting of Sovict and Eastern European scientists
for positions in this countny. However. any reductions
in demand from these changes will likely be more than
ofiset by the competitive pressures exerted by the con-
solidation of the European Community. the continued

ISSUES INSUIENCE AND FECHNOLOGY



1173

PH D SHORTAGE

techaological ady srces by the countnies of the Pa-
cific Rim. and new proposais toexpand US. commit-
menis o address domestic and global eny ironmental
challenges.

Wilham Bowen (prestdent of the Andrew W,
Mellon Foundation and past president of Princeton
University ) and Julie Ann Sosa (4 recent Princeton
graduate) have conducted a thorough analysis of the
academic fubor market that noi eals contirms At-
kinson™s projections but shows thag taculty shortages
will occur in al! the arts and sciences. Their work is
hased on extensive documentation of facuitv-replace-
ment demand. enroliment trends. shifts in the pop-
uiarity of fields of study. and changes in student/tacul -
ty ratics.

These analyses are the most recent work on Ph.D.
supply and demand. but there is a considerable body of
supporting evidence trom other studies. And although
-projections on such a scale are necessanly imprecise.
the piausible margin ot error cannot begin to erase the
shortages that are anticipated under current irends.

If such shortages are allowed 1o oceur, the impact
will be telt not only in higher education but also in in-
dustry and government: More than 70 percent of en-
gineering Ph.D.~ and neariy 65 percent of physical
science Ph.D.s now scek employment in nonacademic
sectors. ahout three-tourths of them in industry and
the remainder primarily in government. Across all
fields. 50 perceni of Ph.D.s sech employment in non-
academic sectors,

Toward an optimal, sustainable supply
There are three ways toreduce the projected shortages:
intervene to increase supply. intervene to reduce
demand. or rely on the labor market to equilibrate
supply and demand.

Several mechanisms could be used to reduce
demand: capping the growth in R&D: increasing the
use of non-Ph.D. faculty. scientists. and engineers:
ncreasing student/faculty rintos: and restraiming ac-
<eas 1o higher education. But none of these mecha-
nisms is very appealing.

Reducing demand by limiting access to higher
education runs counter to a fundamental tenet of na-
tional higher education policy and would surely be
unacceptable. Some adjustment in student/faculty
ratios may be a feasible response for some colleges
and universities. but a substantial increase in these

WINTER ]

ratios would impair the quality ol education. a
price few would be wilhng to pay. Simular arcuments
apply 1o shifting to non-Ph.D. taculty. scientists,
and engineers.

And if the United States tails 1o sustain at least
maodest growth in R&D—and in the supply of Ph.D.s
required by that growth—the consequences for our
economic competitiveness are likely 1o be severe. Our
major economic competitors have been sicadily in-
creasing their investments in R&D. and there » every
reason to expeci that they will continue to do »o. Scal-
ing back R&D support also would have serious im-
phications for advances in such areas as health care and
national securnty.

Relying solely on market torces creates two
prohlems: The tull eftect of a market respense would
almost certainly occur too late: and there is no reason
to expect that a market adjustment alone would pro-
vide an optimal. sustainuble suppls. A substantial in-
crease in enrollment. in response to an increased
demand for Ph.D.s. would not occur much before the
appearance of that demand in the mid- to late 1990,
And because of the long time to degree. the resulting
Ph.D.« would not appear tor nearly a decade. Further-
more. current nonacademic market forces provide
strong disincentives for college graduates to pursue
doctoral programs. Precisely those graduates whose
talents anid accomplishments qualily them for doctoral
program- are the job candidates most highhy sought in
prevailing markets.

Muarket forces will undoubtedly continue to
dominate both demand and supply. That is appropriate
to the American setting. But we have tried relying on
the labor market as an unaided allocating mechanism
during the progressive disengagement of the federal
sovernment from doctoral support over the past 20
years (described below). and the result is a current
shornage oi Ph.D.s in several critical ftields and pro-
jected shortages in virtually all fields.

Because the growing demand for Ph.D.s 1
gencrated by the expansion of activities that benetit
the nation. the most positive course is to increase the
supply of people needed 1o carry out those activities.
Increasing supply does not carry the productivity costs
associated with reducing demand. and it can provide a
more timely and balanced response than relving on the
market alone.

Aet of relatively low-cost policies to increase

67
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suppls. 1t they are put in place
aow. can help us adapt to the ¢on-
Jditions that he ahead and avoud
the need for more expensive and
less effective crash programis when
the crinis 1> upon us. Three cate-
gores of actions can produce ef-
fective results

o Financial suppeort. properiy
pachaged. can increase both the
quantity and the quality of students
enrelling in doctoral programs.

o Expandine proven icentnes
for increased participation by stu-
dents from underrepresented groups
can increase the number of women and minorities
who eamn Ph.D s,

¢ Insntunional reform of university policies gov-
erning doctoral programs can reduce time to degree
and high attntion rates.

The ups and downs of federal investment
The past 30 vears have witnessed a period of massive
intusion of funds into doctoral education. followed by
an extended disinvestment. The results show both how
federal policy can produce desirable outcomes and
how mistakes in the magnitude and uming of that sup-
port can have undesirable consequences.

Large-scale federal support tor graduare study
began with the passage ol the National Defense
Education Act (NDEA) in 1958—a reaction to Sput-
nik and tc the anticipated need for additional coliege
faculty to teach the baby boomers. Additonal fellow-
ship and traineeship programs were established by
NIH. NSFE. NASA. and other tederal agencies. (Fel-
tow ships are grants aw arded directly to students by the
granting agency: tramceeships are block grants
awarded to insttutions or departments. who use the
funds to provide support to students they select.) Com-
bined with support through research assistantships.
the number of federally funded graduate-student ~t-
pends increased trom 1.600 in 1954 to approximately
80.000 in 1969

Over this period. the percentage of graduate stu-
dents 1n science and engineering receiving federal
fellowships and traineeships increased from 134 per-
cent to 56 percent. The growth in federal support was
accompanied by rapid growth in the number of Ph.D.s

48

This is not the best
time to call for
increased federal
investments, but
support for doctoral
education is a federal
responsibility.

produced —trom just under 10.000
in 19641 1o over 26.000 10 969

This peniod ot growth was fol-
lowed by a precipitous decline in
federal programs prompted n pan
by an vverproduction of Ph.D.s at
the ime_ Between 1970 and 1975,
tederal tunding for fellow ships and
trainee~hips dropped from $430
million to S201 milhon tin constant
dollarsy. and the dechne continued
into the 1980s. In the sciences, it
was partially offset by an increase
in research assistantships. from
21,400 in 1973 10 36.600 in 1988.
but the humanities and social sciences fared compara-
tively poorly throughout the penod of growth as well
as during the dechne: Little support outside the NDEA
fellowship program was available to these disciplines
dunng the growth penod. and they lacked the buffer of
research assistantships dunng the decline.

Suppont for doctoral students through the Gl Bill
ha~ largely disappeared as well. Following its incep-
uon in 1966. the Veterans” Educational Assistance pro-
gram helped support the graduate study of nearly
750.000 students who served in armed forces between
1955 and 1976. Its demise was a major loss. aggravat-
ing the elimination or reduction of other tellowship
and traineeship prograrns. In addition. the Tax Reform
Act of 1986 made stipends taxable. thus dimimishing
the effective levels ot support provided through re-
Maining programs.

In the past several vears. the federal government
has established new fellowship and traineeship pro-
grams in the Departments of Education. Defense. and
Agriculture. NSF has embarked on a five-vear dou-
bling of its highlv regarded graduate fellowship pro-
gram. Despite these recent imtiatives. however. fed-
eral support for doctoral education remains well below
the level of support provided 20 vears ago. In FY
19%8Y. the federal government spent about S215 mul-
lion to support approximately 13.000 new and con-
tinuing graduate students through fellowships and
traineeships. Including an estimated 37.000 research
assistantships. federally funded stipends totaled
50.000, about 60 percent of the peak number of 80.000
stipends funded ir 1969.

The federal government play s an important role in

1S5 ES INSCIENCE AND TECHANOLOGY
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mrahny loan capnet avabable tor graduate study

Federaihy subadized toan programs can provide an 2t
tective source of Bnancial assistance to augment
priman sources of grant support. Howeser. depend-
ence on toans i generally consdered mappropriate tor
doctoral students. who are prepanng torcareers that all
oo Stten provide oniy muodest imcomes.

At present. nearly halt oi the inancial support for
doctoral study comes from students, spouses, loans,
and tanmuly contntbutions. That Fracthon s o high —
the dechine in the number of US. aiizens carming
Ph.D .~ demonstrates that many indivadusds are unable
orunwihing tocarry ~omuch of the financiai burden ot
completing a doctorate. Although students and therr
tamilies should tinance thewrindereraduate cducation
o the extent that thes are able, s not wise nationad
policy to eapedt the best college graduates o torego
rexular employment and to finance advanced educa-
non as well Partwcutarhy inscience and engimeening.
such a policy encourages college graduates 1o turn
way from docroral studys and toward the other oplions
avadable to them

Any sigmticant morease 1 support for doctoral
education must come from the federal government.
Corporate patrons are unhkely to make larger invest-
ments indoctoral education when the returm on invest-
mentivany specilic corporation s necessartly indirect
and uncertam. Similarly, state governments are ua-
Hihely to increase thewr investments. because the
benetits of doctoral education are pnmaniy nationalin
scope. Foundations are reluctant to provide som-
prehensive. long-term support. which s incompatible
with their issue-specific operation. And although
universities have tned 1o fill the growing gap—they
now provide the largest share ot itnancial assistance
other than that prov ided by doctoral students and their
tumulies—unierstties have few addittonal resources
they can bring to bear on the problem.

Tiin~ s not the best time to call for increased ted-
eral invesiments, but support for doctoral education is
an appropriate tederal responsibility because it sup-
plies a national resource: the country s teachers, schol-
ars, scientists, and enginecrs.

A complete federal strategy

The doctoral education enterprise grew too large too
fast in the 1960s and early 1970s. Excessive growth
produced a crowded job market. particularly in the
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humanities and soctal seiences. where the market was
farzely contined to the academie sector. In response.
however. the tederal government overrcacted by dis-
manthng wholesale the programs that had contributed
to the surge in Ph.D. preduction.

The federal government’s withdrawal of support
needs to be reversed. with the projected Ph.D.
shonages giving federal reinvestment added urgency.
But it would be a mistake to try to scale federal suppon
precisedy 1o the dimensions of the expected shortages:
Demographic and market projections, as weli as the
manpower programs designed to respond to them. are
inherently imprecise. In any event, it is not the federal
goremment’s role to ensure that every Ph.D.-level job
has 2 Ph.D. ready to il it. Rather. we believe that it is
the responsibihity of the federal government, as a pru-
dent investor in a social enterprise of enormous value,
to help enough of the most able students to pursue
Ph.D.s in order to ensure that the enterprise does not
deteniorate for lack of adequate talent. What is needed.
therefore. is a federai investment strategy that helps to
reduce the impending shortages and evelves into a
balanced. ~ustainable patiern of support.

Federal policy should be designed to encourage a
steady infusion of able students into doctoral programs
in all disciphines. although there may be an added em-
phasis an certain strategic areas. For example. both the
Conyress and the adnunistranon see 4 greater national
inferest in the natural sciences and engineering than in
the humanities and social sciences. Federal policy can
be expected to continue to emphasize support in these
areuas as it does now tabout 75 percent of federally
tunded fetlow ships and traineeships are inthe sciences
and engineering .

Federal agencies that have a direct stake in
graduate education should mantain strong fellowship
or trainceship programs appropriate to their missions. |
Comparative studics show that students aided by wish
programs finish their degrees mose quishly, and ae
more likelv to receive additional research-grant sup-
port. than other students of comparable ability. Stu-
dents supported on teaching assistantships have longer
times to degree. and students supported by loans and
personal income have the longest imes to degree
of all.

Most federal agencies with a clear interest in doc-
toral education already administer some form of fel-
lowship or traineeship program. Thus. the basic struc-
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ture of an ettective matriv ot pro-
arams s already i place: in tact,
it necds only two additions tor
completeness:

Doubile thie number of felfow-
shups and rrarmeeships. The 13,000
new and continuing fellowships
and traineeships currently funded
by the tederal government should
be doubled 10 26 (XX). Doubling the
number admittedly sounds ar-
bitrary. but it 1s a realistic. achiev-
able goal that. combined with addi-
tional adjustment mechanisms
texplained below), could significantly reduce the
projected shortages.

Increase the level of francial support provided by
Setlowshup und rameeship programs. To provide ef-
tective incentives, stipends must offer an adequate
living allowance. Subsistence levels—some stipends
are as low as $7.000 per vear—are not enough. Given
the career alternatives available to science and en-
gineering students. annual stipends in these disciplines
should be in the range of $14.000 1o $16.000. Fellow -
ship and traineeship programs should also cover a

reasonable portion of the actual institutional costs of

education. either through payment of tuition and fees
or through an institutional allowance that increases
with the costs of education. An annual institutional al-
fowance of SE.00010 S10.000. though well below any
estimate of the cost of graduate education in science
and engineening tields. would at least cover a substan-
tial fraction.

The costs of these changes in federal support
would not be minor. If new fellowships and train-
eoships average S26.000 annually (supends of
S 6000 and cont-ol-educanon allowances of S 10000,
taking the upper bmit of the suggested ranges to ac-
count tor intlationy. then 13.000 new and continumg
awards would cost S338 mullion at steady state. And it
13.000 existing supends should be increased by
S3.0G0 and institutional allowances by S2.000 (as very
rough estimates of the average increases necessary O
bring existing support levels up 1o those proposed
aboyve). the aggregate cost would be another $65
million.

The toral cost of $403 million per vear is a large
expenditure. in an absolute sense. and certainly under
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Federal agencies
should maintain
strong fellowship or
traineeship programs
appropriate to
their missions.

current budgetary conditions. But
viewed as an mvesunentin the
people needed 1o conduct our na-
tonal R&D. 1t s a mimuscule ex-
penditure, less than three-tenths ot
one percent of the estimated $150
billion the United States will spend
on R&D in FY 1990,

Agencies supporting univer-
sity research should also support at
least one gruduate-student rescarch
assistant tor each grant ininated by
an indiv idual investigator. Such in-
clusion not only provides effective
apprenticeship tranning. but also enhances the quality
of the research by tapping the graduate students” crea-
tive energy and fresh perspectives.

More minorities and women

Tomeet the grow ing demand for Ph.D.s.avmuch larger
proportion of minorities and women must be attracted
imto doctoral education. Several private foundations
have focused on this problem. and universities are ag-
gressively pursuing new and expanded recruitment
and retention programs. These efforts are producing
results: Atone university. sustained faculty involve-
ment has produced in one A car a doubling of minority
doctoral students admitted: at another institution. a
systematic retention program has produced an 87 per-
cent completion rate for minonts doctoral students.

These institutional programs are expensive. They
require added faculty time for individual monitoring
and advising. and additional courses and seminars
tailored to individual needs. Federal matching grants
for recruitment and retention programs—both to
develop new inittatives and to rephicate successful
ones—would allow universities o expand these ef-
torts significantly.

The federal govemment can also help by provid-
ing predictable. multivear graduate support and by
tunding “early -identification” programs (which award
research internships to talented minority under-
graduate and high school students 1. The Department of
Education. NSF. NIH. and NASA are among the
tfederal agencies with strong minority fellowship
programs: NIH and the Departiment of Education
administer highly effective carlv-identification
programs for minority undergraduates.

ISSUBS INSCIRNCE WD THCHNOLOGY
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Federal agencies should also collaborate with
universities to increase the number of minority
graduate students supported as research assistants. Too
often, minorities are not drawn into the informal net-
works of faculty and students that are so important to
success indoctoral programs. By remaining isolated in
coursework, they fail to begin the involvement in re-
search necessary to complete their dissertations. In
such circumstances. research assistantships may be
one of the best ways of drawing minority students into
contact with colleagues in research settings.

As a new, government-wide initiative, each fed-
eral agency that funds research should provide sup-
plemental funding to faculty investigators who suc-
cessfully recruit minority research assistants. These
programs should be administratively independent of
the primary project grant application and funding
process. permitting faculty to bring minority research
assistants into their research programs quickly and
simply when the opportunity arises.

Women have made significant progress in terms of
financial support and degrees received. but they are
still underrepresented in most disciplines. particularly
the physical sciences and engineering. NSF has begun
a new predoctoral fellowship program to provide in-
creased incentives for women to continue their en-
gineering education at the graduate level. Other agen-
cies that fund research in fields in which women are
underrepresented also should provide such incentives
for women to eam Ph.D.s.

Undergraduate research intemships should be par-
ticularly effective in increasing the pool of women
prepared for doctoral study in science and engineering.
Successful undergraduate research experiences could
help replace present attitudinal barriers with the inter-
est and confidence to continue work in these fields.

Institutional reform
Increased tederal support of doctoral education. al-
though necessary. is not sufficient: there is much that
graduate schools must do for themselves. The persist-
ent undemrepresentation of women and minorities, and
indeed much of the decline in the number of U S. stu-
dents enrolling in doctoral programs. can be traced to
what 1s taking place—or failing to take place—on
campus.

For example. it is taking progressively longer to
eamn a Ph.D.: the median time required to complete the

WINTER 199y

degree increased from 5.3 years in 1968 10 6.9 vears in

1988. Attrition has also increased: Comprehensive
data are not available. but most estimates place it at
about 50 percent. and it may be as high as 80 percent in
some fields of the humanities, There is ample evidence
that lax practices and unenforced policies within
universities contribute (o such high attrition and
prolonged times to degree.

In October 1990, the Association of American
Universities (AAU) and the Association of Graduate
Schools (AGS). comprisine the graduate deans of
AAU’s 58 member institutions. endorsed a policy
statement recommending institutional policies that
will improve the efficiency and effectiveness of doc-
toral programs. Among their recommendations are the
following:

Graduate-student teaching. Its primary purpose
should be to prepare effective teachers. and it can be
accomplished by a progression of teaching experien-
ces—a modest number of them—accompanied by in-
struction in teaching methods and assessments of
teaching performance. But things have gone too far:
Graduate students are teaching more undergraduates,
for more hours. and in more courses. In fact. teaching
has become one of the principal contributors to
lengthening time to degree. Too many graduate stu-
dents become caught in a financial vise: Teaching is
their only means of support, and their depantments
have economic and other incentives to make generous
use of them as teachers.

Rescarch assistants. Although graduate students
are a key component in the academic researchenviron-
ment, the principal purpose for the performance of
graduate-student research is pedagogical: Thev need
to learn how to perform research. demonstrate that
ability in their dissertations. and then move on. Stu-
dents should not be kept on for the benetit of a faculty
investigator’s project. or to generate more publica-
tions. or to learn yet another new research technique.
Students are almost always better off expanding their
research expertise as salaried Ph.D.s than as underpaid
graduate apprentices.

Faculty advising. Advice and support from men-
tors are among the most important factors in deter-
mining the success of students’ doctoral education.
Faculty advisors must assist students in choosing
coursework that meets their needs and interests
without unnecessanly extending their programs. They
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should also encourage students to BT 2.600 new Ph.D.s would enter the
move on to seminars and labora- 5 market around 1998. Atkinson
tory work that will lead to dissenta- Lax pra(.'ttces and projects a shortfall that year of

tion topics. and to define disserta-
tion topies that are realistic in
scope. Good advisors already do
these things: 10 make sure that they
happen more routinely. depart-

unenforced policies
within universities
contribute to

about 7.000 science and engineer-
ing Ph.D.s for all markets—higher
education, industry. and govern-
ment. For the 5-year period 1997-
2002. Bowen and Sosa project a

ments should establish explicit re- h[gh attrition and shortage of just under 5,500

quirements for all faculty advising, . . faculty in the humanities and social

Truth in advertising. Depart- P! 010’ ?ged times sciences—approximately 1.000

ments should have written. well- to degrge_ faculty per year. Adding this to
L.

publicized standards tor expected
student performance. To bring ac-
tual pertormance into accord with
expectations, graduate students” work should be tor-
mally evaluated and the results shared with the stu-
dents and their faculty advisors. who should respond
appropriately.

Departments with well-structured graduate
programs. including clear expectations of graduate-
student performance and faculty responsibilities. have
lower attrition rates and shorter completion times than
departments whose programs lack these attributes.
The AAU/AGS report ofters specific suggestions for
how to establish and maintain such programs. We hope
that presidents, chancellors. graduate deans. and other
administrators will work with departments and faculty
on each campus to implement those recommendations
in ways appropriate to their specific institutional
setrngs.

Meeting the needs of the nation
What impact will these recommendations have on the
projected shortages? Because of the interplay of
numerous variables, none of which can be quantified
with accuracy. 1t is obviously impossible to give a
precise answer. Nonetheless. some illustrative ap-
proximations can be offered:

On the supply side. we can estimate the impact of
a doubling of tellowships and traineeships. Assume
this is accomplished by a program of 13.0(0) new and
continuing four-vear awards. with 3.250 new awards
being funded each year. Assuming turther that 80 per-
cent of the recipients earn their Ph.D.s—roughly the
experience of the NSF fellowship program—then the
supply of Ph.D.s will increase by 2.600 per year.

It such a program were begun in 1992, most of the

Atkinson’s projection produces an

estimated shortage of 8.000

Ph.D.s in 1998 for all disciplines
and all markets.

Doubling the number of federally funded fellow-
ships and traineeships would thus eliminate about a
third of the projected shortages. That may seem like an
insutficient response. but a number of additional ad-
Justment mechanisms would also come into play: ex-
panded support through research assistantships. new
initiatives for women and minorities. changes in in-
stitutional policies to reduce attrition and time to de-
gree. and perhaps some adjustments in demand as
well. Market forces will supplement these mech-
anisms to help balance supply and demand.

The history of federal suppon for doctoral educa-
tion demonstrates that the government can quickly and
effectively increase the quantity and quality of doc-
torate recipients. And we do not have to start from
scratch in order 1o avert the presently anticipated
shortfall: The components of the necessary policy are
largely 1n place. Strengthening existing programs and
filling gaps in support can provide the incentives to in-
creise the number of talented students—with special
attention to minonties and women—enrolling in doc-
toral programs. Meanwhile. universities themselves
must move aggressively to strengthen their policies
supporting doctoral education. In this way. the United
States can substantially reduce the projected Ph.D.
shortages. thereby helping to meet the human-
resource needs. and the well-being. of the nation.

Recommended reading
Richard C. Atkinson, "Supply and Demand for
Scientists and Engineers: A National Crisis in
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Teacher preparation is also an issue. The
American Association for the Advancement of
Science concluded that few clementary school
teachers have adequate preparation in science
and mathematics before they begin to teach these
subjects. Leading professional associations of
mathematics and science educators have
established standards for coursework preparation
for teachers. By their estimates, only the
following percentages of teachers meet these
standards:

33% of elementary school teachers (science)
18% of elementary school teachers (math)

22% of middle school teachers (science)
14% of middle school teachers (math)

29% of high school teachers (biology)
31% of high school teachers (chemistry)
12% of high school teachers (physics)

This problem is compounded by the fact that too
often, teachers are required to teach out of their
fields and work with outdated or inadequate
instructional materials in science and
mathematics. Because teachers have little contact
with the practicing scientific community, they are
frequently unable to tie real-life applications to
the basic scientific concepts they must teach. If
we are going to improve student performance by
the year 2000, we must significantly improve
mathematics and science instruction well before
the end of the decade. By bringing them closer to
cutting-edge science, innovative curriculum and
materials, Federal agencies can help prepare
teachers so that they can communicate the
excitement of science to their students.

Workforce/Scientific Competitiveness

A Nation at Risk and the many education reports
that followed also warned that without a growth
in student interest and ability in science and
technology, America’s world marketplace
competitiveness in these fields would be in
jeopardy. At similar risk would be the premier
position of America in scientific research and
development. As large numbers of those who
entered the scientific workforce after World
War 11 begin to retire, insufficient numbers of
students are moving through the science pipeline
to take their places.

Figure 1
The Science Pipeline
Pool of Potential Scientists and Engineers Among U.S. Students
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If trends in American education continue on
their present course, studies indicate that this
country will not be able to produce enough scien-
tists and engineers to meet its workforce needs.
As Figure 1 illustrates, by the time children are in
the seventh grade, fully half declare no interest in
science. At the other end of the science pipeline,
only six of every 4,000 seventh graders (five men
and one woman) will ultimately receive a Ph.D.
in science or engineering.
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Figure 2
Engineering NPegrees, 1966-1989
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Figure 2 indicates a recent four-year decline in
engineering bachelor’s degree recipients, which is
expected to be reflected at the master’s level in
the near future. Figure 2 also shows the low level
of participation by women in these degree
programs. In addition, the number of entering
freshmen planning to major in engineering has
dropped by 25% since 1982.

A a resuit of these and other factors, America’s
once-impressive lead in science and engineering
personnel may begin to falter. Japan, for
example, has doubled its technical workforce in
the last two decades and, with half the population
size of the United States, trains almost as many
engineers as we do each year. Federal resources
can help build a stronger technical workforce and
maintain American inventiveness and discovery.

Underrepresented Groups

The problem of keeping students in the science
pipeline is even greater for women, persons with
disabilities and minorities underrepresented in
science and technology, who, with foreign
nationals, will comprise 85% of the net new
entrants into the American workforce between
now and the year 2000 (Figure 3). These
individuals, who trac .ionally have not been part
of the technical workforce, will be called upon to
replace the decreasing percentage of white males
szeking engineering and technical jobs. Today,
only 8% of bachelor’s degrees in science and
engineering are awarded to blacks and Hispanics
(20.2% of the total population combined);
together, these minorities currently earn only 4%
of all science and engineering Ph.D.s. At the turn
of the century, minority students will account for
more than 40% of our elementary and secondary
school population. The Nation must take steps to
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Why Keep Science Healthy?

“wmmhdnuaﬂddaisnmmﬂtmﬁmhgt?ﬁivmdmlowmkiupmhlﬂn
for the science community, why should the rest of the nation care? Scientists are, after all, a
privileged class far better off than many in our saciety, and besides, there are already more crises
around today than our overloaded national consciousness can handle.

The answer is, of course, that science pays. It is impossible to imagine modern society without
the fruits of 400 years of scientific research. An extensive literature documents the returns to the
economy generated by expenditures on science and technology. One has only to examine the in-
gredients of our GNP to see that a large fraction is derived from the results of the scientific re-
search of the past 60 years or 0.

Economists have estimated that for every dollar spent on the Apollo program in the 1960s,
seven dollars of economic activity was generated in the American economy. More recently, econ-
omist Edwin Mansfield of the University of Pennsylvania studied the rate of return on invest-
ments in academic research. His work covered 76 major firms in seven industries: information
processing, drugs, metals, electricity, chemicals, instruments, and oil. His assumptions are con-
servative but his result is startling: the annual social rate of return on investments in academic
research is no less than 28 percent.

The tasks which are faced by American science and technology today are crucial as never be-
fore to the well being of our nation. They include:

@ providing the basis for new industry to enhance the quality of life of our cit-
izens, while extending those benefits to regions and groups that have not yet
shared in them;

inmptwungdngmmlhahhufthcpnpuhtmwhnkmmngdnmof
medical care;

luﬁmﬂmgdgmphummmmndmgewhgldmdmwm
mental issues and providing guidance to policymakers in these aress;

@ developing alternate sources of energy and substitutes for scarce natural re-
sources; and

@ enhancing our culture by expanding our understanding of the universe and
humanity’ place in it.

To carry out these daunting tasks in an ever more competitive world, we will need more xci-
entists and engineers. Yet demographic projections—such as those cited by Richard Atkinson in
his 1990 Presidential Address to the AAAS—tell us that we are falling short of producing the
required number of Ph.D. scientists and engineers by sbout 10,000 each year. Huge deficits in
the number of technically trained personnei (estimated by some at up to 700,000) are expected
in the first decade of the 21t century.

1 am aware thet such projections have large uncertainties, but I should also point out that they
may be underestimated because they fail to take account of the new demands that will be placed
on science and technology by environmental problems, energy and natural resources, and the
neods of developing nations. Given that graduste education depends 3o strongly on research
funding, the finding that faculty members are cutting back on the number of students they train
means that the cusrent funding situstion can only exacerbste future problems in human resources
for science and technology

3 SReEy
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rOnl y five percent of adults say they understand basic scientific concepts or
issues of science policy, more than 70 % want curbs on scientific activities,
and only half of our 17-year-olds believe science is even useful. We must

reverse thesetrendsifthe U.S. isto compete successfullyinthe years ahea‘d._’

by H. Eugene McBrayer

HE state of science education is a crit-

ical issue for the future of our na-
tion. Can our education system prepare
young people for productive technological
careers? Can it continue to produce the
high-caliber scientists and engineers need-
ed 10 maintain strong competitive per-
formance” More broadly, can it help the
American people understand the challeng-
es in science and build a consensus for
needed public policies?

Simply asking these questions reveals
doubits, but there aiso is hope, and we nev-
er should forget that. For example, in
March, 1989, a morning TV program fea-
tured three high school science students
who had won Westinghouse scholarships—a
young minority woman interested in social
sciences, a mathematician, and one who
did an animal study on the distribution of
nerves.

What impressed me even more than
their brainpower was their shared sense of
the enjoyment of science. To them, it's
fun, and they're right. Science is stimulat-
ing. To question, investigate, discover, ap-

Mr. McBrayer is president, Exxon Chem-
ical Company, Darien, Conn.
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ply what you discover, and contribute is
the spirit of science. It's what education is
all about.

Our challenge is how to communicate
the excitement and the stimulation of sci-
ence. Of course, 1 am particularly interest-
ed in encouraging young people to study
chemistry and chemical engineering. We
must help them finance their education
and teach them how to enrich their job ex-
periences so they can build on their school-
ing and mature into responsible citizens
and members of the science community.

Industry alone can'’t solve the nation’s
education dilemrma or the social and eco-
nomic problems behind it. These need to
be solved by government at every level,
business of every kind, the education pro-
fession itself, and by all of us, individually
and collectively. This list also includes con-
sumers, who need to be better educated
and informed. Nonetheless, the chemical
industry and those in it have a necessary
part to play, and we can and must be more
effective.

Before we can hope to interest young
people in our profession, we have to admit
that our credibility isn’t what it should be.
Places like Love Canal, Times Beach, and
Bhopal have become associated with great
human suffering caused by man-made chemn-
icals. Combined with issues like hazardous

waste, toxic air emissions, and global
warming, they've eroded the chemical in-
dustry’s standing around the world.

Today, everybody is dealing with the
fruits of our technological success, includ-
ing chemicals. Since World War 1, science
and technology have produced enormous
benefits. To the public, however, these
benefits have been accompanied by new
and unprecedented hazards. This has
changed public expectations of chemical
companies. My industry is very good at
what it does, but it has to get better—fast
and publicly.

If the chemical industry has been win-
ning the technological war, we've also
been losing some very important battles
for the public’s understanding and good
will. Individual companies and industry
associations continually have put forth
reasoned responses to the accusations
made against us, but reasoned responses
don’t make good TV sound bites. Our
communications efforts haven't met with
much success, but we'll keep trying. The
public needs to hear our side. More
importantly, people need to see that we
mean business. It's what we do—and how
the public perceives what we do—that
counts.

If the chemical industry’s reputation is
low, the entire educatign system in this




country is even worse off. John Silber.
president of Boston University, provides a
good exampie of how things have changed
over the vears. He tells us that, more than
100 years ago, the U.S. had a system of
elementary and secondary schools that
were **far more serious in intent and sug-
cessful in execution than almost any pres-
ent-day American school.” He notes that
even small-town high schools in the 1850°s
required several years each of chemistry,
algebra, English. university arithmetic,
physiology. Latin and other foreign lan-
guages. philosophy, rhetoric, history. ge-
ometry, geography. elements of criticism,
and botany. Reading and spelling were re-
quired daily, declamation and composi-
tion frequently. Between times, man: chil-
dren had to milk the cows and bale the
hay. Moreover, vou usually could find
them in Sunday school each week.

Contrast that with so many of our urban
schools today. The students have 10 run
the gauntlet of drug pushers and rip-off
artists to get to class. As one inner-City
mother expressed it in 2 magazine ariicle,
**Before vou try te fix any problems the
kids are having n the classroom, vou'd
better realize that . . their greatest chal-
lenges begin both before and after they
leave school.”™”

Political and economic problems. com-
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Kavin Haeller, Haif Hollow Hills High School Wast,
N.Y., and S. Celests Posey, North
and Mathemnati

LAy . &
Hills,
Carolina School of Science

ics, Durham, two 1689 Westinghouse

bined with deteriorating social and educa-
tional standards, are leaving us with very
serious consequences. For example:

® One out of every four teenagers drops
out of high school. Of those who do grad-
uate, 25% have the equivalent of only an
eighth-grade education. Put those two sta-
tistics together and we've just accounted
for one-half of the high school-age youths
in this country today.

® More than 20,000,000 adults are func-
tionally illiterate. This means that nearly
one-fourth of the American labor force
lacks the reading, writing, and math skills
1o hold a decent job.

® About 25% of the children under age
six live in poverty. For society and our-
selves as individuals, that's tragic.

Shortages ahead

Long-range predictions are always
chancy. Nevertheless, evidence is piling up
that we could be facing a serious shortage
of scientists 1n the decades aheag, RINERP

. et an g ! T

[ ]
Where will the educated people with sci-

ence backgrounds come from in the vears
ahead? Here, to00, the statistics are not en-

Sclence
Talent Search winners, demonstrated that American high
schools can produce high-caliber science students.

couraging, particularly for the chemical in-
dustry. For instance, a study conducted by
Jon Miller of Northern Illinois University
showed that only five percent of adults say
they understand basic scientific concepts
or issues of science palicy, more than 70%
want curbs on scientific activities, and only
half of our 17-year-olds believe science is
even useful. In the face of these percep-
tions, how will voters be able to make in-
formed judgments about the growing
number of issues that science must help
solve, including waste disposal, air and
water cleanup, public health, and even
safe use of household chemical products?

Over the long term, there are other con-
sequences. The inability to understand
fundamental scientific concepts, seec the
value of science in their lives, and under-
stand science policy options are turning
young people away from science and engi-
neenng.

Fortunately, the very seriousness of
these problems is attracting some long-
overdue attention to the secondary
schools. Without students who possess a
solid educationa! underpinning, colleges
inevitably must lower their standards 1o
accommodate the youth they get. We can
not tolerate such a national calamity.

A consensus finally is emerging about
education reform. Schooling must be im-

A/
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EDUCATION

proved significantly. Math and science es-
pecially need to be upgraded. A primary
objective is 1o create 2 pool of qualified
scientists and engineers for the future. We
also must have a more knowledgeable pub-
lic that consumes science and technology
and more informed and understanding
government leaders.

It is not too early for this consensus. We
must hope it is not too late. Today, the
best of our scientific elite is being rivaled
by Europe and several Pacific Rim na-
tions, especially Japan. Even more telling,
the average scientific education of our
workforce, including the rtechnological
sector, also is equalied by these nations. in
short, we are losing our edge. This pre-
sents a competitive challenge that we must
take into account now, because we certain-
ly will face it in the future.

The consensus for education reform has
been building for several years. State gov-
ernments, which have the primary respon-
sibility for education, have taken the lead-
ership bit between their teeth. In addition,
Washington is moving toward a more ac-
tive role. George Bush's desire to be
known as the ‘*Education President’ re-
flects this new concern.

Local, state, and national government
must get out in front with real leadership,
but they can't do it all, any more than bus-
iness or the chemical industry can. What's
needed is an active partnership among
government, industry, educators, and
communities. It would help very much if
the slower elzments of this partnership
were encouraged actively—that is to say,
prodded—by a populace newly awakened
to the dimensions of the education prob-
lem. This is where business—every com-
pany, including those in my own indus-
try—comes in.

Because the safe manufacture, distribu-
tion, use, and disposal of chemicals are so
important, my industry is setting new
standards in effective responses to these is-
sues. Under the leadership of the Chemical
Manufacturers Association (CMA), a
number of seif-regulating programs are
now in place that require chemical com-
panies to assist communities to plan for,
and respond to, any emergencies involving
chemicals. Beyond those actions, the
CMA has decided that the industry’s per-
formance must be improved greatly across
a broad range of activities and products.
From this came a groundbreaking initia-
tive called Responsible Care: A Public
Commitment.

The basic commitment to the public is
that every CMA member company will im-
prove its health, safety, and environmental
performance throughout the life cycle of
the chemical process—from research to
production, from transporiation to waste
management, and from use to disposal.
This can not be done piecemeal. There-
fore, it’s not a voluntary initiative. Every
CMA member company has 1o make the
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commitment and take the actions necessa-
ry 1o bring it about.

Responsible Care is built on 19 guiding
principles that require every member
chemical company to make health, safety,
and the environment top priorities in all
they do. From these principles come spe-
cifics called codes of management prac-
tice, which spell cut how companies can
achieve the guiding principles and keep
improving their performance.

These initiatives are designed to show
that the chemical industry is responsive
and responsible by holding ourselves ta the
highest standards of performance. They
are acrion initiatives. For member com-
panies, the codes of practice must be in-
corporated into all our operations and
ways of doing business.

industry acts

The chemical industry also needs to in-
tensify its efforts to improve science edu-
cation. To the extent the industry can help,
it is responding with a larger and more var-
ied number of programs to help teachers,
students, and the public understand chem-
icals and the chemical industry.

One of the most ambitious is the Ameri-
c¢an Chemical Society’s $35,000,000 Cam-
paign for Chemistry, designed to stimulate
interest in chemistry and science among
children and adults. One key subset is an
innovative high school course that focuses
on chemical issues at the community level.

At Exxon Chemical, we think this pro-
gram is imperative, and the Exxon Educa-
tion Foundation has made a $1,000,000
grant to help support it. DuPont, Dow,
Monsanto, Union Carbide, and others
also have come forward with leadership
grants.

The Chemical Manufacturers Associa-
tion is moving quickly and effectively to
improve public understanding of our in-
dustry’s role, products, and performance.
Two CMA initiatives in particular deserve
mention. The Chemical Education for
Public Understanding Project is a grass-
roots education project for middle schools
and communily groups. It’s intended to
develop greater public awareness, knowl-
edge, and understanding of chemicals and
how they interact with our lives.

The other initiative is Science Screen Re-
port, which includes seven videotapes and
classroom guides on science and technolo-
gy. This is given free to about 2,500 junior
and senior high schools in nearly 1,200
communities and is underwritten by about
300 corporations.

Another TV course, aimed primarily at
non-chemical majors in two-year colleges,
is called *'The World of Chemistry.”” That
world is explored all the way from mole-
cules to the flows of energy through the
biosphere. Financial suppert for this proj-
ect comes from Exxon, Dow, DuPonat,
Eastman Kodak, the PPG Foundation,

and the American Chemical Society.

These are just a sampling of the pro-
grams that chemical companies are putting
together or supporting. They have some
important qualities in common: they're
unbiased and objective, don’t just hand
out the party line, and provide useful ma-
terials that help people think for them-
selves and reach their own conclusions
about the roles of chemical science and
technology today.

Some of these programs are aimed at a
more general audience. They focus on par-
ents, community groups, and non-scientif-
ic professionals such as judges and law-
yers—those who have to make important
decisions on scientific issues.

By themselves, these efforts certainly
won't solve cur education challenges or
turn public opinion around, but they’re a
good beginning. They must be refined, ex-
panded, and coordinated to have the
greatest positive impact.

All of us—business people, the chemical
industry, and everyone concerned with the
nation’s quality ¢f education--need to
give, do, and understzna more. We obwvi-
ously can't wait for our education prob-
lems to seif-corruct. We have to be activ-
ists. The future of our industry and our
nation depends on how thoroughly and ef-
fectively science is taught.

We need quality education in all disci-
plines, especially, in my view, the sciences.
However, wy must understand that this
takes time and work. The programs we ini-
tiate or support certainly will not wipe out
scientific illiteracy overnight. They won’t
persuade large numbers of stcudents to take
up chemistry as a career, turn around tra-
ditional instructional habits and practices,
or eliminate the widespread public mistrust
of our industry.

Mevertheless, chemical companies and
associations must be willing to maintain an
ongoing commitment and constancy of
purpose through good times and bad. We
have to do this because America has an
acute need for thousands of scientists, en-
gineers, and technolcgists. We must get
the education process moving in the right
direction.

The efforts and concern of everybcdy
are needed to chamnpion new and innova-
tive programs in local school systems,
serve on school boards, volunteer in class-
rooms, create summer jobs and intemn-
ships in companies for high school stu-
dents, and adopt schools in one’s com-
munity and encourage and help them im-
prove science instruction. Perhaps most of
ali, we must make it clear that we insist on
quality education. We need to communi-
cate to students and teachers what those
three Westinghouse winners learned so
early—that a career in science means €x-
citement, challenge, and a sense of person-
al fulfillment so great that they wouldn't
want to spend their lives doing anything
else.

USA TODAY / MARCH 1991
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AP 03-15-91 09:20 AET
Company Exec Says More Engineers, Scientists Needed

DENVER (AP) The United States cannot compete fully in a world market because of a shortage
onhsci?tists and engineers, and that deficit is just going to grow, a company executive said here

ursday.

in remarks prepared for a meeting of the American Indian Science and Engineering Society, U S
West president Dick McCormick said his company already has run into shortages in those areas.

By the year 2000, we're going to need 18,000 new Ph.D.s in science and engineering every
year,® he said. "Our colleges’ projected output is 10,000. That shortfall -—— and similar shortfalls of
bachelors and masters in science and engineering — is a great concern.®

He said when his company set up U S West Advanced Technologies recently, "we needed
software architects, systems engineers, network and LAN (local area network) specialists.®

McCormick said the company ended up getting 23 specialists from overseas. "But while we
welcome these international staff members, we worry about the lack of Native Americans and cther
minorities in the nation’s engineering programs,® he said.
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EJS Can’t Afford to Let Science Training Shp

By John W. MoFariand

ing shortage of scientists and the ve-

vere impact it will have on the ecbnomy of
the United Sistes. But little change in edu-
cation has resulted from these warnings.
This spring, President Bush announced
his America 2000 program wath the goal of
improving Amenca's elementary and sec-

ondary schools. And in rud-May, $75 mil- -

lion was awarded to 10 states to develop
math and science programs for students
trom kindergarten through college.
Perhaps these efforts wall be a step to-
ward reversing the ude of science ibteracy
in the US. They wiil. however, be only a
step because much more is needed Lo keep
America competitive in the world market.
The outiook for the natural sciences is
partcularly grim. Of the 23,000 high
schools tn the US, 7.100 do not offer phys-

ics: 4.200 do not offer chemistry; and §

1,900 do not offer biclogy. American stu-
dents score lower on science
achievement tests than do students in Ja-
pan azd Korea, for example.

The problem becomes more critical by
the ume students move into higher educa-
tion. The number of merit scholars choos-
g careers in sctence and engineering has
decreased. The percent of college students
imtally choosing science and math is
about half that of the 1960s. A high per-
centage of those who begin college science
drop out of the program during the first
year. The number of bachelor's degrees
has accordingly decreased

While the numbers and quality de-

crease, the need for scientists, engineers,
and mathematicians is predicted to in-
crease. Industry, academia, and govern-
ment are expected to employ an increasing
number of these professionals over the
next 20 years. One-fourth of college sci-
ence and engineering faculty will reach re-
tirement age by 1995.

All of thege problems and more bave
prompted the National Science Foundation
to predict. thet by the year 2000, the US
will heve a cumcdative shortfall of 675,000
persons with bachelor's degrees ln natured
enginesring. Similarty, 24.2

golng to

Palling interest in the natural sciences
parallels declining interest wn medicine.
The spplicant pool for medical achools

o

sdropped from sbout 42,000 in 197¢-75 to
28,000 in 1888. Applicants
to dental schouls are down by about one-
halfl since the rud-1970s; now about 90
percent of applicants are accepted.

To keep America at the forefront of sci-
entific technology, any education pian
must include the following intiatives:

First. students’ interest, irmagination.
and enthusiasm for the world about them
must be captured. Project 2061, spon-
sored by the American Association for the
Advancement of Science, 13 attempting to
do that. The emphasis is on deading what
students are interested in and then illus-
trating how they can learn about it. The inu-
tial interest may be simple, but when cu-
riosity and excitement are turned on they
will most likely intensify with time.

Second, teachers fascinated by the

world about them must work with students
to help them understand that world. Good
teachers, education’s most prized posses-
sion, should be rewarded accordingly tn
order to avoud losing then Lo more “presu-
gious™ and financially rewarding actvities.

Third, the general public must learn
what science is all about. Currently, there
is little support of good science education
because parents and many decistonmakers
do not recognize its umponance. They
must understand the role of science in our
economy and society in order to recognize
the danger presented by a shorage of
trained scientists. Science-aware parents
may see as much glamor and importance
in science for their children as they now
see in such fields as medicine and sports.

Fourth, colleges must make science a
requirement. Any study n science should
result in an appreciation of how science
works, its Lmitations, and how it may al-
fect, positively and negatively, all inhabit.
ants of the earth.

There should also be a quantitative ele-
ment, which deals with the collection and
analysis of data. The general public should
be capable of making decisions on scien-
tific maners, such as environmental
cleanup, safety in handling chemicals,
what to eat or not eat, and why. The public
should also understand how scientists
come to their conclusions and the validity
of such conclusions.

A high-technology economy demands &
high investment in science. If Americans
want to maintain their standard of living
into the next century, now is the time for a
commitment to science education.

@ John W McFarland is chair of the
Departmeni of Chemistry at DePauw
University in Greencastle, Ind.
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Amld ‘Shortage, |

I;}’Ollng Physicists -
§ee Few Jobs
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shortage, many young physicists contend that

upiversities are already turning out far more physicists
ﬂgnumre;arepermanentjobs. § oy weRRETEE
L« If the job market for research physicists does-not,
radically improve soon, they say, growing numbers of
gl@ted young Americans will be turned away from ca.
reérs in physics, a field deemed by many experts as vital
mt;_lnmmng America's technological-and economic
< Permanent research jobs for young physicists have
virtually dried up, partly because the recession has
drastically undercut the resources of universities and-

- commercial research institutions. in addition, physicists

it{'senlor faculty and research positions who had been -

expected to retire in large numbers in recent years have

not done s0. At the same time, a growing tide of physi- -

cists immigrating from the former Soviet Union and

eastern Europe has begun to exacerbate the glut of

Aserican physicists. - : A
" The situation was underscored last month when Dr.

Robert Hilborn, chairman of ihe physics department at -

Amherst College, disclosed that 813 physicists had ap-
plied for a single job on the college’s physics facuity.
About threequarters were recent recipients of doctoral
degrees, while some 200 were experienced physicists,
iq;:luging about 60 from the former Soviet Union. £

ew young physicists are completely out of work,

imt many are in temporary postdoctoral positions with
o Continued on Page C7

ByMALCOLMW.BROWNE .. ... - -

DN VEN as leading sclentists warn that Atﬁeﬂé&'st E
educational system is failing to produce scien- - °
tists fast enough to fill a glaring projected

5 S Continued From Page Cl
]

low salaries, poor prospects of ad-
vancement, and no job security.
Many are deeply dissatisfied.

Senior physicists, labeled by many
ydunger ones as “the establishment,”
contend that an advanced degree in
pHysics is an excellent education,
even if it leads to no job. Besides,
pHysicists are at the pinnacle of sci-
erce, they argue, and superbly quali-
fi¢d to take jobs as applied scientists,
erjgineers or even plumbers.

ut young physicists say that even
in! industry there are all too few jobs
available because of the recession
and changing industrial research
gdals. Major commercial laborato-
rips that once 2mployed many full-
time sclentists now prefer postdoc-
toral students working as temporary
employees.-

‘Despite the scarcity of permanent
jobs for starting-level physicists, .
most science analysts believe the na-
tion will face a dangerous shortage of
pljysicists in the next century.

Ahger Among Young Physicists

But many young physicists were
angered by a prediction last year
from the National Science Founda-
tion that the United States would have
a shortage of 625,000 scientists in two
decades. The prediction, say many
young physicists, was wildly inaccu-
rate and self-serving, intended main-
ly to nudge Congress into providing
more financing for the agency.

Although junior physicists have no
formal organization, an informal
“Young Scientists Network" was re-.
cently founded by Dr. Kevin D, Ayles-
worth, a postdoctoral fellow at the
Naval Research Laboratory in Wash-
ington. His information exchange
now includes several hundred post-
doctoral physicists. :

*‘Established senior physicists sim-
ply aren’t listening to us postdocs,”
he said in an interview. *They're too
busy finding money for their own
institutions and l5':1'oje:cts. Conditions
for us are not what they were when
establishment scientists were young.
The way-things look now, I doubt that
there ever will be a shortage of scien-
tists anywhere near as severe as the
N.S.F. forecast.” . o

A stream of letters published by
the professional magazine Physics
Today has echoed Dr.- Aylesworth’s
opinion. ‘I remain extremely skepti-

N e



nicw emoluered
physicists say
education in their
field is pointless.

- cal about the impending Ph.D. short-
age that is supposed to occur when
large numbers of present faculty
members retire," wrote Dr. Robert J.
Yaes of Lexington, Ky. Senior faculty
members are postponing retirement,
he said, and even those who do retire
are sometimes not replaced.

‘Chilling Storles’

A few young physiclists are so em-
bittered by the slack job market that
they believe physics education is
pointless.

““The only thing clear is that there
are fewer jobs for physicists because
there is less economic need for physi-
cists,” Murray Arnow of Skokie, IIL,
wrote In a letter to Physics Today.
“The current commitment by the
American Physlical Soclety to pro-
mbte sclence education is almost fol-
iy: given the declining demand for
physicists."

1Dr. Kate Kirby, an atomic physieist

th the Harvard-Smithsonian Center
for Astrophysics and chairwoman of
the American Physical Soclety's
membership committze, sald: “We

staritly hear chilling stories. We
know of gifted postdoctoral physicists
who have held temporary postdoc
jops for seven years or so before
reaching the lowest rung of the aca-
demic tenure track.”

Challenge to Gloomy Outlook

\This gloomy view is strongly chal-
‘efiged gy Dr. Leon M. Lederman, a
Nebel laureate in physics and the
president of the American Associa-
tion for the Advancement of Sclence.

Y“The opportunities for scientists in
general are tremendous,” he ssid. “A
pHysicist may not always find oppor-
tuhity in his original narrow research
specialty, but only 2 or 3 perceni of
pitysicists are actually unemployed.

e need for scientists to contribute
to;the defense of the environment |s
growing, and physicists will also star
in the quest for alternative energy
sources and many other social needs.
There's no question that the nation
will need more physicists."

Far from cutting back science edu-
cation, Dr. Lederman says, the nation
must enhance it at every level, and to
that end he has organized a group of
volunteer sclentists who tutor Chi-
cago-area school teachers in the
teaching of science.

But Dr. Lederman and other lead-
Ing scientists acknowledge that many
physics research positions in indus-
try have disappeared because of the
recession.

Cutbacks at Laboratories

The trend is evident, for example,
at AT.&T. Bell Laboratories, one of
the world's preeminent institutions of
physics research whose employees
have garnered many Nobel Prizes.
The company now emplo;s 172 physi-
cisis as permanent staff members
and 104 postdoctoral fellows. Very
few of the latter group stand a chance
of getting permanent jobs with the
laboratory, says Dr. Amo Penzias,
the laboratory’s vice president for
research, who Is a Nobel laureate
himself. On the other hand, Dr. Pen-
zias said, the traming postdoctoral
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fellows receive at the laboratory pre-
pares them for a wide range of phys-
ics speciaities.

This trend away from pure re-
search has indu some prominent
physicists to leave industrial labora-

tories for academic positions, a shift
that has made academic jobs for
youn, sicists even more scarce.

Dr.8 é’:gﬂes V. Shank, director of
Lawrence Berkeley Laboratory,
worked for 20 years at Bell Laborato-
ries, the predecessor of A.T.&T. Bell
Laboratories, before deciding to
leave. “It's a very competitive world,
and A.T.&T. Bel
needed research more closely con-
nected to its near-term business in-
terests then was the case in the past,”
he said.

A would-be scientist who embarks
on a career in physics faces more
uncertainties than young scientists in
other fields, experts agree. A physi-
cist must complete a doctorate and
one or two postdoctoral appoint-
ments, usually of two years each,
before even becoming eligible to look
for an academic job. It is a course of
study taking roughly the equivalent
time to that needed to become a medi-
cal doctor, which is generally much
better paid. By contrast, a chemist
with only a bachelor's or master’s
degree can usually find a job in the
field, although holders of doctoral de-
grees command higher salaries.

simply felt that it '

More Physiclsts En—ch Year

Suzanne Ellis, educational studies
analyst for the American Institute of
Physics, said the average pr‘;stdncwr'
al fellow in physics draws asalary of
about $30,000, and may have to forgo
permanent employment for years.
Moreover, she said, more physicists
enter the system each year. In 1982,
for instance, only 912 doctoral de-
grees in physics were granted in' the
United States, while in 1989 there
w;:srg 1,112 and in 1890 there were

1,183.

“The job shortage these days has
ilg rtl)olts llil)e the 1980's, wher'l young
physicists began prepari or jobs
they expected to be vacale? by re{lne-
ments in the early 1980's,” Mrs. Ellis
said. “Instead, the senior physicists
are not retiring.”

In 1990, she said, 12 percent of all
physlcists with recent doctorates
seeking positions received no job of-
fer at all, and 50 percent received
only one. In 1888, the comparable
flgures were 7 percent and 45 per-
cent.

In the last three years, some 40
percent of the new United States doc-
torates in physics went to foreign
students, and this has caused some
complaints.

, Immigration Pelicy Criticized

Dr. Aylesworth, while not criticiz-
ing the presence of foreign physicists
in the United States, believes that
Congress seriously overestimated the
job market for sclentists when it
passed the Immigration Reform Act
of 1989. .

Some scientists and engineers are
more harshly critical of immigration
policles, Merrill W. Buckley, presi-
dent-elect of the Institute of Electri-
cal and Electronic Engineers, said
last month that immigration of for-
eign engineers should be curbed in
times of high unemployment. “We
should be as generous as we can, but
we hiave our own self-interest, from a
business and professional point of
view,” he said in a speech before the
Information Technology Association
of America. '

Few senior physicists agree with
this point of view. “‘Without the for-
elgn physicists who came to the Unit-
ed States during this century, Ameri-
can science would have been in a
sorry state,” said Dr. Robert C.
Dynes, professor of physics at the
University of California at San Diego.

But many agree that the current

crop of young physicists faces some
unusual preblems. “The generation
born in the 1950's was drawn to Ehys-
ics during the heady post-Sputnik era,
when Federal money was pouring
into the field,” said Dr. Robert L.
Park of the American Physicai Soci-
ety. “Now, that population bubble
from the 1950's is going through the
system, just when the job market is
worst. The grim truth is that for the
next five vears the good jobs in phys-
ics research will be hard to comne by.
“They could become a lost genera-
tion,” Dr. Park said. “'Even worse
will be the loss to the nation of all that
scientific talent.”

L
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Although Some Cynics Call Them Elitist,
Math And Science Magnet Schools Flourish

The Scientist, May 11, 1992

Two decades after the
bold concept of these
specialized high schools
was hatched, they are
demonstrating their worth

BY SUSAN L-J DICKINSON

By now, the gruesome statistics have
made it clear that primary and sec-
ondary science and math education
in the United States is in bad shape,
with youngsters manifesting what
many officials consider an ominous
combination of ineptitude and disin-
terest:
* The nation ranks 14th among de-
_veloped countries in terms of
students’ ability to perform ad-
vanced algebra.
* Korean schoolchildren solve
complex math problems four times
faster than do U.S. pupils.
* A survey of college-bound U.S.
high school students revealed that a
mere 1 percent were planning

to major in math or the phys-
SRA: | ical sciences.
ive | * Meanwhile, the National

RESEARCH AL

Science Foundation, in a controver-
sial report, has predicted ihat within
two decades the U.S. will be suffer-
ing a shortage of more than 600,000
scientists.

Such statistics have convinced
Massachusetts state senator Arthur
E. Chase that—especially in a state
known for its high concentration of
technology-based industry—some-
thing must be done to alter the bleak

FRESCO: Biology teacher Marilyn Link, center, books
field trips into her North Carolina students’ “rigorous” academic agenda.

predictions for the scicatific future
of the U.S. His response will take
shape in September with the opening
of the Massachusetts Academy of
Mathematics and Science, a state-
funded public high school that will
be located on the grounds of the
Worcester Polytechnic Institute.
Chase has designed this magnet
school with the help of a wide
(Contimued on Page 4)
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Excerpt from Transcript
of
"The Struggle to Close the Science Gap®
Part I
January 4, 1992
Caucus New Jersey, Rutgers University.

Narrator: During the Gulf War, millions of people watched American
Technology in action, from laser guided bombs to patriot missiles.
But is America’s technological strength at risk, and are we facing
a science gap at home?

Dr. Vaughn Vandegrift (Montclair State College): There is no doubt
in my mind that we will have a shortfall of trained scientists and
engineers. The National Science Foundation has projected that by
the year 2006 we will have a shortfall of some 400,000 bachelors
level scientists and about 275,000 engineers.

Narrator: There are several reasons why the United States faces

such a severe shortage, but Dr. Vandegrift says it’s simply a
matter of math.

Dr. Vandegrift: Over the last decade or so there hasn’t been much
of a decrease in the percentage of students choosing careers in
math and science. There has been a decrease in the absolute number,
so this makes for many fewer being trained in math and science.

Narrator: According to Robin Hogan of Merck, the key is to get
kids interested in math and science early in their education.

Mr. Robin Hogan (Merck & Co): Unfortunately our research shows
that students get turned off about science early in their careers,
and by the time they’'re 9th graders, freshmen in high school, they
have the impression that science is not fun, it’s not interesting,
it’s not a career that they want to pursue.

Nadia Vercer (High school freshman): (Science is)...definitely very
time consuming, ‘cause I have a cousin who is doing chemical
engineering. He said it’s very hard and it is going to take a lot
of work. And, I mean, just hearing that makes me think about it
twice, going into the field of science.

Vanessa Bakert (High school junior): You don’t hear people who
want to be, like, a scientist or a chemist. They want to be, like,
a doctor or a lawyer.

Narrator: Why?
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Vanessa Bakert: Because it’s, like, a more glamorous thing to be.
It’s not, you know, like nerdy. You don’t think of pocket

protectors, you think of TV and "LA Law", and not "Back to the
Future".

Narrator: For these and other reasons, less people are choosing

careers in science and engineering, and, unfortunately, we are all
going to pay the price.

Mr. Hogan: The science base of New Jersey is one of its strongest
economic bases. The pharmaceutical industries in New Jersey are
deing well. They are employing thousands of people, and frankly,
if we can’t meet our employment needs in the state, we will have to
look elsewhere for where we position our manufacturing and our
laboratory facilities. It could have a negative impact overall,
long term, on New Jersey’s economy.

Dr. Vandegrift: The strength of a nation like the United States is
based significantly on its technological superiority. And over the
last number of years, a number of people have claimed that we have
lost, or are losing, that technological superiority. The strong
consensus is that if we don’'t position ourselves with a
technologically and scientifically trained work force, that has the
economic strength that we have enjoyed in recent memory will be
lost in the future.

Narrator: Right now the U.S. ranks last in math test scores and
next to last in science. If this continues, the future of our
nation is at risk.

Mr. Kennan Smith (Exxon Corporation): If we are to remain
technologically competitive, which will affect the bottom line, the
gross national product of this nation, we have got to push math and
science, because that is where the money will be made.

Narrator: So what can we do? Some corporations like Exxon are
fighting back by teaching the teachers.

Mr. Smith: Many of the teachers in the elementary schools are not
prepared to teach science education. And, in fact, that’s the last
subject generally taught in the course of the school day. We are

trying to help teachers get more comfortable, more knowledgeable,
in teaching science.

Mr. Hogan: Most teachers who have been out of the classroom for 20

years,and they’re a lot of them, really should be going back and
re-tooling.

Dr. Vandegrift: An important suggestion that has been made is to
get students more involved in the discovery process. Emphasize
facts less, and the doing of science more.
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Mr. Hogan: You learn by doing, you learn by manipulating. And
science is not a vocabulary lesson, it’s an experience.

Narrator: But it’s an experience that fewer and fewer students are
having in New Jersey and across the country. Unfortunately, there
is no quick fix for this complex educational, social, and economic
problem. Any progress in bridging the science gap will not happen

overnight, but will take years of re-education, commitment, and
both public and private dollars.
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APPENDIX 6

Additional comments submitted for the record.
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AMERICAN

ENGINEERING

ASSOCIATION

P.O. Box 820473 - Fort WorTH, Texas 761800473 - Ter. Recokoen (214) 264-6428
Hon. Howard Wolpe, Chairman April 4, 1992

Investigations & Oversight Subcommittee
House Science, Space & Technology Committee
House Annex #1

Room 822

Mashington, D.C. 20515

Dear Rep. Wolpe:
Thank you for permitting the American Engineering Association the opportunity to
offer written testimony. This is a subject of concern to most engineers today. I do

not know of a working level engineer who believes the National Science Foundation is
a friend of the engineering community.

Attached is my written testimony and a few sheets of pertinent information. I hope
you find both of interest and germane to the hearings of April 8. Other supporting
information has been sent under separate cover.

Simply the perceantion of the need to hold hearings by your committee to look into
such a prestigious agency as the National Science Foundation should give us cause

for concern. The general perception of NSF as an unbiased organization ended for me
years ago.

Should you have questions or want more information feel free to write to the address
in the letterhead or call me anytime at (316) 529-6440.

Again, thank you for holding these hearings.

Sincerely,

3l . /
i A R .

Billy E£ Reed.'PresiaE;t

DeDICATED TO THE ENHANCEMENT OF U.S. ENGINEERING CAPABILITIES
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TESTIMONY
of
THE AMERICAN ENAINEERING ASSOCIATION
N

FROJECTIONS OF SCIENCE % ENGINEERING PERSONNEL REQUIREMENTS:
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as presented to
SUBCOMMITTEE on INVESTIGATIONS & OVERSIGHT
of the

HOUSE SCIENCE, SPACE % TECHNOLOGY COMMITTEE

April 8, 1932

by
BILLY E. REED, FRESIDENT
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INTRODUCTION

The American Engineering Association is a non-profit corporation with
membership in virtually every high-tech center in the United States. We were
founded 1n 1979 to improve engineering and related professions in the area of
professional issues. We are dedicated to the enhancement of the engineering
profession and U.S. engineering capabilities.

AEA 1s the only engineering association dedicated exclusively to the
professional needs and concerns of the U.S. engineering community. Among these
concerns is what we have termed Engineering Shortage Propaganda or ESP.

AEA believes this nations engineers are a valuable resource and as such should
be nurtured. It is to this end we offer the following testimony.
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1 am Billy E. Feed, Fresident of the American Engineering Association. 1 want
t thank the Chairman and the Subcommittee for the opporvtunity to present our
views on this very wmportant 1ssue.

I do not claim to be an expert in statical modeling, nor do know much about
how the National Science Foundation operates. There are others here who are
more qualified in both of these areas than 1. There are problems within the
National Science Foundation which I believe are both systemic and very harmful
to the engineering profession.

Worting level engineers rconsider the National Science Foundation a very
anti1-engineer organization. Engineers find this appalling considering our tax
dollars fund NSF. This attitude, while perhaps not justified across the entire
organization, 135 based on more than just a qut feeling.

For ewxample, in 19B3, the American Engineering Association was working to
require foreign engineering students to return to their homeland before being
granted permanent rvesidence status to remain here to work. Our amendment was
to be introduced by the Hon, Sam B. Hall of Texas and during one conversation
with his immigration aide I was told "The pressure against this amendment i1s
incredible, Every member of the Fortune 900 as well as the National Science
Foundation has been lobbying us to drop the amendment.”

After wmore discussion, 1 was told Fep. Hall’s office had received several
ralls from people within the NSF who indicated Mr. Erich Bloch, the then
Director of NSF, had asked them to call. I have no reason to not beliave Mr.
Hall's aide.

Typical of the predictions of engineer shortages was perhaps the most widely
guoted “source" of recent times, the American Electronics Association survey
which gained prominence 1n 1983, AEA determined there was going to be a
shortage of engineers by surveying themselves. This report was embraced and
quoted by everyone from members of Congress to the National Science
Foundation, to virtually every trade journal and newspaper in the country to
"orove" there was going to be a “orisis level" engineering shortage.

Dnly after several years of quoting their survey and receiving a significant
amount of criticism did AEA admit their survey only indicated a "shortage of
electronic engineers” and should not have 1mplied a “shortage of all
engineers”. In early 1986 Fat Hill Hubbard of AEA finally admitted “"the
alectri-al engineering shortags no longer exists®.

Ms. Hubbard described an article in the AEA publication “Update" which still
maintained there was a shortage of engineers as an “unfortunate editorial
misrepresentation” and a problem of “semantics".

The May 13, 1386 issue of Electronic Engineering Timee carried a story which
makes the following statements: "A high-ranking Mational Science Foundation
afficial (Mr. Nam Suh) told engineering vice presidents here last week that
America engineers are overpaid and less productive than their foreign
counterparts.” The article goes on bt state "When pressed later to clarify his
remark, Suh said bluntly “"Yes, [ think American engineers are overpaid."" Mr.
Suh was the assistant direstor for engineering 3t NSF at the time.

The article vcortinues "In his speechy.....Sub said there is a shortage of
engineers, a contantion with which few enginsering groups concur. ... "He told
FE Times afterward. "We ne.d to improve the quality of them and the number of
them."" 1 believe the term "them" ic very telling of the attitude of not just
Mr. Suh, but the N3F, Enginzers are not a “them" or a product to be bought,
<nld or traded. To his credit, Mr. Bloch reportedly refuted both the
“ayerpaid” and "shortage® statemants of Suh,



