SUMMIT,

ON THE US. SCIENCE AND /
ENGINEERING WORKFORCE !

 MEETING SUMMARYS e

“\
<
-

NATIONAL ACADEMY OF SCIENCES
NATIONAL ACADEMY OF ENGINEERING
INSTITUTE OF MEDICINE

EEEEEEEEEEEEEEEEEEEEEE




PAN-ORGANIZATIONAL

SUMMIT

ON THE US. SCIENCE AND
ENGINEERING WORKFORCE

MEETING SUMMARY

Marye Anne Fox
Government-Industry-University Research Roundtable

NATIONAL ACADEMY OF SCIENCES
NATIONAL ACADEMY OF ENGINEERING
INSTITUTE OF MEDICINE

OF THE NATIONAL ACADEMIES

THE NATIONAL ACADEMIES PRESS
Washington, DC
www.nap.edu



THE NATIONAL ACADEMIES PRESS 500 Fifth Street, N.W. Washington, DC 20001

This study was supported by Contract/Grant No. N00014-01-1-0903 between the
National Academy of Sciences and DOD, Contract/Grant No. NASW-99037,
TO109 between the National Academy of Sciences and NASA, Contract/Grant
No. DE-FG02-00ER30309/99-558-05 between the National Academy of Sciences
and DOE, Contract/Grant No. N01-0D-4-2139, TO29/00-150-02 between the Na-
tional Academy of Sciences and NIH, Contract/Grant No. 5B1341-02W-1510 be-
tween the National Academy of Sciences and NIST, and Contract/Grant No. 2002-
38840-01973 between the National Academy of Sciences and USDA.

Any opinions, findings, conclusions, or recommendations expressed in this publi-
cation are those of the author(s) and do not necessarily reflect the views of the
organizations or agencies that provided support for the project.

International Standard Book Number 0-309-08960-3 (Book)
International Standard Book Number 0-309-52530-6 (PDF)

Additional copies of this report are available from the National Academies Press,
500 Fifth Street, N.W., Lockbox 285, Washington, DC 20055; (800) 62-6242 or (202)
334-3313 (in the Washington metropolitan area); Internet, http:/ /www.nap.edu

Copyright 2003 by the National Academy of Sciences. All rights reserved.

Printed in the United States of America



THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating
society of distinguished scholars engaged in scientific and engineering research,
dedicated to the furtherance of science and technology and to their use for the
general welfare. Upon the authority of the charter granted to it by the Congress in
1863, the Academy has a mandate that requires it to advise the federal government
on scientific and technical matters. Dr. Bruce M. Alberts is president of the
National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter
of the National Academy of Sciences, as a parallel organization of outstanding
engineers. It is autonomous in its administration and in the selection of its
members, sharing with the National Academy of Sciences the responsibility for
advising the federal government. The National Academy of Engineering also
sponsors engineering programs aimed at meeting national needs, encourages
education and research, and recognizes the superior achievements of engineers.
Dr. Wm. A. Wulf is president of the National Academy of Engineering.

The Institute of Medicine was established in 1970 by the National Academy of
Sciences to secure the services of eminent members of appropriate professions in
the examination of policy matters pertaining to the health of the public. The
Institute acts under the responsibility given to the National Academy of Sciences
by its congressional charter to be an adviser to the federal government and, upon
its own initiative, to identify issues of medical care, research, and education. Dr.
Harvey V. Fineberg is president of the Institute of Medicine.

The National Research Council was organized by the National Academy of
Sciences in 1916 to associate the broad community of science and technology with
the Academy’s purposes of furthering knowledge and advising the federal
government. Functioning in accordance with general policies determined by the
Academy, the Council has become the principal operating agency of both the
National Academy of Sciences and the National Academy of Engineering in
providing services to the government, the public, and the scientific and
engineering communities. The Council is administered jointly by both Academies
and the Institute of Medicine. Dr. Bruce M. Alberts and Dr. Wm. A. Wulf are chair
and vice chair, respectively, of the National Research Council.

www.national-academies.org






Preface

Each of the 32 nonprofit organizations that contributed a presentation
to the Pan-Organizational Summit on the Science and Engineering
Workforce (November 11-12, 2002; The National Academies, Washing-
ton, DC) was invited to issue a corresponding position paper to be repro-
duced in this volume. The bulk of this document comprises these papers.
In addition, Shirley Jackson and Joseph Toole, two of the keynote speak-
ers, have included their remarks.

The most remarkable aspect of the summit was the spontaneous self-
assembly of the contributing organizations into working groups. Groups
focused on gathering a critical mass with which to drive the issues voiced
at the meeting. This is both a credit to the passion of the community, and
recognition of the gravitas of the issues at hand.

PRESENTERS’ SUGGESTIONS FOR POLICY ACTIONS

This paper documents areas in which multiple organizations” inter-
ests and directions coincide. Each topical area is listed with its most fre-
quently suggested policy solutions, followed by the names of the organi-
zations that support those solutions. Many of the suggestions are taken
directly from the position papers while others took shape from the dia-
logue that ensued at the summit itself.

The views expressed do not represent an official policy statement of the Gov-
ernment-University-Industry Research Roundtable nor of its sponsoring organi-
zations nor the National Academies. Findings from reports of the National
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Academies are not included here but may be found in a number of docu-
ments listed in Appendix D.

National Leadership: Develop a coordinated, multiorganizational,
multisectored effort to address why there is a lack of development of U.S.-
born S&E talent and ensure that effort has national leadership.! Key focus
areas would include some or all of the issues below.

K-12 Teacher Training: Examine the reasons why domestic K-12 stu-
dents are turning away from science, technology, engineering, and math
(STEM)? and use those findings to develop novel approaches to attract
students to STEM.? As a part of that effort, support pre-service training
and in-service STEM teacher development to meet content knowledge
needs of teachers.* Work with governmental science agencies and indus-
try to provide professional development opportunities for teachers
through summer fellowship programs® and long-term support relation-
ships between federal agencies’ (DOE, NASA, etc.) scientists, mathemati-
cians, and engineers, and pre-college math and science educators.®

Financial Aid: Target financial aid for those wishing to major in S&E.”
For financially disadvantaged S&E students, make financial aid readily
available in the form of grants or loan forgiveness, rather than loans.8 If a
comprehensive national plan cannot be developed readily, some first steps
might be taken—e.g., develop a plan for all federal agencies and National
Laboratories to incorporate undergraduate and graduate loan forgiveness
as part of their postdoctoral appointments.’

Undergraduate Curriculum and Pedagogy Reforms: Continue the
efforts to transform the S&E undergraduate learning experience, expand-
ing and building on what has been learned over the past decade about
how to engage students with content/pedagogical approaches so that they
are motivated to pursue careers in STEM fields.!®

Effort/Reward Ratio: Address the poor effort/reward ratio of careers
in science and engineering, for both practitioners!! and K-12 teachers in
the U.S.12 Key issues are time to degree,'3 time to start of career,'* lack of
positions commensurate with training (for certain subfields),'> impact of
the global S&E labor force on U.S. salaries (for practitioners),'® and lost
earnings relative to other career paths and professions.!”

Agility in S&E Education: Conceptualize and implement an infra-
structure of interconnecting career pathways and educational re-
sources that allows S&E students to readily migrate to and along the
S&E pipeline.'® As an example, more articulation agreements between
universities and community colleges would address the needs of those
who do not start their careers in four-year, baccalaureate-granting in-
stitutions.!”
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Agility in the S&E Workforce: To give S&E workers the exceptional
agility their careers demand, ensure that there is national support of life-
long learning.?® As a first and necessary step, retool H-1B visa fees to sup-
port the retraining of highly skilled S&E workers rather than only the
initial training of lower-skilled workers.?!

Minority/Women Participation: Increase participation by women and
minorities in S&E disciplines and careers.?? As a part of that effort, inves-
tigate cultural differeces (e.g., in Asian families) that seem to encourage
involvement in S&E.?3*

A Systems Approach to Understanding the Problem: Develop a more
comprehensive national database,?* more extensive education research,?
and the beginnings of a workable system model?® of S&E education and
workforce pathways. These resources are necessary to understand the fac-
tors that lead to changes in both supply and demand of S&E workers; i.e.,
to guide intelligent policymaking.?”

The National Academies has conducted numerous studies on the state
of the science and engineering workforce, and the educational pipeline
that supplies that workforce (see Appendix D). In contrast, this volume is
a snapshot in time of the deeply held policy opinions of various commu-
nity groups, professional societies, and other not-for-profit organizations
that work on the issue area of S&E education and workforce. We have
reproduced those opinions faithfully, so that policy leaders and the orga-
nizations themselves can use this volume to assess the boundaries of a
potential political consensus on this critical issue.

Marye Anne Fox, Chancellor
North Carolina State University

NOTES
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The U.S. Science and Engineering
Workforce: An Unconventional Portrait

Michael S. Teitelbaum?!
Program Director
Alfred P. Sloan Foundation, New York

NO SHORTAGE OF SHORTAGES

For much of the past 10-15 years, it has been a commonplace in many
academic and public advocacy settings to emphasize current or prospec-
tive “shortages” or “shortfalls” (or sometimes “inadequate skills”) in the
U.S. science and engineering workforce. Beginning in the late 1980s, the
then leadership of the National Science Foundation (NSF) and of a few
top research universities argued that a “looming shortfall” of scientists
and engineers emerging between the mid-1980s and 2006 could be dis-
cerned.? Their arguments were based upon projections produced by the
NSF’s late Division of Policy Research and Analysis.?

When, only a few years later, it became apparent that the trend was in
the opposite direction to that of the forecasted “shortfall,” i.e., a growing
surplus of scientists and engineers, the NSF as a whole was subjected to
the embarrassment of an investigation by the staff of the Subcommittee
on Investigations and Oversight of the House Committee on Science,
Space, and Technology, followed by an investigative hearing. In his open-
ing remarks at the latter, the subcommittee’s chairman Rep. Howard
Wolpe stated that the “credibility of the [National Science] Foundation is
seriously damaged when it is so careless about its own product.” The
subcommittee’s ranking minority member (and now chairman of the full
Science Committee), Rep. Sherwood Boehlert, stated that the NSF
director’s shortfall prediction, “delivered up in the context of growing
concerns about our nation’s competitive standing, was the equivalent to
shouting ‘Fire” in a crowded theater. . . . Today we will hear that number
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was based on very tenuous data and analysis. . . . In short, a mistake was
made, let’s figure out how to avoid similar mistakes and then move on.”4

Notwithstanding this unfortunate recent history, in September 2002
a new report issued by a year-old entity called Building Engineering
and Science Talent (BEST), established by the Council on Competitive-
ness to focus on admirable concerns about underrepresentation of
women and some minority groups in science and engineering, pointed
to a “Quiet Crisis” of insufficient production of scientists and engineers
in the U.S5

Moreover, only one month earlier, the administrator of the National
Aeronautics and Space Administration (NASA) testified before the House
Science Committee about NASA’s hiring problems. He reported that
“[e]ven utilizing all the tools at hand we are at a disadvantage when com-
peting with the private sector,” but then went well beyond NASA’s own
particular competitive problems to claim a general “lack of scientists and
engineers”:

NASA is not alone in its search for enthusiastic and qualified employees.
Throughout the federal government, as well as the private sector, the chal-
lenge faced by a lack of scientists and engineers is real and is growing by
the day.

He pointed to NSF statistics showing that graduate enrollment in en-
gineering, physical and earth sciences, and math showed declines between
1993 and 2000, and from the mid-1990s to 2000, engineering and physics
doctorates declined by 15 percent and 22 percent, respectively.®

Thus it would appear that “shortages” or “shortfalls,” whether cur-
rent or impending, have become the hardy perennials of public discourse
on these issues. Suffice it to say that there is no credible quantitative evi-
dence of such shortages. All available evidence suggests that overall labor
markets for scientists and engineers are relatively slack, with consider-
able variation by field and over time. This generalization is quite consis-
tent with the existence of very tight labor markets in some areas that are
new or growing rapidly (e.g., bioinformatics). Meanwhile, in other areas
there appear to be substantial surpluses, with special problems in previ-
ous boom sectors such as telecommunications, computing, software, etc.
This is not surprising, given that the broader U.S. economy is in a period
of economic downturn, and especially given the recent collapse of the
dot-com bubble and the deep crises in the telecommunications industry.”
Labor market projections that go very far into the future are notoriously
problematic: no one can know what the U.S. economy and its science and
technology sectors will look like in 2012. Certainly there are no credible
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projections of future “shortages” on which sensible policy responses
might be based.

CONTRADICTORY CONCERNS

When concerns about current or forecast shortages are invoked, the
trends described typically are attributed to:

1. The failings of the U.S. K-12 education system, especially its inad-
equacies in science and mathematics.

2. A declining level of interest in such fields among U.S. students,
especially among the “best and brightest,” in part because of the relative
difficulty of science and mathematics as fields of study.

3. Inadequate knowledge among younger U.S. cohorts of science and
engineering fields as careers, or in the alternative of the science and math
prerequisites required to pursue them at university level.

4. For women and minorities, a lack of role models in these fields,
suggesting to younger cohorts that such fields are “not for me.”

Others with knowledge of science and engineering labor markets have
expressed equally energetic concerns about the increasingly unattractive
career experiences of newly minted scientists and (to a lesser extent) engi-
neers. Numerous reports and pronouncements in this direction have ema-
nated from scientific and engineering societies, from Congress, and from
the press. A prominent example is the report by a National Research
Council (NRC) committee chaired by Shirley Tilghman that pointed to
serious career problems facing young biomedical scientists in the second
half of the 1990s.8 Yet recent data reported by the National Institutes of
Health (NIH) indicate that key indicators of such career problems have
continued to deteriorate since then. Science magazine (4 October 2002) re-
ported as follows on an interview with Tilghman (now president of
Princeton University) about the new NIH data:

It’s appalling. The data reviewed by the panel in 1994 looked “bad,” but
compared to today, they actually look pretty good.”

AN UNCONVENTIONAL PORTRAIT

The main message of this brief note is that the two apparently contra-
dictory concerns above are in fact closely linked to one another. To state
the message succinctly: those who are concerned about whether the production
of U.S. scientists and engineers is sufficient for national needs must pay serious
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attention to whether careers in science and engineering are attractive relative to
other career opportunities available to ULS. students.

As noted, this is not the conventional picture, but it is one that I be-
lieve warrants thoughtful assessment and discussion. It begins with the
acknowledgment that pursuit of the qualifications required for careers in
engineering and in science (especially) requires large personal invest-
ments. The direct financial costs of the higher education required for en-
try into such careers can be very high, depending in part on the family
financial circumstances of undergraduates (where financial aid is often
need based), whether the institution attended is private or public, whether
post-baccalaureate education is required, and, if so, whether such educa-
tion is lengthy and/or highly subsidized.

Engineering and science differ substantially in these characteristics.
For engineering, only the baccalaureate is normally required for entry into
the profession, for which educational subsidies are available for those in
financial need. In contrast, for professional careers in the sciences the con-
ventional entry-level degree is the Ph.D. and increasingly a subsequent
postdoc, the direct financial costs of which are typically heavily subsi-
dized by both government and institutions. Yet even with such subsidies,
the personal costs of the required Ph.D. can be quite high—less in the
form of direct financial expenditures and more in the time required to
attain the qualifications needed.

The extreme case is that of the biosciences. In this large domain of
science, which comprises a large fraction of all Ph.D.’s awarded, an aver-
age of 10-12 years postbaccalaureate are now required for initial entry as
an independent professional: first a 7-8 year Ph.D. program, and then 2-5
years spent in postdoctoral status that has become a virtual requirement
for career initiation. In career terms, this implies that most young biosci-
entists are now unable to initiate their careers as full-fledged profession-
als until they are in their early thirties, and those in academic positions
are not generally eligible for tenure until their late thirties. As noted by
Wendy Baldwin, deputy director of Extramural Research for NIH, this is
a source of concern to NIH because of “the long-held observation that a
lot of people who do stunning work do it early in their careers.”! Such a
pattern, in which career initiation is delayed until one’s thirties, is also a
source of inherent conflict with the social and biological patterns of mar-
riage and family-building.

There are also significant economic effects of this 10-12 year period in a
student or apprentice position: a substantial fraction of annual income that
would otherwise be earned!! must be forgone—what economists term “op-
portunity costs.” A recent study of this subject concludes that bioscientists
experience a “huge lifetime economic disadvantage”: on the order of
$400,000 in earnings discounted at 3 percent compared to Ph.D. fields such
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as engineering, and about $1 million in lifetime earnings compared with
medicine. When expected lifetime earnings of bioscientists are compared
with those of MBA recipients from the same university, the study estimated
a conservative lifetime difference in earnings of $1.0 million exclusive of
stock options, and perhaps double that if stock options are included.!?

In smaller scientific fields such as physics and chemistry, where times
to Ph.D. are shorter and lengthy postdocs less universal, the differentials
are smaller but still substantial. Given these significant personal invest-
ments of direct expenditures or forgone income, careers in science and
engineering must offer commensurate attractions relative to other career
paths available to U.S. students. The key words in the preceding sentence
are “relative to other career paths available to U.S. students.” If U.S. stu-
dents perceive careers in science and engineering to be increasingly unat-
tractive in relative terms, they have numerous options for career choice in
other domains. College graduates who have demonstrated that they are
talented and interested in scientific and mathematical domains can choose
to go to medical school, law school, or business school, or they can enter
the workforce without graduate degrees.

The options available to most non-U.S. students (at least for those
from low-income countries) are profoundly different. Attendance at U.S.
medical or law schools is not a realistic opportunity, due to the very high
costs involved and the absence of subsidies. Meanwhile, it is well known
that science Ph.D. programs at many U.S. universities actively recruit and
subsidize graduate students from China, India, and elsewhere.

There are, of course, many significant noneconomic rewards (or “psy-
chic income”) associated with careers in science and engineering: the won-
derful intellectual challenge of research and discovery; the life of the mind
in which fundamental puzzles of nature and the cosmos can be addressed;
the potential to develop exciting and useful new technologies. For many,
these attractions make science and engineering careers worthy of real sac-
rifices— “callings” analogous to those of the religious ministry or artistic
expression. Happily, some fraction of talented U.S. students will decide
out of such personal values and commitments to pursue graduate degrees
and careers in science or engineering, even with full knowledge that the
career paths may be unattractive in relative terms.

Yet it is also true that others with strong scientific and mathematical
talents will decide that a better course for their lives would be law school,
business school, medical school, or other directions. The following simple
questions may usefully be posed regarding the relative attractiveness of
careers in science and engineering fields:

1. Does the career path offer a reasonable likelihood that those who
have made the sacrifices needed to attain the entry-level degree (B.S. in



6 PAN-ORGANIZATIONAL SUMMIT

engineering, Ph.D. in science) will have predictable access to the “prac-
tice” of their chosen profession? In other words, is there known to be suf-
ficient demand in the labor market to provide reasonable career opportu-
nities for most newly qualified engineers and scientists?

2. Can those contemplating a career in science or engineering realisti-
cally aspire to a middle-class life style, roughly parallel (even if somewhat
less remunerative) to those experienced in other professions?

3. Is the trajectory of a career in science or engineering compatible
with a typical adult “life”? That is, does the career path fit realistically
with marriage, family-building, and the biological constraints of human
reproduction?

SUMMARY

There is a general consensus on the importance of attracting sig-
nificant numbers of outstanding young U.S. citizens to science/engi-
neering careers. Yet it appears that a variety of forces have conspired—
with no one intending this outcome—to a relative deterioration of such
careers when compared with those available in medicine, law, and
business.

The main negative forces involved seem to differ for engineering
and for science. For prospective engineers, the primary deterrents at
present may be the visible instability of career paths and the increasing
exposure to competition with engineers from low-income countries who
are prepared to work for small fractions of prevailing U.S. living stan-
dards—a situation not generally experienced by other professionals such
as lawyers and physicians. For would-be scientists (with considerable
variation by field), the deterrents seem to include the lengthening time
to degree and in postdoc/apprenticeship roles, coupled with increasing
uncertainty as to the possibility of being able to “practice” as a profes-
sional scientist once this lengthy postgraduate apprenticeship period has
been completed.

As previously noted, those who are concerned about whether the pro-
duction of U.S. scientists and engineers is sufficient for national needs
must pay serious attention to the relative attractiveness of careers in sci-
ence and engineering, when compared with other career opportunities
available to U.S. students. It would therefore be judicious to exercise cau-
tion in again invoking the hardy perennials of prospective “shortages” of
scientists and engineers, lest these prophecies prove to be self-fulfilling—
leading to actions that cause further deterioration in the relative attrac-
tiveness of such careers, thereby exacerbating the very problems they seek
to resolve.
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Mary L. Good, Chairman
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in America (ASTRA)

INTRODUCTION

ASTRA is a newly established policy research collaboration compris-
ing 48 of America’s leading science and technology companies, associa-
tions, professional societies, universities, and research institutions.

ASTRA’s underlying companies and institutions in turn represent
hundreds of thousands of science and technology professionals across
dozens of scientific disciplines through their workplaces, professional or-
ganizations, and academic institutions. ASTRA’s mission is quite simple:
we strive to increase public funding for basic research in the physical,
mathematical, and engineering sciences based upon overwhelming evi-
dence that underfunding and imbalance in the current federal research
portfolio has reached crisis proportions.

Finding 1: Federal funding of basic research in the physical, mathematical,
and engineering sciences is in long-term decline and needs to be significantly
increased over time.

This decline is long term and began in the late 1980s. By any mea-
surement, it is part of a persistent and long-standing pattern. For ex-
ample, the share of federal R&D as a percentage of gross domestic prod-
uct (GDP) has now reached an all-time low (see Figure 1). The decline in
federal R&D as a percentage of GDP is a good index to cite because it
reflects long-term swings in public and political support for science
funding and demonstrates that these swings are not attributable to par-
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FIGURE 1 Federal R&D as percentage of GDP 1953-2000. Source: National Sci-
ence Foundation, Science and Engineering Indicators 2000.

tisan differences, but rather competing policy priorities between 1953
and the present.

ASTRA believes the recent decline is due to several factors, including:
the Cold War “build down,” which left a gap in defense science budgets,
the overall need to redress chronic budget deficits by a succession of ad-
ministrations and Congresses, and a strongly supported policy decision
to increase research funding for the life sciences in the mid-1990s.

Underfunding creates imbalance in the scientific research portfolio,
disrupts academic recruiting and grant making, stymies faculty develop-
ment, and thwarts infrastructure investment. This in turn hampers the
traditional educational “pipeline,” which is tasked with creating new sci-
ence and engineering (S&E) workers for industry, academe, and other re-
search institutions.

The consequences of such underfunding have been the subject of many
public and private studies, perhaps the most compelling of which was the
prescient February 2001 Report of the U.S. Commission on National Security
(Hart-Rudman Commission), whose assessment has been borne out by
painful loss. The commission called for a doubling of federal science and
technology (S&T) funding across the board over the next decade.

The Hart-Rudman report details the need for “recapitalizing”
America’s science and technology educational structure, and it suggests
many excellent steps for averting future crises in the areas of U.S. indus-
trial competitiveness, national security, and technological leadership.

Similarly, the July 2001 Report of the Committee on Trends in Federal
Spending on Scientific and Engineering Research of the Board on Science, Tech-
nology, and Economic Policy (STEP) of the National Research Council de-
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tailed alarming erosion of federal funding in specific disciplines and made
very worthwhile recommendations on improvements.

While it may be difficult to assess why individual students choose
their particular courses of study, there is a clear correlation between stu-
dent degree choice and federal research funding for the mathematical,
engineering, and physical sciences (MEPS). Moreover, the percentage of
students entering into the life sciences as opposed to other disciplines has
reached an extreme point, as demonstrated in Figure 2.

Finding 2: Dysfunction in the S&E educational “pipeline” is closely related
to lack of consistent federal support beginning in the late 1980s.

U.S. bachelor’s degree production in non-life sciences and engineering
continues its long-term decline. The graduation rates for different disciplines
between 1975 and 1998 are shown in Figure 2. From these data, ASTRA has
calculated the peak year of undergraduate enrollment and the increase or
decrease since that time. Only the “life sciences” category has increased dur-
ing the period 1975-1998. This comes at a time when Asia and Europe are
increasing their number of overall science degrees significantly (see Figure 3).

Perhaps more disconcerting, participation by foreign students in U.S.
S&E doctoral degree production is now essential. Depending upon the
scientific discipline being measured, anywhere from about 35 percent of
doctoral degrees in the natural sciences to about 48 percent of doctorates
awarded in engineering are being awarded to non-U.S. citizens (see Fig-

90,000 -=—Life Sciences

Increase of 21%
80,000 " Peak Year = 1998

70,000 g . —+— Engineering
60,000 & P D — Decrease of 21%

' \ /' Peak Year = 1985
50,000

y, =a= Computer Sciences
40,000 r\ Decrease of 30%
30,000 ./._,,.71_\ Peak Year = 1987
20,000 —e— Physical and
M Geosciences
10,000 / Decrease of 19%
Peak Year = 1981

N 2 » H N o> ] & —— Mathematics
N N N N N Decrease of 34%
Peak Year = 1975

Number of Bachelor Degrees

FIGURE 2 U.S. bachelor’s degrees in non-Life Sciences and Engineering continue
long-term decline 1975-1998. Source: National Science Foundation, Science and En-
gineering Indicators 2002 and ASTRA.
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FIGURE 3 U.S. Natural Science and Engineering doctoral degrees 1975-2000 com-
pared with global competitors. Degree totals for U.S. include foreign nationals
enrolled in U.S. academic institutions. Source: National Science Foundation, Sci-
ence and Engineering Indicators 2002.

ure 4). The significant immigration of foreign-born S&E workers over the
past two generations has allowed the U.S. to sustain its long dominance of
most scientific and technological fields.

Reliance upon foreign student matriculation has profound implications
for the federal S&E workforce in particular. It is estimated that more than 50
percent of federal S&E workers will elect to retire from the workforce over
the next 10 years. Because restrictions on non-U.S. citizen employment
within the federal S&E workforce apply to many sensitive areas of federal
research, and science degree conferral upon U.S. residents continues to
drop, no solution is in sight if demand continues at past levels.

Failure of U.S. students to undertake science training and possible
reasons for this state of affairs have been analyzed by others. Many fac-
tors are at play, and they may include cultural, gender-based, economic,
and educational disincentives for science education and the relative at-
tractiveness (money, prestige, ease of learning) of other professions to our
brightest students. The teaching of mathematics—the language of sci-
ence—also presents special problems throughout the educational con-
tinuum.

Finding 3: Serious imbalance in the federal R&D portfolio threatens the avail-
ability, quality, and preparedness of the U.S. scientific and technology workforce.

Finding 4: Student choice of science discipline correlates strongly with the
availability of federal funding for science research.

Viewed in light of Figure 5, Figure 6 demonstrates, through cross
analysis of different data sets, an incontrovertible relationship between
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FIGURE 4 Foreign students now constitute nearly a majority of graduates in key
scientific disciplines. Source: National Science Foundation, Science and Engineering
Indicators 2002.

federal science funding and student degree choice for MEPS. This pattern
is particularly pronounced at the B.S. level, where initial career decisions
tend to be made by individuals.

Analysis of these data also seems to demonstrate that individual
choice of science discipline is affected less by actual labor market demand
and more by the availability of grants and stipends for particular scien-
tific disciplines, such as in the life sciences.

Finding 5: “Basic” research funding is a government responsibility, and the
federal science research budget needs to be more focused on basic scientific research.

One unfortunate consequence of mergers, consolidations and the slow
recovery in the high-technology sector is that Wall Street and the invest-
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ment community generally disfavor companies that cannot show near-
term and consistent profitability. ASTRA’s industry members tell us that
the accelerating shift by industry away from pure research makes the fed-
eral government’s role in basic scientific research all the more important.

Only the federal government can afford some of the massive invest-
ment in infrastructure and equipment needed to keep U.S. science com-
petitive. And this is all the more necessary when viewed in context with
an increasingly sophisticated global research community. Unfortunately,
government’s role in basic research is lagging other types of research. Ba-
sic research now constitutes 41 percent of nondefense R&D and only 3
percent of defense R&D (see Figure 7).

Finding 6: Of all citations in UL.S. industry patents, 73 percent originate
from research conducted through publicly supported institutions (universities,
colleges, certain nonprofit research institutions)—about five citations per patent.
Paradoxically, U.S. industry performs less “directed basic research” now than in
the past, due in part to market demands for immediate profitability.

Figures 8, 9, 10, and 11, prepared by Dr. Gregory Tassey, senior
economist at the National Institute of Standards & Technology (NIST)
analyze current industry trends in basic research investment and risk
reduction over the technology life cycle and suggest possible policy op-
tions available:

Non-DOD DOD
R&D plant 4% e e g D PIEN1%
Development 23% - —
Applied research 329% Devela 5%
Basic research 41%
e - T Applied research 8%
e o %
DOC = Department of Commercs; DOE = Department of Energy; DOD = Department of Defense; HHS = Department of Health and Human Services;
NSF = National Science Foundation; NASA = National ics and Space ini i USDA = L5 D of Agri

FIGURE 7 Projected federal obligations for R&D and R&D plant, by agency and
character of work: FY 2001. Source: National Science Foundation, Science and Engi-
neering Indicators 2002.
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TRT “Sca Change” Tndex:
Member Firms' Annual Planned Investments in
Directed Basic Research

Percent Percent Sea

Planning Planning Change
Year Increase (>5%) Decrease Index
1993 14 40 =26
1994 13 39 -26
1995 ] 27 -19
1996 17 23 -6
1997 15 41 =26
1998 14 28 -14
1999 14 37 -23
2000 17 26 -9
2001 17 38 =21
2002 12 25 -13

FIGURE 8 Industrial Research Institute (IRI) member firms” annual planned in-
vestments in directed basic research. Source: IRI as reported by Gregory Tassey,
National Institute of Standards & Technology (NIST).

Risk
1
1
]
1
1
! :
.
_ ! Generic Technology) _ !

Basic Research 1 R i Applied R&D
T 1
1 ! 1

2 r Infratechnology Res:earch —

15 vears 10 years 5 years commercialization

FIGURE 9 Risk reduction over a technology life cycle. Source: Gregory Tassey,
National Institute of Standards & Technology (NIST).
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R&D Policy Options

How much R&D?

« If all manufacturing industries invested at the same rate
as the high-tech segment, this sector’s R&D would
increase from $130B to roughly $400B

« If the Federal Government spent as much on all areas of
science combined as it does just on health research, its
R&D budget would increase by roughly S11B

« One recent economic study (Jones and Williams)
estimated that national R&D should be increased by a
factor of four

FIGURE 10 Various scenarios for setting the level of federally funded R&D.
Source: Gregory Tassey, National Institute of Standards & Technology (NIST).
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FIGURE 11 Relative expenditures by phase of R&D over technology life cycle.
Source: Gregory Tassey, National Institute of Standards & Technology (NIST).
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RECOMMENDATION

A sustained, multiyear increase in science research budgets must be
undertaken immediately. ASTRA advocates a doubling of all budgets in
the physical sciences, engineering, and mathematics as a first step toward
addressing past neglect and to stanch the flow of talent out of core scien-
tific disciplines.

CONCLUSIONS

ASTRA appreciates the opportunity to review S&E funding in light of
the prolonged decline in federal investment in the physical sciences, math-
ematics, and engineering.

We firmly believe that the most critical step at this point in time is to
change the trend, fund all science agencies adequately, and develop a
long-range vision of the outcomes we as a nation need from our strong
commitment to public science. The imperative to renew this commitment
is urgent.
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Shirley M. Malcom, Director
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American Association for the Advancement of Science (AAAS)

INTRODUCTION

Founded in 1848, the American Association for the Advancement of Science
(AAAS) is the world'’s largest federation of scientific and engineering societies,
with over 270 affiliated organizations. AAAS members include more than 138,000
scientists, engineers, science educators, policymakers, and interested citizens.

AAAS seeks to “advance science and innovation throughout the
world for the benefits of all people.” To fulfill this mission, the AAAS
Board has set the following broad goals:

¢ Foster communication among scientists, engineers, and the public

¢ Enhance international cooperation in science and its applications

® Promote the responsible conduct and use of science and technology

¢ Foster education in science and technology for everyone

* Enhance the science and technology workforce and infrastructure

¢ Increase public understanding and appreciation of science and
technology

e Strengthen support for the science and technology enterprise

Although stated as a separate goal, building and maintaining a strong
U.S. science and engineering (S&E) workforce is integral to all the other
AAAS goals. Overall, these goals foster lifelong learning skills in research,
technology, ethics, communications, and international collaborations.
Through our weekly journal, Science, AAAS provides S&E professionals
with cutting-edge knowledge and research findings.

18
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Today the United States is the world leader in the global S&E enter-
prise, but other countries stand ready to challenge this economic strength.
One of the main reasons is a shortage of U.S. workers to fill S&E positions.
Technically skilled workers on H-1B visas (guest workers) are now mak-
ing up for the U.S. worker shortfall. This supply of talent could dwindle
in the near future as other nations take steps to increase their own S&E
productivity. Add to this the following:

¢ The percentage of white non-Hispanic men in the U.S. workforce is
shrinking; this population group represents the majority of the current
U.S. S&E workforce. Further educational and employment data indicate
that women, African-Americans, Hispanic Americans, American Indians,
and persons with disabilities provide an untapped reservoir of talent that
could be used to fill S&E jobs (OSTP, 2000).

e The S&E profession competes with other professions, such as law,
medicine, and business, for the “best and the brightest” (Teitelbaum, M.,
2001).

e The S&E career path is not fully understood and is often filled with
obstacles.

A well trained and supported science and technology workforce
is essential to the continued vitality of the S&E enterprise and its con-
tributions to society. To maintain the quality of that workforce over
time requires sustained efforts at all levels, including attention to
transition points along the educational and career continuum. To-
ward this end, AAAS focuses its efforts on high-quality preparation
in science, mathematics, and technology (SMT), as well as recruit-
ment and retention of students and professionals in S&E. Strategies
include involving experts and stakeholders in the development of
tools that guide educational policies, programs, and practices; devel-
opment of S&E career resources; and evaluation and research on S&E
human resources development.

LESSONS LEARNED

From studies and policy forums with scientists, educators,
policymakers, and students, AAAS staff members have identified factors,
along the educational and career continuum, that facilitate or limit pro-
gression in S&E. Factors that facilitate progression include:

¢ Taking high-intensity and high-quality SMT high school courses, in-
cluding physics, and chemistry, algebra II, and calculus (Adelman, C., 1999)



20 PAN-ORGANIZATIONAL SUMMIT

¢ Pre-college programs that include enhanced SMT courses, college
admissions test preparation, and early exposure to S&E research and ca-
reer information (Commission on the Advancement of Women and Mi-
norities in Science, Engineering and Technology Development, 2000)

® Undergraduate academic support programs and peer networks,
particularly in calculus, physics, and chemistry (Campbell, G. et al, 2000)

¢ Financial aid that reduces debt burden (Rapoport, A. 1999)

® S&E pre-graduate school bridge programs that increase enrollment
in doctoral programs (Orfield and Kurlaender, 2001).

Factors that limit progression into S&E careers include:

e K-12 educational policies, practices, and allocation of funds that
hinder implementation of high-quality K-12 SMT standards, as well as
selection of high-quality curriculum and assessment materials

¢ College admissions criteria that do not take into account all assets
of applicants (Orfield and Kurlaender, 2001)

¢ The poor quality of science and mathematics education in many
teacher preparation programs (National Center for Education and Statis-
tics)

¢ High school SMT teaching that often lacks rigor and mentoring to-
ward S&E careers

® College and university SMT teaching that often does not take into
account the learning styles of students, as well as a lack of faculty
mentoring toward S&E doctoral careers

¢ Community college SMT curricula that may not be aligned with
curricula in bachelor of science degree-granting institutions

® Undergraduate SMT curricula that may not have the depth and
breadth to prepare students for success in S&E doctoral programs

® College and university departmental policies, practices, and cul-
tures that may slow degree completion or affect the retention of all stu-
dents (especially underrepresented groups) in S&E, particularly for those
in pursuit of doctorate degrees and participation in the professoriate
(George, Yolanda, et al., 2001)

¢ Institutional policies and practices related to S&E postdoc status,
including classifications, compensation, career and professional develop-
ment, and duration of postdocs (AAU, 1998).

RECOMMENDATIONS

Given lessons learned about education and training, as well as knowl-
edge about existing programs to develop and sustain a strong U.S. S&E
workforce, AAAS urges all decision makers to coordinate and leverage
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resources to make sustainable changes in both the S&E workforce prepa-
ration and environments in which preparation and work take place. Ef-
forts to make any sustainable changes must take into account the complex
social, economic, and political forces that have combined in the past to
discourage groups such as women, African-Americans, Hispanic Ameri-
cans, American Indians, and persons with disabilities from pursuing S&E
careers.

Specifically, AAAS urges policymakers, government agencies, busi-
nesses, educational institutions, labor unions, and professional societies
to work collaboratively to support the following:

* An increase in attention, resources, and accountability related to
S&E career development in existing SMT educational reform programs.
Many initiatives are already in place to bring about structural reforms in
educational institutions that prepare and train the S&E workforce, includ-
ing reforms related to pre-college, undergraduate, and graduate educa-
tion, as well as postdoc training and the professoriate. As a part of these
reform efforts, greater attention and increased resources must be given to
career mentoring and transitions along the S&E education and career con-
tinuum, including providing career resources and high school and under-
graduate research experiences.

e Research on S&E workforce development. While there is a thrust
on research on teaching and learning, less attention is being paid to re-
search on S&E workforce development. In particular, we need to better
understand how to identify, attract, mentor, and retain talent and pro-
duce leaders in S&E (AAU, 1998). In addition, we urge increased federal
support for the National Science Foundation to continue to provide edu-
cational and employment S&E indicators that are disaggregated by race/
ethnicity and gender and disability, so critical to monitoring the state of
the S&E workforce.

¢ Talent development in all S&E disciplines. Due to the integration
of research and education in our higher-education institutions, as well as
the interdisciplinary nature of research, it is important for the federal re-
search budget to support balanced increases in all the sciences. New in-
ventions and innovations in health, defense, and technology, as well as in
other areas, are codependent on talent development in all the sciences,
including biology, chemistry, physics, mathematics, and engineering.
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Statement on Workforce Issues

Dianne Dorland, President-Elect
American Institute of Chemical Engineers (AIChE)

The American Institute of Chemical Engineers (AIChE) is pleased to
submit comments on educational and societal forces that affect the engi-
neering workforce in the United States. Our purpose today is to share
data and ideas related to chemical engineering workforce issues that are
important to potential policy development.

WHO IS AIChE?

The American Institute of Chemical Engineers, founded in 1908, is a pro-
fessional association of more than 50,000 chemical engineers worldwide.
AIChE fosters and disseminates chemical engineering knowledge, supports
the professional and personal growth of its members, and applies the exper-
tise of its members to address societal needs and improve the quality of life.

Chemical engineers are creative problem solvers who perform re-
search and develop processes and products utilizing the principles of en-
gineering, physics, chemistry, biology, and mathematics. They play key
roles in such diverse industries as energy, chemicals, biotechnology, food,
electronics, and pharmaceuticals. Chemical engineers are also leaders in
environmental health, safety, and sustainability. They endeavor to im-
prove the quality of life for people the world over.

COMMITMENT TO DIVERSITY

The AIChE Board of Directors announced the following AIChE State-
ment on Diversity in 2000 and strives to encourage the development of a
diverse profession and professional society:

23



24 PAN-ORGANIZATIONAL SUMMIT

Diversity means, on a global basis, creating an environment in the Insti-
tute and the profession in which all members, regardless of their sex, race, reli-
gion, age, physical condition, sexual orientation or nationality, are valued equi-
tably for their skills and abilities, and respected for their unique perspectives
and experiences.

The Institute has placed an emphasis on better understanding the
needs of its diverse membership and other stakeholder populations. Re-
search is being conducted in order to better serve underrepresented mi-
nority, physically challenged, and female stakeholders of the Institute.

A survey of member and nonmember populations focused on
underrepresented minority and female chemical engineers has been com-
pleted. The results of this survey are currently being evaluated and an
action plan is being developed to implement results to address the follow-
ing major areas:

¢ Review the past and present status of diversity within the Institute
and the profession, including a review of statistics describing undergradu-
ate and graduate students

¢ Assess future professional needs of chemical engineers

® Assess future professional diversity needs of the profession

¢ Recommend long- and short-term strategies to meet such needs

Here is what we know so far with respect to gender:

In light of the number of undergraduate chemical engineering de-
grees earned by women, chemical engineering is often described as a “fe-
male friendly” discipline. In 2000, 36 percent of B.S. degrees in ChemE
were awarded to women; in 1990 that statistic was 33 percent, which was
up from 29 percent in 1985.

In 1996, specific initiatives implemented by the Institute were aimed
at capitalizing on the fact that women choose chemical engineering in
unusual numbers. These initiatives were designed to ensure the entry,
retention, and full participation of women within the profession.

One such initiative, a Women’'s Initiatives Committee, was estab-
lished in 1997 as a standing committee of the Institute. This group pre-
sents relevant programming at national meetings, hosts networking lun-
cheons and receptions for women chemical engineers, sponsors career
sessions during the Annual Student Conference, and maintains a listserv
and Web site for cross talk among women engineers. The Committee
serves as a vital representative of women’s concerns within the Insti-
tute. It has provided leaders for highly visible volunteer assignments
within the organization. Additional programs and assessments will con-
tinue to be conducted. For example, in collaboration with the Commit-
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FIGURE1 Number of B.S.ChE degrees by year by ethnicity. Source: Data from the
National Action Council for Minorities in Engineering, (NACME).

tee on the Advancement of Women Chemists (COACh), AIChE is host-
ing specialized advanced training for women university faculty at each
annual meeting.

Although data on other segments are still being analyzed, the num-
bers are not as encouraging for minority chemical engineers. As can be
seen in Figure 1, increases in the number of African-American and His-
panic chemical engineering graduates have been recorded since 1990, but
the relative numbers are still very low.

TRENDS IN INDUSTRY

Trends in industry are occurring that significantly affect the employ-
ment of chemical engineers. Mergers, acquisitions, and globalization con-
tinue to have a considerable impact on the opportunities for the workforce
in the traditional chemical processing industry. For example, many chemi-
cal engineers working in areas of technology development have had their
jobs eliminated. The 2002 AIChE Salary Survey demonstrates that there is
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TABLE 1 Unemployment Rates for Engineering Disciplines

Field 2001 Annual (%) 2002 Q2 (%)
All engineers 2.3 4.0
Aerospace engineers 2.1 52
Chemical engineers 3.8 5.1
Civil engineers 1.1 1.6
Electrical engineers 2.0 4.8
Mechanical engineers 2.6 3.7

Source: Bureau of Labor Statistics (unpublished) compiled by the Institute of Electrical and
Electronics Engineers (IEEE-USA).

now less optimism among chemical engineers for advancement and job
security.

Changes in opportunities for chemical engineers are occurring. New
graduates are moving toward life sciences and business industries, and flat-
ter organizations are eliminating promotional and management tracks. Fur-
thermore, the unemployment rate of new graduates is beginning to rise.

Bureau of Labor Statistics (BLS) data for the various engineering dis-
ciplines are described in Table 1. As you can see, unemployment rates for
chemical engineers, along with aerospace engineers and electrical engi-
neers, are worse than the other engineering disciplines. Please note, how-
ever, that these BLS numbers are projected based on surveys, not on ac-
tual unemployment filings, and that sample sizes are relatively small
when broken out for the disciplines.

The chemical engineering workforce is aging, and our recent salary and
employment survey indicates that it is taking longer for older workers to
return to the workforce, and that those in older age groups are more likely
to be under- or unemployed. Compared to those age 45 or younger, under/
unemployment is about twice as likely for those ages 50-55, four times as
likely for those ages 56-60, and seven times as likely for those ages 61-65.

Issues such as how to retrain workers and the role of the government,
universities, and professional societies in helping older workers are im-
portant to consider.

WHAT CAN BE DONE?

Bringing more women and underrepresented minorities into the pro-
fession and maintaining opportunities for older workers will help to en-
sure an adequate workforce. Promoting greater diversity within the pro-
fession requires a consistent, long-term effort focused on the education,
recruitment, retention, and advancement of all groups. This approach re-
quires the combined participation of businesses, government, professional
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societies, and the education community. AIChE will continue to address
the promotion and education of a diverse workforce.

AIChE supports public and private programs that improve the sci-
ence and mathematics achievements of the nation’s pre-college students
and motivates them—with special attention to women and minorities—
to pursue engineering and scientific careers. Challenging young chil-
dren with high-quality math and science programs will motivate them
to learn and will provide the opportunity to pursue high-wage engi-
neering careers.

AIChE encourages the interaction of engineering colleges, industry,
national laboratories, and federal agencies, including the National Science
Foundation (NSF). For example, in an effort to raise the public’s aware-
ness of the engineering profession and the specific roles that women and
minorities play in it, AIChE along with Girl Scouts, USA, developed engi-
neering kits to be used in conjunction with Girl Scout troops.

To help encourage the understanding of engineering at the high
school level AIChE, in partnership with NSF and others, is developing a
new high school chemistry curriculum, “Active Chemistry,” which pre-
sents sciences in the context of open-ended challenges. Engineering ap-
proaches and problem solving are the key to this new curriculum, which
also includes challenges related to using science and engineering to ad-
dress sustainable development issues of providing adequate food and
water for our world’s population.

AIChE encourages policy that will help fund innovative programs
such as these and will help provide for the continuing education of our
workforce.

We respectfully submit the following options for consideration and
study:

¢ Continued establishment of public-private partnerships to ensure
equality of opportunity and diversity in mathematics, science, and engi-
neering at all levels. These partnerships would involve government, in-
dustry, relevant associations, and individuals.

¢ Increased funding of the NSF Math and Science Partnerships
Initiative. The Partnerships bring local school districts, university de-
partments of math and science, engineering schools, and other inter-
ested parties together. The focus of the Partnerships Initiative is on
both the teachers and the students, with an emphasis placed on en-
couraging younger students to pursue their interests in science and
mathematics.

¢ Additional studies on retraining displaced workers to reenter the
workforce are merited. Moreover, employer understanding of the port-
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ability of engineering skills transferable among various industry sectors
should also be studied.

In conclusion, AIChE looks forward to developing programs that en-
sure a well-educated engineering workforce that is broadly utilized as we
seek to address world problems.



The Physics-Educated Workforce

James Stith and Roman Czujko
American Institute of Physics (AIP)

INTRODUCTION

The science and engineering workforce is essential to technological
innovation, which in turn drives economic development and enables ad-
vances in national security, medicine, education, transportation, energy,
and other components of the standard of living in the United States. Phys-
ics-educated workers are a critical part of the S&E workforce.

This paper will not attempt to address all aspects of the physics-edu-
cated workforce, such as the role of physics in the scientific literacy of the
general public or the contributions of the experienced physics workforce.
Instead, this paper focuses on physics undergraduate education and the
central role it plays in preparing the S&E workforce.

PHYSICS UNDERGRADUATE EDUCATION

What are we trying to accomplish? In general, an undergraduate de-
gree in physics encompasses four general goals: knowledge of the disci-
pline, cognitive skills, technical skills, and traits important for a good sci-
entist.

Knowledge of physics is, obviously, a defining characteristic of a
physics education. However, it is not the only defining characteristic.
Physics students develop cognitive skills such as critical thinking, analyti-
cal thinking, and problem solving, including how to identify the set of
likely solutions from the universe of possible solutions to a problem. In
addition, physics students acquire a variety of technical skills, often
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through undergraduate research experiences. These can include advanced
mathematics, modeling and simulations, use of computer hardware, and
the ability to manipulate sophisticated lab equipment. Finally, a physics
education helps students develop traits that are important for good scien-
tists such as being meticulous, hard working, and tenacious.

It should, of course, be noted that the above are general goals. Under-
graduate education is not a single, unified system. It consists of thousands of
students earning bachelor’s degrees from nearly 770 physics departments.
Thus, individual physics students develop different profiles of the knowl-
edge and skills that we commonly associate with a physics education.

Role of physics in undergraduate education

Physics is a comparatively small field. During academic year 2000-
2001, nearly 4,100 physics bachelors were awarded. That same year, over
1.2 million bachelor’s degrees were awarded across all fields in the United
States. Thus, out of every 1,000 bachelor’s degrees awarded each year,
only about 3.4 are in physics.

Beyond the number of bachelor’s degrees awarded, physics also plays
an important role in higher education more generally. By way of example,
900,000 students took physics in high schools in academic year 2000, and
about a half million students took introductory-level physics in 4- and 2-
year colleges. Clearly, physics plays an essential role in the education of
engineering and physical science majors, most of whom are required to
take several physics courses. However, the impact of physics is even
broader. By way of example, recent studies by the U.S. Department of
Education indicate that most bachelor’s degree recipients in the United
States have taken physics in high school, college, or both.

What do physics bachelors do?

Physics bachelors commonly pursue remarkably diverse educational
and career paths. There are three predominant paths immediately pursu-
ant to obtaining the bachelor’s degree: attend graduate school in physics
(32 percent), attend graduate school in other fields (20 percent), and enter
the workforce (48 percent). These are general trends, although they differ
by type of institution that physics students attend. For example, physics
bachelors who earned their degrees from a department with a graduate
program are more likely to pursue advanced degrees in physics than are
those who earned their bachelor’s from an undergraduate institution.
Also, the rates fluctuate slightly, in part, in response to perceived oppor-
tunities and economic conditions. In addition, the first few years post-
bachelor’s degree are characterized by change. Thus, within seven years,
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two-thirds of physics bachelors have earned an advanced degree or are
full-time students pursuing an advanced degree.

A physics education has value as a foundation from which people can
react to changes in demand. However, the diversity of educational and
career paths is neither a recent phenomenon nor simply a reaction to eco-
nomic conditions. It also reflects the varied interests of physics bachelor’s
degree recipients. One indicator of these varied interests is the fact that
over one third of physics bachelors graduate with two bachelor’s degrees.
The other degree is typically in mathematics, engineering, or one of the
physical sciences, but a broader spectrum is also common, including life
sciences, philosophy, education, history, music, anthropology, psychol-
ogy, etc.

In summary, a physics education is not monolithic; it prepares stu-
dents for more than a narrow set of careers. Similarly, physics students
are not homogeneous. They have varied interests, and their physics edu-
cation provides them with the knowledge and skills to pursue a broad
range of educational and career paths.

The job market for physics bachelors

Most physics bachelors who enter the workforce find employment in
the private sector. However, unlike in the fields of chemistry and engi-
neering, there is no physics industry. Nevertheless, about 85 percent of
physics bachelors find employment within the science and engineering
enterprise. This rate varies by a few percentage points depending upon
economic conditions. About half of those students who work outside of
the technical workforce report that their decisions were based on a change
in interests and personal preferences.

The dominant types of technical positions vary depending on eco-
nomic conditions and the contemporary demands of the workforce. Engi-
neering and technical positions often predominate, but during the
Internet-driven economy of the late 1990s, software-related positions
dominated. As is described in The Early Careers of Physics Bachelors (Ivie
and Stowe, 2002), the knowledge and skills that physics bachelors possess
allow them to react to changes in demand.

PHYSICS GRADUATE STUDY

An undergraduate education in physics uniquely prepares students
for graduate study in physics. Historically, about one third of physics
bachelors go to graduate school in physics. However, only one in six phys-
ics bachelors earn a Ph.D. in physics. Some students leave programs be-
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fore earning their Ph.D.’s, and others directly enter programs that offer a
master’s as the highest degree.

Ph.D. physicists play important roles throughout the economy. On
average, physics Ph.D.’s spend 38 years in the workforce. They enter the
workforce with a unique profile of knowledge, skills, and interests, which
change and evolve over time. Some add to the knowledge base through
basic research, some teach, some create innovation, and others react to the
constantly changing opportunities in the workforce.

Physics master’s degree recipients participate in the economy in ways
that are qualitatively different from either physics bachelors or physics
Ph.D.’s. There has been a growing interest in many sectors of the economy
for employees with a master’s-level background. Simultaneously, in part
due to the efforts of the Alfred P. Sloan Foundation, there has been a recent
increase in the number of professional master’s degree programs. Profes-
sional master’s degree programs are intended to provide the knowledge
base that individuals will be able to draw upon during their decades in the
labor force combined with a set of educational experiences that have direct
and immediate relevance to the contemporary needs of the workforce.

OTHER GRADUATE STUDY

About one-third of physics bachelors use their undergraduate educa-
tion as a base for pursuing advanced degrees in other fields. In fact, more
physics bachelors earn master’s degrees in other fields than earn a
master’s in physics. Many earn master’s degrees in engineering, but a
broad spectrum of fields is common, including other physical sciences,
business, and education. Some earn Ph.D.’s in chemistry, materials sci-
ence, or engineering and related fields, and a few go on to earn profes-
sional degrees such as M.D.’s.

Where these individuals work and what they do are related to both
the level of their highest degree and the field of degree. While occupa-
tional diversity persists, physics bachelors who earn advanced degrees in
other fields report that their undergraduate physics education has endur-
ing value. The vast majority note that their undergraduate physics knowl-
edge and analytical and problem-solving skills had a dramatic and posi-
tive effect on their subsequent educational and career choices.

SUPPLY VERSUS DEMAND

One of the underlying issues that this conference is intended to ad-
dress is the relationship between supply and demand. In our particular
case, how many physics bachelors are in demand? How do we know how
many physics-educated workers the United States needs? These are im-
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portant questions and, as is often the case, the most important questions
can be the most difficult to answer.

While we have had modest success projecting degree production sev-
eral years into the future, none of us has succeeded in projecting future
demand. In part, this is because demand is affected by economic and po-
litical events in both national and international arenas. In part, demand is
difficult to project because it is not discipline-specific but, rather, reflects a
complex system. Degree recipients from a specific field change their field
of work with time and changing opportunities and interests. Conversely,
changes in demand draw people at different experience levels. Even when
the demand is focused largely in a specific area, it is seldom exclusively in
one narrow disciple. By way of example, if the personal computer revolu-
tion of 1980 were dependent on discipline-specific degree production, it
may not have occurred until 1985 or later. It occurred when it did because
the economy had computer scientists, physicists, electrical engineers, ma-
terials scientists, etc. who had the knowledge and skills to create the inno-
vations or were in a position to take advantage of those opportunities.

CONCLUDING REMARKS

Undergraduate study in physics is not just preparation for a Ph.D.
Physics graduate study is an important choice, and an undergraduate
physics education is an essential preparation for those who pursue this
option. However, they are in the minority of all physics bachelors. De-
partments need to be aware of the varied educational and career paths
pursued by their graduates and to develop curricular offerings that ad-
dress their students’ needs. However, this is not unique to physics. The
kinds of knowledge, skills, and educational experiences that are useful to
physics graduates are also useful to physical scientists and engineers.

The authors of this paper do not believe it is appropriate for them to
state whether the nation needs 4,000, 6,000, or 8,000 physics bachelors
each year. Rather the number of physics bachelor’s degrees awarded na-
tionally should be driven by informed decisions made locally by indi-
vidual physics departments. It is the responsibility of each department to
assess both whether its graduates are well prepared to pursue their career
goals and whether the number of graduates it produces matches the de-
mands of the workforce and of graduate programs in both physics and
related fields.

RECOMMENDATIONS

® Leverage the traditional strengths of physics
¢ Link physics education to student goals and expectations
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® Develop a feedback loop between physics education and workforce
needs

¢ Focus on the professional development of students

e Strengthen the connection between physics and society

Historically, undergraduate physics education has served students
and the nation well. However, as knowledge, technology, and the chal-
lenges facing the United States continue to evolve, it is time for physics
departments to examine whether their curricula are meeting the goals and
expectations of contemporary students as well as addressing the demands
and opportunities in the S&E workforce.

At the present time, this vital feedback loop is inadequate in most
departments. Each department should track its own graduates as one way
of ensuring that the curriculum it provides is meeting the needs of its
students. In addition, each department should develop connections with
the employers of its graduates. If most of a department’s graduates enter
the workforce, then that department should contact those employers to
learn how prepared its graduates were for their positions. Similarly, a
department whose bachelors tend to enter graduate programs should
open a dialogue with those departments to learn how well prepared its
graduates were for advanced study.

Master’s degree recipients have value and satisfy a unique need
within the economy. They fill positions that are qualitatively different
from those filled by either bachelors or Ph.D.’s. Thus their preparation
should be different from that of a Ph.D. program. The recent emphasis on
professional master’s degree programs is timely and has a great deal of
promise. Physics departments are encouraged to examine whether such
programs would build on their strengths and help them address the op-
portunities available to the physics-educated workforce.



Foreign Scientists Seen Essential to
U.S. Biotechnology

Stephen Dahms
American Society for Biochemistry and
Molecular Biology (ASBMB)

The scarcity of skilled technicians is seen by the biotechnology indus-
try in the U.S. and Canada as one of its most serious challenges. The suc-
cess of this industry is dependent on the quality of its workforce, and the
skills and talents of highly trained people are recognized as one of the
most vital and dynamic sources of competitive advantage.

The U.S. biotechnology industry workforce has been growing 14 to 17
percent annually over the last six years and is now over 190,000 and con-
servatively estimated to reach 500,000 by 2012. Despite efforts by the in-
dustry to encourage U.S. institutions to increase the production of needed
specialists, a continual shortfall in the needed expertise requires access to
foreign workers. Foreign workers with unique skills that are scarce in the
U.S. can get permission to stay in the U.S. for up to six years under the H-
1B classification, after which they can apply for permanent resident sta-
tus. There are currently over 600,000 foreign workers in this category
across all industries, and they are critical to the success and global com-
petitiveness of this nation. Of these H-1B visa holders, 46 percent are from
India and 10 percent are from China, followed in descending order by
Canada, Philippines, Taiwan, Korea, Japan, U.K., Pakistan, and the Rus-
sian Federation.

Our annual national surveys have demonstrated that between 6 and 10
percent of the biotechnology workforce have H-1B visas. The constant short-
fall in specialized technical workers that has been experienced by the bio-
technology industry over the past six years has been partially alleviated by
access to talented individuals from other nations. However, the industry’s
need is sufficient to justify a 25 percent increase in H-1Bs in 2004.
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Biotechnology industry H-1B visa holders are mainly in highly sought
after areas such as analytical chemistry, instrumentation specialization,
organic synthesis, product safety and surveillance, clinical research/bio-
statistics, bio/pharm quality, medicinal chemistry, product scale-up,
bioinformatics and applied genomics, computer science, cheminformatics,
pharmacokinetics, and pharmacodynamics.

Forty percent of H-1B foreign workers are at the Ph.D. level, 35 per-
cent M.S., 20 percent B.S., and 5 percent M.D. In comparison, the U.S.
biotechnology industry technical workforce is estimated to be 19 percent
Ph.D., 17 percent M.S., 50 percent B.S., and 14 percent combined voc-ed/
community college trained. These and other survey data by industry hu-
man resource groups clearly show that the H-1B worker skills match the
most pressing employment needs of the biotechnology industry. The data
demonstrate that maintaining a reasonably-sized H-1B cap is critical to
the industry. Although the national annual H-1B visa cap was raised from
115,000 to 195,000 in the 106th Congress via S. 2045, the cap has already
been exceeded. The increased cap remains in effect until 2003 and efforts
are under way to ensure that it remains high.

The Third Annual National Survey of H-1Bs in the biotechnology in-
dustry found that 80 percent are from U.S. universities, and 85 percent of
those eventually get green cards. Companies now spend, on average,
$10,200 in processing fees and legal expenses to obtain each green card, an
estimated cost to the industry of more than $150 million over the past 5
years.

In the wake of the 9/11 World Trade Center attacks, debate has been
focused on more restrictions on foreign students, a development that
would have a severe impact upon the competitiveness of the U.S. biotech-
nology industry. Clearly, the H-1B route provides a temporary solution to
shortages in the national and domestic biotechnology labor pools, short-
ages mirroring the inadequate production of appropriately trained U.S.
nationals by U.S. institutions of higher learning. The reality is that univer-
sities have inadequate resources for expanding the training pipeline, par-
ticularly in the specialized areas of the research phase of company prod-
uct development. Efforts should be directed toward influencing greater
congressional and federal agency attention to these important topics.

The author of this article, A. Stephen Dahms, is executive director of the Califor-
nia State University System Biotechnology Program (CSUPERB); chair of the
Workforce Committee, Biotechnology Industry Organization; and a member of
the ASBMB Education and Professional Development Committee. Statistical data
are from surveys conducted by CSUPERB, as an activity of the Biotechnology
Industry Organization’s Workforce Committee; and for Canada, from Statistics
Canada.



Academic Prerequisites for Licensure
and Professional Practice

Thomas Lenox, Senior Managing Director of Education,
Geographic Services, & Diversity
American Society of Civil Engineers (ASCE)

POLICY

The American Society of Civil Engineers (ASCE) supports the concept
of the master’s degree or equivalent as a prerequisite for licensure and the
practice of civil engineering at a professional level.

ASCE encourages institutions of higher education, governmental
units, employers, civil engineers, and other appropriate organizations to
endorse, support, and promote the concept of mandatory postbaccalau-
reate education for the practice of civil engineering at a professional level.
The implementation of this effort should occur through establishing ap-
propriate curricula in the formal education experience, appropriate rec-
ognition and compensation in the workplace, and congruent standards
for licensure.

ISSUE

The practice of civil engineering at the professional level means prac-
tice as a licensed professional engineer. Admission to the practice of civil
engineering at the professional level means professional engineering li-
censing, which requires:

* Abody of specialized knowledge as reflected by a combination of a
baccalaureate degree and a master’s or equivalent

* Appropriate experience

¢ Commitment to lifelong learning
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The required body of specialized knowledge includes a technical core,
technical electives, a nontechnical core, and technical and nontechnical
courses to support individual career objectives. The current baccalaureate
civil engineering degree is an entry-level degree that may no longer be
adequate preparation for the practice of civil engineering at the profes-
sional level.

The civil engineering profession is undergoing significant, rapid, and
revolutionary changes that have increased the body of knowledge re-
quired of the profession. These changes include the following:

® Globalization has challenged the worldwide geographic bound-
aries normally recognized in the past, primarily as a result of enhanced
communication systems.

® Information technology has made, and continues to make, more
information available; however, the analysis and application of this infor-
mation is becoming more challenging.

¢ The diversity of society is challenging our traditional views and
people skills.

* New technologies in engineering and construction are emerging at
an accelerating rate.

¢ Enhanced public awareness of technical issues is creating more in-
formed inquiry by the public of the technical, environmental, societal,
political, legal, aesthetic, and financial implications of engineering
projects.

e Civil infrastructure systems within the United States are rapidly
changing from decades of development and operation to the renewal,
maintenance, and improvement of these systems.

These changes have created a market requiring civil engineers to have
simultaneously greater breadth of capability and specialized technical
competence than that required of previous generations. For example,
many civil engineers must increasingly assume a different primary role
from that of designer to that of team leader. The knowledge required to
support this new market is found in the combination of an appropriate
baccalaureate education and the completion of postgraduate courses suf-
ficient to attain a master’s degree or its equivalent.

RATIONALE

Requiring education beyond the baccalaureate degree for the practice
of civil engineering at the professional level is consistent with other
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learned professions. The body of knowledge gained and the skills devel-
oped in the formal civil engineering education process are not significantly
less than the comparable knowledge and skills required in these other
professions. It is not reasonable in such complex and rapidly changing
times to think that we can impart the specialized body of knowledge and
skills required of professional engineers in 4 years of formal schooling
while other learned professions take 7 or 8 years. Four years of formal
schooling were considered the standard for three professions (medicine,
law, and engineering) 100 years ago, and, whereas medicine and law edu-
cation lengthened with the growing demands of their respective profes-
sions, engineering education did not. Perhaps this retention of a 4-year
undergraduate engineering education has contributed to the lowered es-
teem of engineering in the eyes of society, and the commensurate decline
in compensation of engineers relative to medical doctors and lawyers.

Current baccalaureate programs, while constantly undergoing review
and revisions, still retain a nominal 4-year education process. This length
of time limits the ability of these programs to provide a formal education
consistent with the increasing demands of the practice of civil engineer-
ing at the professional level. There are diametrically opposed forces try-
ing to squeeze more content into the baccalaureate curriculum while at
the same time reducing the credit hours necessary for the baccalaureate
degree. The result is a production-line baccalaureate civil engineering
(BSCE) degree that is satisfactory for an entry-level position but which
may be inadequate for the professional practice of civil engineering. The
4-year internship period (engineer-in-training) after receipt of the BSCE
degree cannot make up for the formal educational material that would be
gained from a master’s degree or equivalent program.

This concept will not be implemented overnight. Although ASCE can-
not mandate that it be done in a specified time period or manner, ASCE
will be an active partner with other groups and organizations to institute
this policy. The ultimate full implementation may not occur for 20 or more
years. Appropriate grandfathering for existing registered and degreed
engineers would be a part of the implementation process. This concept is
a legacy for future generations of civil engineers. However, perhaps the
most important aspect of the implementation of this policy is already in
place. Within the U.S. system of higher education, high-quality, innova-
tive, and diverse master’s degree programs currently exist in colleges and
universities to support this concept. A growing number of organizations
now offer high-quality on-site and distance learning educational oppor-
tunities. The active support of this policy by all of the stakeholders in this
process, such as the educational institutions, the registration boards, and
the various employers of civil engineers, will be required to develop and
promote the elements necessary to eventually implement this concept.



Engineering Education and the
Science and Engineering Workforce

David Wormley, Dean of Engineering
Pennsylvania State University
Chair, Engineering Deans Council
American Society for Engineering Education (ASEE)

ENGINEERING EDUCATION AND THE NATIONAL INTEREST

A vibrant engineering education enterprise benefits civic, economic,
and intellectual activity in this country. Engineering graduates learn to
integrate scientific and engineering principles to develop products and
processes that contribute to economic growth, advances in medical care,
enhanced national security systems, ecologically sound resource manage-
ment, and many other beneficial areas. As a result, students who graduate
with engineering degrees bring highly prized skills into a wide spectrum
of sectors in the American workforce. Some conduct research that results
in socially or economically valuable technological applications. Others
produce and manage the technological innovations said to account for
one third to one half of growth in the American economy. Still more bring
advanced analytical abilities and knowledge of high technology to fields
as diverse as health care, financial services, law, and government. Within
all of these groups, the diversity of engineering graduates’ backgrounds
and viewpoints contributes to their ability to achieve the advances in in-
novation, productivity, and effectiveness that make them valuable con-
tributors to the American workplace.

THE IMPORTANCE OF TECHNICAL COMPETENCIES

At a time when technological innovations are intrinsically coupled
with virtually every aspect of society, it is imperative to develop a scien-
tific and technically literate society. However, broad indicators of short-
comings in developing technical competencies within the U.S. population
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at large indicate the scale of the challenge at hand. In 2001, companies
spent over $57 billion on training, much of which paid for workers’ train-
ing in basic skills that should have been learned in school.! Meanwhile,
the United States’ poor performance in teaching math and science—shown
in results from the Third International Mathematics and Science Study
and the National Assessment of Educational Progress—eliminates many
of the best and brightest schoolchildren from the ranks of future scientists
and engineers. With little chance to learn in school how science and math
skills might translate into professionally useful knowledge, students are
unable to make informed choices about further education and work op-
tions. As a result, some unprepared students undertake science and engi-
neering studies in college, only to drop out; other, potentially capable,
students never consider these subjects in the first place. In both cases,
precious human and institutional resources are squandered.

An increasingly large share of the workforce consists of women and
minorities. The 2000 report of the Commission on the Advancement of
Women & Minorities in Science, Engineering, and Technology notes that,
although African-Americans and Hispanics represent 3 percent each of
the technical workforce, they are each 15 percent of the school-age popu-
lation. Demographic projections only reinforce this point: by 2035, these
students will rise from about 30 percent to nearly 50 percent of the nation’s
schoolchildren.? Twenty years of improvements in math and science
achievement have brought girls near parity with boys on National As-
sessment of Educational Progress tests. However, as they move through
middle and high school, girls” interest in math and science wanes, as
teacher, parent, peer, and media influences work in complex, often un-
conscious, ways to discourage their pursuit of these subjects. As a result,
women represent only 19 percent of the technical workforce, although
they represent 46 percent of all American workers. Success in encourag-
ing and retaining women and underrepresented minorities throughout
their pre-college, college, and postgraduate years must be a core compo-
nent of enhancing the U.S. science and engineering workforce.

A curriculum framework based on connecting science and mathemat-
ics to the world around them can also impart habits of mind to students
that yield benefits beyond workplace productivity and career advance-
ment. At the simplest level, the imperatives of good citizenship increas-
ingly require acquaintance with fundamental principles of scientific
knowledge. Taking a problem-based approach to learning, engineering

1Training Magazine, “Industry Report 2001,” Minneapolis: Bil Communications.

2Commission on the Advancement of Women and Minorities in Science, Engineering and
Technology Development (2000). Land of Plenty: Diversity as America’s Competitive Edge in
Science and Technology.
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education asks students to integrate knowledge and practices from the
sciences, economics, language, and creative arts. Thus, elements of sci-
ence and engineering education are important contributors to developing
fully literate citizens.

ENGINEERING EDUCATION DEMOGRAPHICS?

In 2001, just over 65,000 students earned engineering bachelor’s de-
grees. While this is almost 3,000 more than in 1999, the total represents a
decrease from the mid-1980s, when about 85,000 students a year gradu-
ated with engineering degrees. Nearly 386,000 students were enrolled in
undergraduate engineering programs last year; however, the national at-
trition rate is high, and at least 40 percent of students who start engineer-
ing programs do not finish them.

Graduate enrollments increased approximately 5 percent in 2001, with
approximately 79,000 master’s degree students and 41,500 doctoral stu-
dents. Within these groups, 43 percent of master’s degrees and 54 percent
of doctorates were awarded to foreign-born students, and these trends have
been increasing. Meanwhile, U.S. engineering graduates incur near-term
financial penalties for choosing grad school—with its modest stipends and
delayed rewards—over immediate employment at some of the highest sal-
ary levels among college graduates. Foreign-born students bring a wealth
of diversity and energy to U.S. campuses, but they also have an increasing
inclination to return to their home countries after graduating, taking with
them expertise and potential achievement that would otherwise enhance
the strength of the U. S. science and engineering workforce.

In 2001, 19.9 percent of bachelor’s degrees in engineering were
awarded to women, 5.3 percent to African-Americans and 6.4 percent to
Hispanics. For women and African-Americans, these percentages repre-
sent slight but perceptible decreases from recent years. And indeed,
when understood in the context of recent increases in overall under-
graduate enrollments, these dwindling percentages indicate even more
clearly that engineering is failing to attract the diversity of students
needed to draw on the full extent of abilities available in an increasingly
diverse American society.

Engineering programs’ faculties have comparably low representations
of women and underserved minorities. Women make up about 9 percent of
tenured and tenure-track faculty members, although they account for 17.5
percent of assistant professors. African-Americans and Hispanics make up
less than 3 percent of tenured and tenure-track faculties, although they also

3American Society for Engineering Education (2001). Profiles of Engineering and Engineering
Colleges. Washington, DC.
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represent a higher percentage of the entry faculty levels. If women and mi-
nority faculty continue to increase at the entry levels, their presence could
increase in the future. In light of the trends in undergraduate enrollments,
however, such increases might not be sustainable because the pool of fu-
ture women and minority faculty members is currently decreasing.

These statistics suggest that efforts to expand the reach of engineering
education to the entire spectrum of American society have not succeeded.
In spite of the growing importance of technology-related activities to
American life in the 21st century, the number of U.S. students pursuing
studies and work in technical fields is not increasing proportionally, par-
ticularly at the graduate level. For the United States to retain a position of
global leadership in these fields, these trends must be reversed.

LESSONS LEARNED

In formulating responses to the challenges described here, engineering
educators have taken as a guiding principle the need to attract better-prepared
students into engineering programs and to provide them with an education
that increasingly helps them meet their personal and professional goals.

The Need to Partner with K-12

The failure to prepare K-12 students with the knowledge they need to
make an informed choice about pursuing a career in a scientific or techni-
cal area requires significantly increased cooperation between science and
engineering professionals and K-12 teachers and students. We need to
engage vigorously and collectively to help teachers develop new curricula
and to help students understand the ways in which careers in science and
engineering help society.

The Need to Reform Engineering Education

Recent changes in the practice of engineering education span the con-
tent of the curriculum, the organizational and operational principles of
engineering education programs, and the opportunities for learning avail-
able in the field. This reform in engineering education has been dramatic—
perhaps matched only by the development of science-based engineering
education in the 1950s—and continues to occur not only in higher educa-
tion but also in the K-12 arena. Codified in the Accreditation Board for
Engineering and Technology (ABET) Engineering Criteria 2000, new ap-
proaches to engineering accreditation require engineering programs to
incorporate critical professional skills and content into their curricula and
to strive for adaptability and accountability to their constituencies in their
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operations and principles. In line with this trend, engineering educators
have significantly revised the ways in which they assess the effectiveness
of their own programs. Previously, engineering education assessment con-
sisted largely in monitoring schools” adherence to a fairly uniform cur-
riculum. Reform in engineering education assessment now holds schools
to a standard of continuous self-improvement, encouraging schools to
develop rigorous practices for defining educational missions and demon-
strating results that show fulfillment of these missions.

In addition to the fundamental science and engineering content, in-
creasingly important elements in the engineering curriculum are effective
communications, working in teams, and organizational management. Rec-
ognizing that new technologies drive so much economic growth, more
and more engineering educators are teaching entrepreneurship to stu-
dents, many of whom will provide the technical know-how for new com-
panies and innovative products to come. And in an effort to stem the tide
of attrition among engineering students, colleges increasingly provide
substantive, hands-on design and engineering content in freshman
courses emphasizing the creative aspects of engineering. This marks a
change from the traditional engineering curriculum that puts students
through rigorous training in mathematics and science before providing a
context for the engineering process.

Engineering programs are evolving to make available opportunities
to pursue diverse areas of study that match the rapid pace of discovery
and innovation in science and engineering, many of which are interdisci-
plinary. Advances in understanding and manipulating the mechanics of
molecular and atomic activity have created new realms for engineering
education and research. Significant new programs in bioengineering and
nanotechnology have been initiated at many schools, drawing rapidly
growing numbers of students.

RECOMMENDATIONS

Many engineering educators have devoted significant effort to chang-
ing the way we recruit and support our students so that as many students
as possible from as many different American neighborhoods as possible
have a chance to pursue a scientific or engineering career. Some general
recommendations, based on this experience, follow.

K-12 Engineering Education

Starting at least in middle school, and preferably earlier, schoolchil-
dren need exposure to engineering concepts and applications. Existing
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pre-college mathematics and science curricula can, in most cases, accom-
modate content related to engineering without departing from standards-
driven educational imperatives. The significant number of highly success-
ful engineering education outreach programs to K-12 classrooms across
the country show that this is possible. Pre-college engineering education
offers a vehicle for applying mathematics and science to students’ real-
world experiences, for developing a sense of the creative aspects of engi-
neering, and for showing how working in teams contributes to achieving
goals. Equipped with both a sense of how mathematics and science re-
lates to their lives and an understanding of the creative aspects of engi-
neering, high school graduates will be better able to make informed
choices about studying engineering and other technical fields.

Reducing Attrition in Higher Education

Attrition among students who start out in engineering education pro-
grams results from various factors. One force behind the high attrition
rates in the study of engineering is the lack of preparation in technical
fields that high school graduates have when entering college. Students
enter engineering programs without either sufficient preparation in math
and science or a comprehensive grasp of what a career in engineering
entails. As a result, they face stark academic challenges in their first year
of college, which they must bear without a clear sense of how their stud-
ies relate to their future profession.

The task of attracting and retaining a diverse student body is influ-
enced by the climate that students encounter in engineering programs.
For women and minorities, the presence of role models and mentors on
the faculty often increases these students’ abilities to imagine themselves
continuing and succeeding in the field. In addition, active peer support
networks provide a community of fellow students with whom they can
share their trials and successes. Increased effort is needed to create envi-
ronments that combine intellectual stimulation with opportunities for so-
cial and personal growth to help the broadest range of students become
successful in and committed to engineering.

Engineering education needs to accelerate the pace of ref