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Globalization and 
Engineering

Globalization is not a new
phenomenon.  Carthage,
Rome, the Ottomans, sev-
eral European powers, and
mercantile city-states had
multicontinental trading
networks made possible by a
combination of economic
power, military power, and
the latest technology.  At
certain stages in their history,
they all outsourced elements
of production, education,
and even armies.  Eventually,

however, these globalizations collapsed, often because of
the political and economic consequences of war.

The globalization we are experiencing today is
unprecedented in its magnitude and reach.  The whole
world has become a market for the economies of many
countries, and globalization is transforming not only the
location and organization of production and services,
but also social and economic patterns.  The long-term
consequences are still unfathomable, and the debate
rages on, not only in the United States, but also in
Europe and elsewhere.  In our country, there are grow-
ing concerns about the impact of globalization on our
technological prowess, the long-term maintenance of
our manufacturing capability as critical technological
skills migrate abroad, our energy supplies, our research
capacity, and our ability to stay on the cutting edge of
engineering and science, which is essential to preserving
our strength and freedom.

These concerns are aggravated by the anemic pro-
duction of engineers in the United States, where enroll-
ments in engineering colleges have remained practically
static for the past 20 years.  The 70,000 or so engineers
we graduate each year, including foreign students, rep-
resent a decreasing percentage of the worldwide total.
Even if 70,000 seems to be in balance with job opportu-
nities at this moment, it is worrisome that less than 
5 percent of U.S. college students go into engineering,
far fewer than the 12 percent in Europe and the 40 per-
cent in China.  While other countries are setting very

high targets for the number of engineering Ph.D.’s as a
key to future success, the number in the United States
has increased very little.  Combined with similar
declines in the sciences, the United States is becoming
less technologically literate, although the country is
bound to depend more and more on science and tech-
nology for its future security, prosperity, and health.  

Clearly, for the United States to hold its own in tech-
nology and prosper in a globalized world, we must
rethink engineering education and make it more attrac-
tive to young Americans.  We must also develop a far-
sighted science and technology policy and rethink our
funding priorities for R&D in the physical sciences and
engineering.Dissipating the fog and uncertainties of
globalization and taking advantage of the opportunities
created by globalization will require cool heads and
realistic assessments, rather than knee-jerk reactions.
We are moving into uncharted territory, and time is not
on our side.  But we are becoming aware of what needs
to be done.

The NAE Engineer of 2020 Project, which has pro-
duced two studies on the skills U.S. engineers will need
in 2020, is an important first step.  A new National
Research Council (NRC) report, Globalization of Mate-
rials R&D: Time for a National Strategy, which will be
available shortly after this issue of The Bridge goes to
press, explores these and many other issues.  An upcom-
ing report by the Committee on Science, Engineering,
and Public Policy (COSEPUP) of the National Acade-
mies, Storm Clouds on the Horizon: Setting the Right
Course for America’s Economic Leadership, also focuses on
what needs to be done for the United States to prosper
in the global economy.

In short, globalization can weaken us, or it can offer
us, and the world, hope that we can find ways to avoid
global conflicts and improve human welfare.  But we
must act now to ensure that the United States contin-
ues to prosper and has the strength and talent to con-
tribute to improvements in the security and quality of
life for people everywhere.

The papers in this issue address some of these issues
and concerns.  Martin Kenney and Rafiq Dossani
describe the very rapid increase in offshoring of R&D
and engineering design jobs.  American companies, they
point out, are looking to hire individuals with advanced
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degrees and workplace experience in India, the Philip-
pines, and elsewhere.  To illustrate the challenges of
globalization, the authors focus on changes in civil engi-
neering and electronic and computer engineering.

Senator Lamar Alexander addresses broader concerns
about our scientific and technological strengths.  He
also suggests directions for public policies to mitigate the
consequences of a looming crisis.

The article by Peter Bridenbaugh, chair of the NRC
Committee on the Globalization of Materials R&D, and
Mike Moloney, senior program officer of the National
Materials Advisory Board, provides a summary of the
conclusions and recommendations of the new NRC
report, which focuses on the consequences of offshoring
of materials R&D for U.S. engineering and technologi-
cal leadership.

Ron Hira’s article identifies trends and impacts of off-
shoring engineering and describes the “adjustments”

required of U.S. workers in a globalized marketplace.
Hira notes the urgent need for good data and enlight-
ened public policies to help U.S. workers meet the chal-
lenges ahead.

NAE president Wm. A. Wulf pieces together a
mosaic of disturbing trends that must be reversed.  (A
statement recommending changes in visa policies,
signed by President Wulf and the heads of dozens of
major academic and professional organizations, is
reprinted on p. 36.)

We hope the articles in this issue and upcoming Acad-
emies reports will encourage a discussion—and inspire
action—not only in the engineering community, but
also among decision makers and concerned citizens.
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Engineering as a profession in the United States and other developed
nations may soon face a crisis.  As a result of sophisticated telecommunica-
tions and the digitization of engineering work processes, increasing portions
of engineering work can be done without close proximity to particular per-
sons, places, or other processes.  In principle at least, this work can be done
anywhere in the world that has access to (1) global telecommunications net-
works and requisite software packages and (2) adequately trained personnel.
Undergraduate engineering students in relatively advanced developing
nations, such as India and China, follow a curriculum roughly comparable to
the one taught in developed nations.  Thus, even as barriers to performing
conventional engineering work remotely are eroding, a global pool of con-
ventionally trained engineers is growing.  This means that U.S. engineers are
now in global competition with engineers in developing nations whose wages
are 40 to 80 percent lower than ours.

Martin Kenney and 
Rafiq Dossani1

Offshoring and the Future of 
U.S. Engineering: An Overview

U.S. engineers are now in competition with low-wage

engineers in developing countries.

Martin Kenney is a professor in the Department of Human and Community Development, University of California,
Davis, and senior project director at the Berkeley Roundtable on the International Economy.  Rafiq Dossani is senior
research scholar at the Asia/Pacific Research Center, Stanford University.

1 The authors’ names are in reverse alphabetical order in keeping with their practice of rotating
authorship.

Martin Kenney

Rafiq Dossani
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In this paper, our discussion is limited to work that is
relocated but still services markets in developed coun-
tries (rather than work done to meet the needs of local
markets in developing countries).  Offshoring of this
work can not only directly replace existing workers, but
can also capture jobs that would have been added to the
U.S. economy, especially for fast-growing entrepreneur-
ial ventures that must lower cash expenditures and
speed up product development.  Recent examples
include Silicon Valley high-technology start-up compa-
nies that establish offshore subsidiaries very early in
their life cycles.  In these cases, offshoring does not
reflect direct job displacement but redirects job growth
to lower cost developing nations, at the same time mak-
ing the start-up more competitive.

Nearly as important as job displacement is the 
possibility that offshoring could create significant down-
ward pressure on engineering salaries, which is likely if
engineers in developed nations are unable to produce
significantly greater value than their much lower paid
counterparts in developing nations.  We are unable to
quantify the downward pressure on wages, but there is
ample evidence that offshoring combined with tech-
nical changes led to stagnant wages for factory workers
during the 1990s, and there is a distinct possibility that
engineers might experience similarly stagnant wages.

If offshoring continues or even accelerates during the
next few years in response to continued pressure to
reduce costs, conventionally trained engineers in both
large and smaller firms are likely to face sluggish job
markets.  As a result of these tight labor markets, engi-
neering as an academic discipline is likely to become less
attractive to U.S. college students, unless the engineer-
ing curriculum changes to address the new reality.

Offshoring Engineering

Twenty years ago, anyone who advocated the off-
shoring of engineering jobs to developing nations would

have been met with derision.  Not only were engineers
in developing countries considered incapable of per-
forming the work, but they also had limited access to
computers and reliable telecommunications infrastruc-
tures.  In addition, transporting blueprints and data was
time consuming, risky, and expensive.  As any execu-
tive, manager, or research and development (R&D)
director at a large or small firm knows, these things are
no longer true.

The McKinsey Global Institute (MGI) (2005)
recently examined the potential for offshoring globally
from developed nations in 10 industries, three of
which—automobiles, software, and information tech-
nologies (IT) services—are illustrative of the potential
of offshoring engineering.  In job categories rich in engi-
neers and scientists, such as IT services, MGI calculated
that 59 percent of the work could theoretically be off-
shored.  In automotive engineering and R&D, 42 per-
cent of total employment could possibly be offshored.
Interestingly, however, they found that fewer than 
2,000 automotive engineering and R&D jobs had actu-
ally been offshored.  MGI attributed the lag to the con-
servative nature of the industry.  However, given the
intense pressures on U.S. automobile firms to cut costs
and accelerate development, these small numbers may
be the beginning of a much larger trend.  Among 
automobile assemblers alone, MGI estimated that
198,000 jobs in developed nations could be offshored in
engineering and R&D.  Job losses in the United States
could be even greater in percentage terms because our
manufacturers are also losing market share.  But the
U.S. auto industry is not alone.  In 2005, the Renault-
Nissan alliance outsourced IT services contracts worth
approximately $600 million to two U.S. firms, Hewlett
Packard and Computer Sciences Corporation, and a
French firm, Atos (Ovum, 2005).  Some of these jobs
will certainly go to India and Eastern Europe.

General Motors (GM) is a leader in relocating R&D
and certain elements of design.  Its offshore centerpiece
is a laboratory in Bangalore that employed approxi-
mately 240 professionals in 2005 and is expected to
employ 400 in the future.  The Bangalore laboratory
works in partnership with the GM research laboratory
in Warren, Michigan.  The sophisticated activities in
the Indian laboratory are reflected in the skill levels of
the persons being recruited.  In July 2005, the labora-
tory was advertising jobs for individuals with master’s
degrees or, preferably, Ph.D.’s, in aerospace, computer,
industrial, mechanical, and software engineering and

Offshoring not only causes
direct job displacement, 

but also redirects job growth
to lower cost nations.
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computer and materials science.  In the materials labo-
ratory, GM is searching for people with master’s and
Ph.D.’s in metallurgy, polymer science, materials sci-
ence, materials processing, and math-based analysis of
materials.  In the material process modeling group,
work being done by these newly hired engineers will
include validating microstructural models, designing
high-performance materials, and molecular modeling of
nanocomposite/TPO exfoliation and fuel cell mem-
branes (General Motors, 2005).  These job descriptions
are indicative of the engineering activities major indus-
trial corporations can offshore to India.

GM is not alone, however.  General Electric had 
1,600 researchers in its research laboratory in Bangalore,
India, in 2003 and 3,500 in 2005.  A great many other
major industrial firms are also hiring technical talent in
low-wage nations in a wide variety of engineering disci-
plines.  Even if this trend does not lead to the loss of
existing jobs, it will surely produce significant downward
pressure on salaries.

Civil Engineering

In May 2004, according to the Bureau of Labor Sta-
tistics (BLS), 218,220 civil engineers and 90,000 civil
engineering technicians were employed in the U.S.
economy (BLS, 2005).  Given the importance of con-
struction to the U.S. economy, the unique nature of
structures, the need for customizing buildings for specific
sites, and the large number of small (less than 50 per-
sons) civil engineering firms, it might seem that civil
engineers would be protected from offshoring.  How-
ever, giant engineering contractors, such as Bechtel
Group, Fluor Corporation, Jacobs Engineering Group,
Washington Group International (WGI), and others,
are already offshoring civil engineering work to lower
cost environments.  Bechtel has approximately 800 pro-
fessionals working for its global operations in India, and
Fluor has a large engineering operation in the Philip-
pines (Rubin et al., 2004).

Of course, offshoring is not confined to U.S. firms.
European civil engineering firms facing the same pres-
sures are also offshoring.  For example, Mott McDonald,
a British firm, had a unit in Mumbai in 2004 with 850
employees.  As such units mature, they will not only
increase in size but will also be able to undertake more
sophisticated work.

The traditional view has been that offshoring is a “big
company” game, but this view is dated.  The offshore
outsourcing phenomenon is much more common than

many believe.  BE&K Engineering, a Birmingham,
Alabama, firm, does design work in Mumbai and has a
unit in Poland (Rubin et al., 2004).  And lower costs are
not the only, or even the primary concern, for some
firms.  Harris and Sloan (H&S), an engineering services
firm in Davis, California, that employs 27 professionals
and is expanding rapidly, subcontracts the services of
five civil engineers in India because of space constraints
and a shortage of experienced local engineers.  In addi-
tion, the company realizes a 50 percent savings in cost.

H&S has experienced difficulties with its Indian firm,
however, such as high turnover and the inability to
manage directly the Indian engineers it trains.  The rel-
ative lack of control of the outsourced Indian operation
has also created problems in terms of wages and benefits.
In fact, the company wants to increase wages to raise
morale and improve retention.  In addition, H&S is
considering adding a subsidiary in Vietnam (Harris,
2005).  Currently, H&S plans to configure its offshore
employee pool to consist of about three engineers and
two drafters managed by a high-level “project manager”
in the Davis office.  As offshoring increases, every group
of about 10 will have an offshore manager.  H&S is a
pioneer in the offshoring and outsourcing trend, but a
number of its competitors are also offshoring a portion
of their work to Vietnam or China.

At a minimum, offshoring dampens upward pressures
on wages.  By opening an overseas office or contracting
work overseas, firms can limit their high-cost domestic
head count.  In contrast to electrical engineering (EE)
and computer science (CS), for which India and China
are the destinations of choice, civil engineering firms
can also outsource work to the Philippines, Vietnam,
and Latin America.  For smaller firms that do not
require large numbers of workers, other nations can also
offer their services.

Because the construction market is so strong in the
United States, civil engineering is globalizing less visi-
bly than other branches of engineering.  Although
changes in the practice of civil engineering differ in
some ways from changes in other areas of engineering,

Offshoring is no longer a
“big company” game.
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the field is being transformed by a combination of design
automation software and globalization.  Almost as soon
as a civil engineering graduate leaves the university, he
or she must be able to operate as a “junior project man-
ager” who can deliver creative, cost-effective solutions
that include a global component.

Electrical Engineering and Computer Science 
and Engineering

More U.S. engineers are employed in EE and CS than
any other fields of engineering.  According to BLS
(2005), more than 1.25 million persons were employed
in related fields, not including computer programmers,
support specialists, systems analysts, database adminis-
trators, network and computer systems administrators,
network systems and data communications analysts, and
other types of computer specialists, who account for
another one million jobs.  In terms of employment, 

software and computer engineering is the most impor-
tant engineering job category, mirroring the technical
strength of the U.S. economy.

Until recently, many scholars and most news reporters
thought that the activities being offshored would be rou-
tine, low-end work, such as data entry and program-
ming—activities that the United States could afford to
lose.  Unfortunately, this comforting idea is simply not
true.  Table 1 shows a compilation of jobs described on
the websites of five major U.S. electronics and software
firms in February 2005.  The table is self-explanatory, but
note the remarkable number of Ph.D.’s being sought,
nearly all of them with at least five years of experience.
The job descriptions read exactly like those for technol-
ogists being hired in the United States.  For example,
Cisco India advertised for a master’s degree EE&CS grad-
uate with the following credentials in addition to tech-
nical knowledge:  “Technical, Industry, Business and

8

TABLE 1   Highest Degree Required in Job Descriptions of Five Multinational Corporations 
Operating in India and China, February 2005

CISCO

None Technical Bachelors Masters PhD Total

Shanghai 0 0 17 19 0 36
Beijing 2 0 7 3 0 12
Bangalore 10 0 28 65 0 103

INTEL

Shanghai 10 9 61 55 9 144
Beijing 1 0 7 6 1 15
Bangalore 11 7 39 112 10 179

HP

Shanghai 6 2 7 29 1 45
Beijing 5 0 25 28 0 58
Bangalore 15 3 62 42 34 156

MICROSOFT

Beijing 2 0 0 1 0 3
Bangalore 2 0 13 5 0 20
Hyderabad 17 3 57 14 3 94

ORACLE

Beijing 0 0 0 2 0 2
Bangalore 9 1 63 16 0 89
Hyderabad 0 0 62 35 13 110

Sources:  Adapted from information on the Cisco, Intel, HP, Microsoft, and Oracle websites.
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Cross-Functional Knowledge. Partnership. Solve Prob-
lems & Make Decisions. Demonstrate Leadership. Estab-
lish Plans. Think Globally. Dedication to Customer
Success. Innovation and Learning. Acknowledged tech-
nical expert on project.”  This is not an advertisement for
a routine, low-level job.

Anecdotal evidence is confirmed by the MGI report
(2005), which finds that 60 to 78 percent of engineer-
ing and associated middle-level managerial positions in
the packaged software industry in developed nations
are theoretically offshoreable.  The result for IT services
is similar—47 to 56 percent of the software and hard-
ware engineering and associated middle-level manage-
ment jobs are susceptible to offshoring.  Analysts
working on software/IT architecture and market
research are similarly vulnerable (45 to 55 percent).
Whether these estimates are off by 10 or even 40 per-
cent is not important.  Even low double-digit percent-
ages are certain to be disruptive.

The collapse of the “Internet bubble” in 2000 had a
devastating effect on EE&CS on many fronts.  Not only
have EE&CS departments experienced a drop in enroll-
ment, but employment has not rebounded as well as it
has after previous downturns.  Students are aware of the
threat of offshoring and the increase in EE&CS employ-
ment in low-wage, offshore environments.

Start-ups Going Global

Nearly 70 years ago, Karl Compton and other busi-
ness and engineering leaders in the Boston area created
an economic development model in which technologi-
cal entrepreneurs supported by venture capital would
build new firms.  A certain portion of these start-ups
would grow large and hire large numbers of workers
(Hsu and Kenney, 2005).  This model reached its apogee
in the development of Silicon Valley, which pioneered
technologies that transformed the world in which we
live.  As venture capital funding recovers from the dark-
est days of 2001, new firms, such as Google, Sales-
force.com, and many others, continue to be spawned in
Silicon Valley, and some are growing rapidly.

At a recent conference we organized at Stanford,
however, presentations by Silicon Valley-based start-ups
suggested that a new, global division of labor is emerg-
ing.  For example, Ketera, a software start-up company
headquartered in Silicon Valley, has 75 workers in its
Bangalore operation and 150 workers globally.  The vice
president for engineering at Ketera noted that almost
any function currently done by the U.S. team could be

offshored, at least, partly.  In his view, only customer-
facing functions had to remain in the developed coun-
try market.  He added, perhaps hyperbolically, “I do not
see the need for my role as currently described to be
U.S.-located in a year’s time!” (Shah, 2005).  If large
numbers of new jobs in small firms continue to be relo-
cated, there may be other ramifications, such as “the
relocation of entrepreneurship” per se.

A typical start-up company today begins planning for
global growth from its inception.  In response to pres-
sure from venture capitalists to reduce cash burn rates,
start-up companies are creating offshore facilities even
before their head counts reach 100.  This offshoring
decision has two aspects.  It lowers the cost of starting
a firm and thus encourages entrepreneurship.  And, at
the very least, it allows a firm to shift mundane work to
low-cost locations and reallocate its budgets to new
product development.

Take, for example, Tensilica, a Silicon Valley-based
start-up firm that relies on intensive, sustained, leading-
edge technological innovation by its engineers.  During
the downturn of 2001 and 2002, even though business
prospects slowly improved, the company’s engineering
budget did not increase because existing products were
being improved at the expense of innovation.  The solu-
tion was to offshore product improvement to India,
which the company did in 2004.  This change generated
savings that enabled more resources to be spent on 
leading-edge work in the United States (Dixit, 2005).

This example illustrates a second aspect of off-
shoring—employment growth takes place not only in
the United States, but almost immediately offshore as
well.  In an extreme case, the leadership and marketing
team might remain in the United States while most of
the employees are located abroad.

Does this extreme represent the future of technology
entrepreneurship?  This vision may be apocalyptic, but

The relocation of new jobs 
by small firms could lead 

to the “relocation of
entrepreneurship” per se.
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we are convinced that the geographic footprint of start-
up firms is in flux.  The future cannot be guaranteed,
and our mental models of the location of jobs created 
by the technology entrepreneurship process must be
adjusted accordingly.

Responses

Leaders of major U.S. technology firms have cited the
appalling state of K–12 education as a major barrier to
retaining jobs in the United States.  Although we agree
that there are serious problems with K–12 education
and severe financial difficulties facing publicly support-
ed institutions of higher education, more funding for
education will not address the problem of the increasing
offshoring of engineering jobs.  As the world becomes
more globalized, much of the routine, computer-based
engineering work can be done remotely, and undergrad-
uate engineering curricula in reputable universities
everywhere in the world (many in low-wage nations)
are roughly equivalent (and are becoming more so).  At
the margins, U.S. institutions have more resources and
slightly more modern equipment and software, but these
amount to no more than a 10 or 20 percent advantage
for our undergraduates.

Of course, even within a country, the graduates of the
best universities still command a significant premium
over graduates from other schools, and this difference
crosses borders.  At the graduate level, our finest
research universities are still superior to universities
elsewhere.  However, other nations are trying to emulate
our success, and they will certainly improve their
research capabilities.  Thus, simply improving our edu-
cational system along the lines of its current operation
is not likely to prevent further offshoring.

The career of the engineer of the future is likely to
take one of two directions.  Engineers employed in
organizations will necessarily be required to coordinate
projects having global workforces.  The critical words

in the previous sentence (to which current engineering
education pays little attention) are “coordinate” and
“global.”  A typical U.S. engineer will have to become
a project manager early in his or her career and will be
coordinating the work of people stationed around the
world, either within the parent organization or in con-
tractor organizations.

Entrepreneurship will require engineers to move in a
different direction. The heart of entrepreneurship is
creating new knowledge and actualizing it in the
marketplace.  Engineer-entrepreneurs must not only
understand how to design good products, but also how
to design good business ventures (Hargadon, 2005).
Entrepreneurial engineers need not only a rigorous
engineering education, but also an understanding of the
elements of entrepreneurship.  There are advantages to
being located in a developed country with sophisticated
markets that often set the pace for consumers, and
young engineer-entrepreneurs must know how to take
advantage of the knowledge in our marketplace.  By
creating new value, increased entrepreneurship is the
antithesis of the zero-sum game.

In the future, most engineers will experience mid-
career changes.  Thus, the existing model of the engi-
neer who necessarily receives all of her or his training
while young, usually soon after high school, must give
way to a model of engineers who may choose to enter
the field much later in life, perhaps after working in
related fields, such as the pure sciences, for several years.
New curricula must be developed that allow them to
complete their educations over a longer period of time,
perhaps while working part time.  The University of
California, Davis, recently launched a program to train
Ph.D. students in the basics of entrepreneurship, not to
encourage them to leave graduate programs and acade-
mic careers for industry, but to equip them to recognize
commercially viable projects in their future academic
careers.  This kind of flexibility will be necessary to
increase U.S. competitiveness.

The licensing of an engineer could also be changed.
Perhaps it would be better if licensing were based on a
system of regular, midcareer renewals; such licensing sys-
tems have already been adopted in nonengineering
fields, such as accounting and finance.  The advantages
of such a system are obvious, especially in light of
increasing evidence that the engineers most threatened
by foreign competition are not those who are freshly out
of college, but those in midcareer who may be replaced
by newly trained engineers, either in the United States

By creating new value,
entrepreneurship can 
become the antithesis 
of the zero-sum game.
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or Asia.  The change is worthy of serious consideration.
Finally, Americans must understand that, just as prox-

imity to sophisticated markets conveys advantages to
them, the development of low-cost economies conveys
advantages to engineers in other countries.  In other
words, countries like China and India are rapidly devel-
oping markets with unique engineering situations, and
American engineers could benefit by becoming familiar
with those environments so they can capture value from
them, rather than assuming that all high value-added
new ideas will necessarily emerge in developed countries.
This implies that, at the very least, internships (and per-
haps early career paths) should be increasingly global.
Some universities have already begun to respond to these
challenges.  The Asia Technology Initiative at Stanford
University, for example, places engineering students in
summer internships in Bangalore, Beijing, and Tokyo.

Whether U.S. engineers become entrepreneurs or
global project managers, they will need an educational
system that provides them with the tools to succeed.  An
educational system that only provides them with the
same skills as their colleagues in China and India will
equip them to earn comparable wages (i.e., $6,000 per
year plus a bonus for being located in the United
States).  Thus, engineering education cannot continue
as usual.  As Table 1 indicates, more of the same educa-
tion, such as lengthening the curriculum by a year to
improve students’ technical skills, is unlikely to address
the problem of offshoring.

Conclusion

This is not a zero-sum world.  If India and China cap-
ture more of the engineering value chain, this does not
mean the United States must lose.  It does mean that we
must understand the implications of changed circum-
stances and experiment with responses. We have focused
on the situation in EE&CS and civil engineering, but as
GM’s Bangalore laboratory demonstrates, all engineer-
ing and engineering sciences in the United States may be
disrupted.  There are ways to address these problems, but
fashioning them will require deep study and thought,
which are in short supply at the moment.2 Solutions
may vary by industry and discipline, but it would be irre-
sponsible not to prepare for this global shift.

Engineering capabilities, though seemingly concen-
trated in the education-obsessed nations of East and
South Asia, are distributed globally.  Traditionally, a
small, often elite, group migrated to the United States,
but the vast majority of engineers or potential engi-
neers remained in their homelands, unable or unwill-
ing to move to where the job opportunities were.  This
labor mobility barrier protected U.S. engineers from
competition and allowed them to demand high wages.
Nevertheless, over the last three decades, the internal
U.S. engineering workforce has become increasingly
internationalized.

Although the labor mobility barrier persists, decreas-
es in the cost of telecommunication, the increase in
bandwidth, the ubiquity of the Internet, and the adop-
tion of standardized software, combined with increased
comfort with offshoring and outsourcing, is changing
the global engineering labor market.  Lower cost, simi-
larly skilled engineers are now available worldwide.

For the most highly educated, most brilliant engi-
neers, offshoring is likely to have little, if any impact.
There will always be positions for them, they will con-
tinue to be rewarded for the enormous value they create,
and the nation where they are based will be rewarded in
taxes and profits.  Our concern is with the 90 percent of
engineers who will be pushed into international compe-
tition, just as U.S. factory workers were more than two
decades ago.

For engineers being trained today, this new reality is
becoming increasingly evident.  Their response is diffi-
cult to predict, but as the cost-benefit equation shifts,
and if engineering education only provides them with
the same skills as others in the global economy, many
are likely to pursue other fields of learning.  This would
be unfortunate, however, because enormous oppor-
tunities are being created for technically skilled grad-
uates capable of understanding and operating in global

Our concern is with the 
90 percent of engineers 
who will be pushed into

international competition.

2 A forthcoming report by the Association of Computing Machinery Job
Migration Task Force, which was appointed to examine these issues and
recommend responses, will provide a detailed analysis for the changing
location of the workforce for software.  The report is expected to be pub-
lished in late 2005.
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networks or with the entrepreneurial skills to discover
new opportunities and pull together the resources and
teams capable of actualizing them.

Protectionism and anti-offshoring agitation are likely
to be little more than rearguard actions, which may be
justified only if more long-term responses are simul-
taneously put in place.  But given the history of U.S.
responses to threats from imports and offshoring, protec-
tion is likely to become permanent and a substitute for
real change.  In the long run, the “protected” industrial
sector will eventually collapse anyhow, as happened in
consumer electronics, integrated steel production, and,
quite possibly, automobiles.  Engineering is too impor-
tant a contributor to our economy to entrust its future
solely to market forces in the belief that a positive out-
come will result.  A more rational, positive response is to
try to determine the skills future U.S. engineers will need
and then make changes to provide them.  Only then will
U.S. engineers be capable of creating a new reality.
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Lamar Alexander

The Next Big Surprise

The author outlines a national effort to ensure 

U.S. competitiveness in the global economy.

September 11th came as a big surprise to this country.  We weren’t expect-
ing what happened, and we weren’t prepared for it.  As General Carl Stiner,
former head of U.S. Special Forces, recently reminded me, we should have
seen the warning signs.

In 1992, a U.S. military training mission in Saudi Arabia was bombed, and
43 American soldiers were killed.  In 1993, the World Trade Center in New
York was targeted; six people were killed and 1,000 were injured.  In 1995, a
National Guard training mission in Saudi Arabia was bombed, and five sol-
diers were killed.  In 1996, the bombing of the Khobar Towers in the same
nation killed 19.  Bombings of the U.S. embassies in Kenya and Tanzania
killed 224 in 1998.  And in 2000, the USS Cole was attacked off the coast of
Yemen killing 17.  Today, our government is mobilized in an unprecedented
effort to make sure terrorism never surprises us again.

In the meantime, we have been ignoring the next big surprise—that in 
10 or 20 years other countries may close the economic gap between them-
selves and the United States.  As there were with 9/11, there are warning
signs.  Indian cities like Bangalore have become magnets for companies that
once were found only in Silicon Valley.  Last year, when I was in Japan, Tokyo

This article is adapted from an address to the National Academy of Sciences on May 11, 2005.
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was abuzz because China had surpassed Japan as the 
second largest oil-guzzling nation in the world.  (The
United States is first.)  In 2003, China launched its first
man into space.  The U.S. share of worldwide high-tech
exports has been in a 20-year decline; from 1980 to 2001,
our share fell from 31 percent to 18 percent.
At the same time, the global share for China, South
Korea, and other emerging Asian countries increased
from just 7 percent to 25 percent.  China graduates
almost four times as many engineers as the United
States and offers lucrative tax breaks to companies that
conduct research and development (R&D) there.  India
is pouring money into technology parks to lure Indian
citizens who attended American graduate schools.
South Korea graduates nearly the same number of engi-
neers as the United States, even though it has only one-
sixth the population and one-twentieth the GDP.
These are sobering statistics.

When I was in Europe in March 2004, I heard that
British Prime Minister Tony Blair and German Chan-
cellor Gerhard Schroeder were working to model their
universities on American institutions.  In 1998, Europe
graduated more Ph.D.’s than the United States; the
goal is for Europe to graduate five times as many Ph.D.’s
as the United States in the next five years.  In Febru-
ary, the European Union affirmed that its economic
development strategy is directly linked to reforms in
higher education.

The United States, with only 5 percent of the world’s
population, has 30 percent of the world’s wealth.  That’s
an astounding figure.  The people of China, India,
Brazil, and other countries around the world have
noticed, and they don’t see any reason for the United
States to continue to hold such a lead over them.  They
are undertaking calculated, concerted efforts to improve
their competitiveness in the global marketplace, espe-
cially when it comes to science and technology.

America prospered during the latter part of the twen-
tieth century like no other country had before, and at

least part of that success reflected our commitment to
educating and supporting several generations of Ameri-
can innovators.  According to Nobel laureate economist
Robert Solow, nearly half of our nation’s economic
growth since World War II can be attributed to advances
in science and technology.  So, what must America do to
maintain leadership in the global economy?  How can
we succeed in an increasingly competitive marketplace?

If we are to continue to enjoy our prosperity, we 
will have to make new, strategic investments in science
and technology and education in the twenty-first cen-
tury.  Here are a few ways we can maintain our com-
petitive edge.

Increased Funding for Research in 
the Physical Sciences

As I noted earlier, nearly half of our nation’s eco-
nomic growth since World War II can be attributed to
advances in science and technology.  If we want that
growth to continue, we must invest in the research that
fuels those advances at national laboratories and uni-
versities.  This means a stronger investment in funda-
mental research in the physical sciences and a sustained
commitment to regaining international leadership in
areas such as advanced scientific computing at dedi-
cated national user facilities.

In recent years, investment has shifted away from
research in the physical sciences and engineering to the
life sciences.  Product development and applied research
now attract more than 80 percent of the $240 billion
spent annually on R&D by the public and private sec-
tors.  Only 18 percent is devoted to basic research—a
number we need to increase if we are to remain com-
petitive in the long run.

Many proposals have been made about how to do
this.  Last year, Senator Carl Levin and I sponsored a
bill to double the funding for the U.S. Department of
Energy (DOE) Office of Science over the next five
years.  In April 2005, 67 senators joined with me to ask
Congress for a 7 percent increase over the President’s
funding request for the DOE Office of Science.  Not
many proposals in the Senate attract that level of sup-
port during tight budget times, and our request was hon-
ored.  On the House side, Congressman Frank Wolf of
Virginia recently proposed that funding be tripled for
federal basic science programs and that the government
pay the interest on undergraduate loans for students who
agree to work in science, math, or engineering for a five-
year period after graduation.

South Korea graduates
almost as many engineers 

as the United States.
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Coordinated Federal Programs to 
Optimize Innovation

Unfortunately, the need for more investment in
research isn’t our only problem.  According to a recent
report issued by the National Commission on Energy Pol-
icy, an “insufficiency in investment [in energy-related
R&D] is compounded by shortcomings in the govern-
ment’s management of its energy-technology innovation
portfolio.”  The commission also noted that “Recom-
mendations for strengthening the organization and man-
agement of the government’s energy research,
development, demonstration, and deployment programs
have emerged from every major recent study.”

Let me give you an example of why the commission
may be right.  From 1993 to 2001, we poured billions of
dollars into the Partnership for Next Generation Vehi-
cles (PNGV), which was supposed to result in American
leadership in the deployment of hybrid vehicles.  PNGV
was led by a consortium of the Big Three automakers,
while domestic manufacturers like Toyota, Honda, and
Nissan, that wanted to participate in the program, were
left out.  Yet on America’s roads today you see lots of
Toyota and Honda hybrids but not many hybrids from
the Big Three. That approach simply didn’t work.

The recently passed Energy Bill took a different
approach that I hope will be more successful.  In that
bill, we provide grants to domestic automobile manu-
facturers to encourage the production of hybrid and
advanced diesel vehicles; these grants apply to 
all domestic producers, regardless of where their com-
pany headquarters are located.  I think that’s a better
approach in this specific case, and it illustrates a larger
point—that we must ensure that our incentives for
R&D are geared to producing the maximum benefit to
American producers and consumers.

Implementing best management practices in research
programs will also be key to success in the future.  I
recently spoke about R& D management with Dr. Tony
Tether, director of the Defense Advanced Research Pro-
jects Agency (DARPA), a successful U.S. Department
of Defense organization that invented the Internet,
stealth technology, and some aspects of global position-
ing system (GPS) technology.  DARPA is generally rec-
ognized as a success in terms of its ability to bridge the
“innovation gap” between scientific discovery and tech-
nology implementation.

Dr. Tether believes that the key to DARPA’s success
is people.  To maintain an entrepreneurial atmosphere
and the flow of new ideas, DARPA steadily rotates in

and empowers very highly qualified program managers
based on “Experimental Personnel Authority”; most
program managers serve only four years.  The practice is
based on the belief that new ideas come from new peo-
ple.  New program managers are also able to redirect the
work of their predecessors—and even undo it if neces-
sary.  The combination of new people, a flat organiza-
tional structure in which expert program managers are
empowered to make decisions, and the fact that
DARPA has no dedicated laboratories or facilities to
support and maintain, have ensured that DARPA has
very few institutional interests other than innovation.  
I hope we can apply some of these same practices in 
other federal organizations that manage R&D portfolios
aimed at bridging the innovation gap.

Reform of U.S. Immigration and Visa Policies

Getting the “people question” right requires more
than good management policies.  It also requires attract-
ing the best and brightest minds to study and work in
our country.  That’s why our immigration policy must
not only preserve American security but must also wel-
come talented individuals from around the world.  Since
September 11, 2001, we have clamped down on entry
into our country, and our policies have become stricter.
As a result, international applications to American
graduate schools declined by 28 percent from 2003 to
2004.  Applications from China fell by 45 percent and
from India by 28 percent.  Scientific conferences are
increasingly being held outside the United States.  We
must reverse this trend.

Much of the trouble has arisen from the Visa Mantis
clearance process for students and researchers who might
be studying sensitive technology.  Early this year, the
State Department took an important step in the right
direction by announcing a change in that process that
will extend the validity of clearance for the duration of

Our incentives for R&D 
must be geared to provide

maximum benefit to American
producers and consumers.
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study (up to four years) for students who remain enrolled
in the same program here in the United States.  The
average time for Visa Mantis clearance has dropped from
77 days to 14 days, and our embassy in Beijing reports
that Chinese student visa applications this year are up
15 percent.  These are dramatic improvements.

Yet more can be done.  I recently co-chaired a round-
table with key senators and senior administration offi-
cials, including the Deputy Secretary of Homeland
Security, to see what additional steps can be taken to
improve our visa policy so that we attract, rather than
discourage, the best and brightest foreign students and
researchers to study here, work here, and even eventu-
ally live here as American citizens.

One idea that was suggested was making comparable
changes for researchers by making the Visa Mantis clear-
ance last for the duration of a given research project.
Another idea was to find a way to eliminate the require-
ment that talented students and researchers demon-
strate an intent to leave the United States after studying
or working here.  Study visas serve that purpose now for
students, and H-1B visas serve that purpose for skilled
workers.  But we need to do more.

Enabling States to Pay for Higher Education

In addition to our commitment to attracting talented
students, we must also maintain our overall commit-
ment to higher education.  When I was governor of Ten-
nessee, 50 cents of every dollar we spent went toward
education.  Today that number is down to 40 cents.
Why?  Because states are bearing an increasingly large
burden for Medicaid—Tennessee’s program is called
TennCare.  Tennessee now spends 31 cents of every dol-
lar on health and social services; when I was governor it
was only 15 cents.  Much of that increase is the result of
ongoing, unsustainable growth in Medicaid spending.

As a senator, I hope to be a Paul Revere for federal-
ism and wake people up to the fact that what we do in
Washington, D.C., can have significant effects on state
spending.  States are significantly restrained by federal
regulations and the federal courts.  We must make sure
that when we pass laws in Washington, we are not send-
ing the bill for implementing those laws to governors
and mayors back home.  Those are unfunded mandates,
which the Republican Congress made a commitment to
curbing 10 years ago when it passed the Unfunded Man-
date Reform Act.

The other significant pressure on state funding deci-
sions comes from the federal courts.  The courts protect

our rights, and it’s important that they do so, but they
should not be making policy decisions we elect our
local leaders to make.  I have introduced the Federal
Consent Decree Fairness Act to slow down what two
New York Law School professors have called “democ-
racy by court decree”—the judicial management of
state and local policies.  Passage of this bill would level
the playing field for state and local governments trying
to regain control over programs that have been taken
over by the federal courts.

States have traditionally paid a certain cost for uni-
versities located within their borders.  But as state bud-
gets are being “crunched,” states are contributing less
overall to education.  To compensate, universities have
been raising tuition.  Only by getting the federal gov-
ernment off the backs of state and local governments
can states hope to continue providing significant fund-
ing to universities.

Unintended Consequences of Federal 
K–12 Education Standards

A lot of thought has been focused on what can be
done in higher education and research investments 
to improve the competitiveness of the United States,
but we also need to take a step back and address prob-
lems where creative thinking starts, in young children
in their most formative years.  As the federal govern-
ment sets standards and encourages states to ensure that
all children succeed, we must make sure that K–12
schools also continue to challenge and inspire students
who are high achievers, particularly students who excel
in math and science.  K–12 schools must provide them
with experiential, in-depth learning, which is essential
for innovation.

Conclusion

I have focused on just five of many areas where we
can launch a national effort to ensure that the United
States remains competitive in the global economy.  The
rest of the world is no longer content to allow 5 percent
of its population to have 30 percent of its wealth.  If we
don’t begin to adapt quickly to global changes, the next
big surprise for the United States will come 10 or 20
years from now when we wake up and realize our stan-
dard of living is slipping.  The challenge before us is
complex and urgent.  We all need to work together to
ensure that our current prosperity is passed on to the
next generation.
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Globalization of Materials 
Research and Development

Globalization could threaten U.S. access to 

advances in materials science and engineering.

Peter Bridenbaugh

Michael Moloney

The media these days are filled with talk of offshoring and outsourcing.
The continued globalization of research and development (R&D) and the
proliferation of information technology and global communications are
being driven by large trends, such as the impact of twenty-first century tech-
nology and increased international and transnational industrial and eco-
nomic activity.  Under the auspices of the National Research Council
National Materials Advisory Board, and sponsored by the U.S. Department
of Defense, a new study, Globalization of Materials R&D: Time for a National
Strategy, was conducted to examine these issues and assess how they might
affect continued U.S. access to the best of materials science and engineering
(MSE) R&D.  The study committee defined globalization as the worldwide
expansion of MSE knowledge-creation centers as a result of U.S. and non-
U.S. industry and government investments, as well as worldwide collabora-
tion facilitated by information technology.

The study had four goals:  (1) to assess the current status of MSE R&D
from a global perspective; (2) to identify the drivers of U.S. companies’ deci-
sions to locate materials research in the United States or abroad; (3) to assess

Peter Bridenbaugh is retired executive vice president, automotive, Aluminum Company of America, chair of the Com-
mittee on Globalization of Materials Research and Development, and an NAE member.  Michael Moloney is a senior
program officer, National Materials Advisory Board, National Research Council.
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the impact of the globalization of MSE R&D on the
U.S. economy and national security; and (4) to recom-
mend actions to ensure continued U.S. access to critical
MSE R&D.

Globalizing Trends

Information from the National Science Foundation
(2004), the results of a survey of industrial R&D by the
Economist Intelligence Unit (2004), and the results of a
poll of MSE practitioners carried out for this study all
show that globalization has led to an increase in both
transnational, academia-led R&D with international
academic and industrial collaborators and transnational,
corporation-led R&D with foreign affiliates of U.S. cor-
porations, foreign academics, or foreign corporations.
The data show that companies are being driven to glob-
alize R&D activity for a number of reasons:  (1) access to
expertise; (2) mitigating the impacts of regulatory
regimes; (3) proximity to new international customers;
and (4) cost savings.  The risks of investing in overseas
corporate R&D vary but can include concerns about the
ownership of intellectual property and the security of
trade secrets, as well as concerns about the rule of law
and democratic institutions.  Academic researchers are
also participating in global MSE R&D by seeking out
domestic or international partners that can advance
their research priorities, by participating in international
conferences, and by adopting information technology for
sharing R&D results on a global scale.

The effects of globalization on U.S. leadership in
MSE R&D vary by field or subfield.  For instance, in
composites, U.S. leadership has declined to the point
that we may no longer be able to exploit the promise of
new composites.  Leadership in the subfield of magnetic
materials is mixed; the United States leads in some crit-
ical areas and is among the leaders in other areas.  In
metallurgy R&D, the United States appears to be losing

its leadership role, and all indications are that this trend
will continue.  The situation in electronic and optical-
photonic materials is mixed, with the United States
leading in some areas but not in others.  Currently, U.S.
scientists working on superconducting materials are at
the cutting edge of  R&D on nearly all fronts; however,
other countries share the lead or have surpassed us in
applications.  In catalyst technology, there has been a
continued decline in U.S. leadership.  In nanomaterials
and nanotechnology, as measured by the number of cor-
porations engaged in the subfield, the United States
leads, but it is too early to say which, if any, region of the
world will emerge as a clear leader as this field matures.
Because nanotechnology is essential to many electronic
and photonic materials and devices, the U.S. position in
these subfields is interconnected.

Surveys of patents and recent literature suggest that,
even though MSE R&D is emerging at an accelerating
rate in countries not previously known as centers of
materials expertise, the United States remains either the
world leader or among the world leaders in most MSE
subfields.  But the European Union and the Asia-Pacific
region, notably Japan and, recently, China, are chal-
lenging traditional U.S. leadership.  Global activity in
all areas of MSE is increasing significantly in Asian
countries that were not active in these fields before.
Although it is difficult to say how the situation will
evolve, the overall trend is clear.  In keeping with broad
trends toward globalization, the globalization of MSE
R&D is proceeding rapidly and the technological lead of
the United States is narrowing.  The loss of U.S. leader-
ship in several areas of materials research where it has
traditionally been dominant is a real possibility.

Impacts for the United States

The proliferation of technologies and capabilities, at
the very least, will complicate the analysis of potential
threats and challenges to the United States and, at
worst, will allow potential adversaries to gain the advan-
tage in strategic fields.  Although the United States
might also gain some advantages from exploiting new
technologies that might emerge as a result of increased
global activity, the strategic one- to two-generation lead
in materials-related technology, and perhaps other tech-
nologies, is clearly threatened.

Economic Impact

The overall economic impact of the globalization of
MSE R&D has been limited so far, although analysis is

Our strategic lead in
materials-related technology,
and perhaps other technologies,

is clearly threatened.
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difficult because of a lack of data and the absence of 
a robust, analytical framework.  The economic impact 
is also likely to differ by subfield.  For example, the 
United States has already lost its competitive advantage
in catalysts but so far maintains its lead in semi-
conductor research.   The overall economic impact of
globalization will depend on how these trends evolve
and on the future relative contributions of materials sub-
fields to the U.S. economy.

On balance, the United States could gain from the
globalization of MSE R&D, but only if the country posi-
tions itself strategically in the new R&D environment
and U.S. companies can gain new advantages by inte-
grating domestic and global R&D results into final prod-
ucts.  This outcome requires creating conditions at the
private and public levels that enable U.S. firms to
increase their productivity, efficiency, and innovative
capacity.  U.S. companies will then be able to take
advantage of foreign R&D and international R&D rela-
tionships by integrating them fully and effectively into
their domestic R&D programs—assuming they have
maintained these capabilities.  

Impact on National Security

Globalization of MSE R&D will also affect our
national security.  U.S. security forces in the twenty-first
century will have to communicate faster, more reliably,
and on a global scale.  New threats to national and
homeland security will require new detection methods,
and new tasks will require new weapons and new mate-
rials for new and better delivery platforms.  New systems
will have to be multifunctional, self-diagnostic, self-
healing, low cost, low maintenance, environmentally
acceptable, and highly reliable.  MSE R&D that meets
those needs will certainly improve our national security
and homeland defense.

The evolution of materials research in the United
States and abroad will affect the nation’s ability not only
to defend against emerging threats, but also to ensure
that the economic underpinnings of national security
remain healthy.  As knowledge and the intellectual
capacity to generate new knowledge proliferate across
the world, as innovation and development cycles
become shorter, and as U.S. dependence on foreign
sources of innovation increases, the lead in critical tech-
nologies enjoyed thus far by U.S. defense and intelli-
gence communities will be seriously eroded unless
mitigating actions are taken.

The emergence of new centers of high-value research

across the globe has created an international market-like
demand for the best and brightest students and experts,
challenging the ability of the United States to attract top
researchers.  Any decrease in the supply of non-U.S.
experts directly involved in U.S. research and innova-
tion, combined with the acknowledged difficulty of
attracting U.S. students to MSE, will put a strain on the
supply of top scientists and engineers capable of con-
ducting R&D necessary for economic growth and
national security.  A loss of expertise will diminish not
only the value of the U.S. research output, but also, in
the long term, the nation’s capacity to recognize, under-
stand, and exploit research results from elsewhere.

Recommended Actions

The globalization of MSE R&D could have a signif-
icant positive impact for the United States, but the
risks of a negative impact remain substantial.  Even if
great efforts are made to maintain control of U.S.-
generated technologies, knowledge, and capabilities,
investments by other governments in their own MSE
R&D will challenge the United States’ technological
lead.  The loss of national capacity for MSE research or
a decline in the ability of U.S. manufacturing to take
advantage of and motivate MSE research or a dimin-
ished U.S. military, homeland defense, or intelligence
capability would not only damage our national pride 
or our international image.  In a knowledge-based
future, the United States will retain its current world
economic leadership and its strong national defense
and security only if it continues to have access to, and
in many cases generate, cutting-edge science and tech-
nology.  The United States must maintain access to the
global output of critical MSE R&D.

Access is only part of the story, however.  Integration
must also be a priority.  But integrating R&D is not easy.

Increasing dependence on
foreign sources of innovation

could jeopardize the U.S.
lead in defense and

intelligence technologies.
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If current trends continue, there is a risk that some of
the knowledge generated in MSE R&D abroad will not
be absorbed in the United States and that the United
States may not have the domestic expertise to recognize
foreign innovation and maximize its integration.  Main-
taining access to current MSE R&D will require active
management, which in turn will require a national
strategy that allows the United States to take advantage
of the benefits of the globalization of MSE R&D.

Developing a National Strategy

A national strategy for the effective development and
use of MSE R&D must include several elements.  First,
there must be a coordinated approach to exploring crit-
ical questions in the various subfields of MSE.  This will
require identifying programmatic linkages among R&D
programs of the defense services and national security
agencies, assessing the readiness of these R&D programs
to provide critical MSE capabilities, and recommending
how international and transnational MSE R&D should
be integrated into these domestic efforts.  Second, there
must be a road map that defines immediate priorities
and next steps.  Third, stakeholders and decision mak-
ers from the defense, homeland security, and intelli-
gence communities should coordinate and find synergies
with the wider federal science and engineering agencies
(including the National Science Foundation [NSF],
U.S. Department of Energy [DOE], National Aeronau-
tics and Space Administration [NASA], etc.).  Fourth,
advice from academia, industry, and other experts
should be solicited, as required—perhaps with the par-
ticipation of the Defense Science Board; and industry
should be asked to suggest policies and incentives that
would encourage proactive strategies for retaining a
strong MSE R&D base in the United States.

A robust national strategy that ensures U.S. access to
the results of MSE R&D will require a thorough under-
standing of current trends in MSE R&D worldwide; the

identification of the questions and challenges that must
be addressed to meet national economic, defense, and
homeland security needs; and a fresh approach to 
managing regulatory regimes, improving education, 
and strengthening the infrastructure for U.S. MSE
R&D.  This will require sufficient information on 
global MSE R&D activities and effective monitoring, 
as well as regular benchmarking of the relative status 
of U.S. MSE R&D.

Currently, data on the global flow of investments in
R&D generally, and in MSE R&D specifically, are insuf-
ficient.  Building a national strategy that ensures U.S.
access to MSE R&D will require the collective efforts of
various federal agencies to provide better data and new
analytical tools to understand the complexities of the
R&D globalization phenomenon.  Maintaining contin-
uous access to global R&D will require improving U.S.
Department of Defense (DOD) forecasting and moni-
toring systems and expanding capabilities of identifying
the development of critical technologies worldwide.

Of course, predicting what new capabilities might be
developed from yesterday’s research or the particular
challenges tomorrow’s adversaries might present may be
difficult, at best (DSB, 2005; NRC, 2002, 2003).  More-
over, the acquisition of technology from another country
in the past does not guarantee that the same can be done
in the future.  Addressing these and other national secu-
rity concerns will require coordination and cooperation
among DOD, NSF, DOE, NASA, the U.S. Department
of State, the U.S. Department of Commerce, and others
to assess lists of existing critical technologies, contrac-
tual arrangements, and R&D funding procedures and to
define longer term goals for MSE R&D.

Regulatory regimes can have a significant impact on
national policy.  They can affect where R&D is per-
formed, determine how intellectual property developed
abroad is treated, define export licensing processes that
affect the execution of R&D programs, affect the avail-
ability of skilled researchers, and provide tax incen-
tives.  As MSE R&D becomes increasingly global,
public policy makers must ensure that U.S. regulatory
regimes do not unreasonably impede the participation
of U.S. researchers in international R&D of national
importance or the participation of foreign researchers
in U.S. research.  A review of the nation’s regulatory
system should include how the system of export con-
trols would be affected by identifying important tech-
nologies to which the nation must have access but not
necessarily control.

A protectionist approach 
might result in the U.S. losing

access to superior technologies
developed elsewhere.
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It may be tempting to consider protecting U.S. inter-
ests by retreating from the world stage in areas consid-
ered critical to national or economic security.  A
protectionist approach, however, might result in the
United States not having access to superior technolo-
gies developed elsewhere.  The best way to ensure access
to cutting-edge knowledge and technology and protect
long-term U.S. interests would be for the United States
to participate in international partnerships and become
an active player in global MSE R&D.

Maintaining a world-class domestic capacity to
engage in international MSE R&D, to integrate non-
U.S. R&D into U.S. systems, and to monitor and under-
stand global MSE R&D and its impact on U.S.
technological leadership will require significant changes
in the U.S. MSE educational system.  The challenges
facing the system include the expanding curricula in
MSE departments; the difficulty of attracting high
school and university graduates to pursue careers in
MSE; and the continuing dependence of graduate pro-
grams on foreign students, who are now the objects of
intense global competition.  The Organisation for Eco-
nomic Co-operation and Development reports that in
2000 about 40 percent of students in China graduated
with engineering degrees, whereas in the United States
the figure was about 5 percent (OECD, 2002).

For the United States to maintain its leadership in
innovation and a robust national research infrastruc-
ture, these trends must be turned around.  Efforts could
include:  promoting MSE as a career choice; helping stu-
dents overcome deficiencies in K-12 education; meet-
ing the needs of U.S. industry and other actors;
providing financial support to encourage U.S. citizens
to study materials science; setting minimum competen-
cies for graduate students working on master’s degrees in
MSE; and improving the balance between large and
small MSE departments.

Maintaining U.S. expertise and leadership must be
based on a robust research infrastructure wherein mate-
rials problems can be addressed and solved and the solu-
tions verified, from laboratory scale through pilot scale.
However, the loss of once-dominant industry materials
laboratories raises serious questions about where future
MSE R&D will take place.  The United States can no
longer count on the ongoing exploration of new tech-
nical areas that could be of interest to business and
ongoing monitoring of developments in university and

government laboratories.  Clearly, this is a serious prob-
lem that must be addressed.

Conclusion

Formulating a national strategy in response to the
globalization of MSE R&D will present policy makers
with multidimensional challenges.  Coordinating the
activities of so many federal agencies and mobilizing the
resources of industry and academia may require the
involvement of the Executive Office of the President.
The recommendations in the new NRC report (2005)
provide a framework for a robust national strategy that
could ensure a positive impact for the United States and
continued access to current MSE R&D.  The framework
is based on a series of initiatives to benchmark MSE
R&D in the United States; define MSE R&D require-
ments for twenty-first century national security needs;
outline a regulatory framework that supports U.S. MSE
innovation in a globalized environment; and maintain
a national infrastructure that supports a global role for
the United States.
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Impacts and Trends of Offshoring
Engineering Tasks and Jobs

Engineers need better data and government help to

“adjust” to offshoring.

Many companies are transferring tasks and jobs that have traditionally
been done by American engineers to lower cost countries where engineers
earn as little as 10 percent of the salaries Americans earn.  Company man-
agers, making rational decisions, hope to save up to 70 percent in net costs
by offshoring work.  Although no government organization has reliable fig-
ures on exactly how many engineering tasks and jobs have been moved to
low-cost countries in recent years, observable trends indicate that offshoring
is accelerating in scale and scope.  No doubt these changes have important
implications for American engineers and the U.S. national innovation sys-
tem; but engineers have little objective information to help them adapt to
these changes, and, in spite of widespread media attention, policy makers
have so far chosen to do nothing in response to these structural changes to
our innovation system.

On the macroeconomic level, economists are debating whether offshoring
is good for America.  In a recent article in the Journal of Economic Perspec-
tives, for example, Nobel laureate Paul Samuelson describes some very plau-
sible scenarios in which offshoring would actually leave America worse off.

1 The opinions expressed in this paper are those of the author and do not represent the official posi-
tion of IEEE-USA.  For more information on the subjects discussed here, see Outsourcing Ameri-
ca: What’s Behind Our National Crisis and How We Can Reclaim American Jobs by Ron Hira
and Anil Hira (AMACOM, 2005).
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Ralph Gomory and William Baumol (2001) demon-
strate that standard trade theory shows multiple out-
comes for trading partners.  In some outcomes, both
partners benefit; in others, one country gains and the
other loses.

The net effects of offshoring on the U.S. economy are
uncertain, but engineers and the engineering commu-
nity can begin adapting if they understand the antici-
pated impacts on the labor market and begin tracking
observable trends.  This information can also help pol-
icy makers explore feasible policy responses.

Impacts of Offshoring on Employment2

Most economists believe that offshoring will have lit-
tle or no long-term impact on the overall number of jobs
or the unemployment rate in the United States.  Accord-
ing to their models, the total number of jobs in the Unit-
ed States is a function of the size of the labor force
(primarily influenced by population), and the unemploy-
ment rate is a function of monetary and fiscal policies.
They argue that individual jobs may indeed disappear at
the microeconomic level as they are moved overseas, but
the displaced workers will find jobs elsewhere in the
economy as new opportunities arise or are created.

In the short term, offshoring is expected to have the
following impacts on employment:  (1) job displace-
ment for U.S. workers; (2) a change in the mix of U.S.
occupations; and (3) downward pressure on wages for
jobs that are newly tradable across borders.

Job Displacement

Some U.S. workers will lose their jobs as their work is
shifted to overseas locations.  In July, for example,
Wachovia Corporation announced plans to move many
of its information technology (IT) jobs to India and told
its 3,000 U.S. IT workers to prepare for lay-offs.  The
assumption is that these about-to-be displaced workers
will be reemployed rapidly, and at substantially the same
wages, as they “adjust,” as economists say, to structural
changes in the economy.

In reality, the adjustment process—workers seeking
and finding opportunities at other companies, in other
geographic regions, and/or in other occupations—is dif-
ficult.  The data on reemployment outcomes are limited,
but we can get an indication from the Bureau of Labor
Statistics Displaced Workers Survey (2004).  The survey

shows that, of workers who were displaced between
2001 and 2003, 35 percent were still unemployed in Jan-
uary 2004, and, of the 65 percent who were employed,
only 43 percent earned as much as they did before dis-
placement.  Thus, the empirical data show that dis-
placed workers are not reemployed rapidly (one in three
remains unemployed) or at the same or higher wages
(three in five took pay cuts).

These outcomes are largely consistent with results 
of surveys of displaced workers conducted since 
1979.  Significant numbers of displaced workers are
likely to remain unemployed for extended periods 
of time, and many of those who find work take sub-
stantial pay cuts.

Macroeconomic job creation is an important factor in
the rate and quality of reemployment.  If many new jobs
are being created, a worker’s chances of successful 
reemployment increase.  Unfortunately, levels of job
creation in the most recent economic expansion of the
U.S. economy have been unusually low.  Although most
macroeconomic indicators, such as robust expansion of
the gross domestic product (GDP), have been favorable,
job creation has been far weaker than during any other
recent recovery from recession.

There are a few good explanations for why the eco-
nomic expansion has not generated jobs up to historical
norms.  In the 44 months since the recession ended in
November 2001, the economy has created 2.907 million
new jobs, or an average of 793,000 jobs per year.  Job
creation for the 44 months after the previous recession,
which ended in July 1991, was 8.575 million jobs, an
average of 2.339 million per year.  Just to keep up with
new entrants in the labor force from demographic
changes, the economy must create about 1.8 million
jobs per year.  Therefore, adjustment is more difficult
than usual for displaced workers trying to find employ-
ment in their own or other occupations.

2 The term offshoring as used in this paper encompasses offshore out-
sourcing.

Job creation during the latest
economic recovery has been
weaker than during any other

recovery from recession.
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As Figure 1 shows, U.S. electrical and electronics
engineers and computer scientists experienced higher
levels of unemployment in the past four years than 
during any other four-year period since 1972.  In 2003,
for the first time, the unemployment rate for electrical
and electronics engineers (6.2 percent) exceeded the
national unemployment rate (6 percent).  To put this in
historical perspective, throughout the whole decade of
the 1980s, unemployment among electrical and elec-
tronics engineers never rose above 2 percent, despite
national unemployment rates that peaked at 9.7 percent.

In addition, because of the slack labor market, wages
of those who are employed fell slightly.  For the first time
in the 31 years that IEEE-USA has been surveying its
members, median compensation declined in 2003.
Although unemployment rates improved markedly
among electrical and electronics engineering in 2004,
this was partly due to increased hiring and partly due to
engineers dropping out of the profession and looking for
work in other occupations. Electrical and electronics job
creation has not been robust enough to make up for ear-
lier losses. 

Many factors, such as the telecommunications bust,
have contributed to the slack market for electrical and
electronics engineers.  But, understandably, they have
expressed greater concerns about offshoring than some
other professionals, such as accountants, who have ben-
efited from high demand generated by the Sarbanes-
Oxley regulations.  In addition, engineers who are
unemployed for an extended period of time may face
higher burdens than the average U.S. worker.  If it’s true
that “the half-life of an engineer is three to five years,”
engineers who are out of work for a year or more risk los-
ing cutting-edge skills much more rapidly than displaced
workers in other occupations.

Mix of U.S. Occupations

The second effect of offshoring predicted by econo-
mists is a change in the mix of U.S. occupations, as some
jobs migrate to more efficient (lower cost) overseas loca-
tions.  As some sectors are lost, the United States will
specialize in sectors in which it has a comparative
advantage.  However, there is no guarantee that the 
new mix of U.S. occupations will be better.  In fact,
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FIGURE 1   Unemployment rates for U.S. electrical and electronics engineers.  Source:  IEEE-USA, adapted from BLS, 2004.
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economists cannot predict what types of new jobs will
be created.  This is a key policy question that no one
can answer at this point.  It is also a practical question.
At every IEEE meeting I attend, I am invariably asked,
“What new jobs should I be training for?  What new
skill sets will I need?”

Educators are grappling with the same questions.
Engineering educators want to adjust curricula to help
immunize their students against offshoring.  But because
most companies are reluctant to reveal their plans for
offshoring, and because the government is not collect-
ing data, we are all left to speculate about what kinds of
jobs will go and what kinds will stay.  

If the United States relinquishes many engineering
and technology jobs, will we be able to replace them with
better jobs?  If the replacements are nontechnology jobs,
how will that affect our ability to drive technological
innovation?  Conventional economic theories do not
explicitly account for the impacts of offshoring on tech-
nological innovation and national security.

Wage Suppression

The third predicted effect on employment is wage sup-
pression in jobs that are newly tradable across borders.
Workers in these occupations are suddenly facing much
more competition, which means they have less bargain-
ing power.  As some try to shift into nontradable tasks in
the same or new occupations, competition for these jobs
will also increase.  Some observers believe that wage sup-
pression, rather than job loss per se, will be the most sig-
nificant effect of offshoring on U.S. employment.

Observable Trends in Offshoring

The types of jobs moving offshore do not follow a
simple pattern, such as tasks requiring lower education
levels moving offshore and higher level tasks remaining
in the United States.  Clearly, at least some high-level
engineering design tasks are being moved offshore, and
the primary driver is lower wages.  Many top technol-
ogy firms, such as Microsoft, General Electric, Google,
and others, are building research and development cen-
ters in low-cost countries, and job openings posted on
the websites of technology companies indicate that
overseas engineering hires often require advanced
degrees and experience.  And the trend is not limited
to established or mature companies.  Many venture
capital firms now require that the start-up firms they
fund have offshoring plans.

IT services is the first-mover sector in the current,

nonmanufacturing wave of offshoring.  Thus, IT may be
an indicator of things to come for other sectors.
Because many of the larger IT firms are publicly traded,
we can understand how offshoring is unfolding in IT
services by examining their financial reports.  Table 1
shows comparative basic financial data for the largest
IT services firms with traditional business models and
for firms that started with an offshore outsourcing 
model.  As you can see from the table, two of the major
offshore outsourcing companies, Infosys and Wipro
(both based in India), have higher market valuations
than their U.S.-based competitors, Electronic Data Sys-
tems (EDS), Computer Sciences Corporation (CSC),
and Affiliated Computer Services (ACS).  In 2004, 
for example, EDS had $21 billion in revenue and 
a $10.3 billion market valuation; Infosys, with only 
$1.6 billion in sales, had a $20.5 billion market valua-
tion.  In other words, Infosys has twice the market cap-
italization of EDS with one-twelfth the sales.

Profit Margins

The reason for the high valuation of offshore out-
sourcers is quite simple.  They have significantly higher
profit margins, also shown in the table.  In 2004, Infosys
and Wipro had net profit margins of 31 percent and 
20 percent, respectively, while EDS and CSC had net
margins of 0.8 percent and 5.8 percent.  And these dif-
ferentials have been sustained for the past five years.

These comparisons demonstrate that IT offshore out-
sourcers are hardly small players.  In fact, they are actu-
ally the market leaders.  Rapid sales growth (39 percent
for Wipro) results in rapid job growth (45 percent, or
14,500 new workers).  Infosys added as many employees
in the last quarter, approximately 5,000, as it did in its
entire preceding fiscal year.

Rapid growth has enabled offshore outsourcing firms
to raise extraordinary sums from public offerings on
stock markets.  At the same time last year that Google

Indian offshore outsourcing
firms have significantly

higher profit margins than
their U.S. counterparts.
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was raising $1 billion in an initial public offering (IPO)
on Wall Street, Tata Consultancy Services, the largest
Indian IT firm, raised a similar amount with an IPO on
the Indian stock exchanges.

Indian offshore outsourcing firms have significantly
higher profit margins than their U.S. counterparts for
three reasons.  First, and most important, profit margins
on work performed offshore are higher than work done
on site in the United States.  Because a larger share of
the staffs of offshore outsourcers is located overseas,
these companies have higher profit margins than firms
with traditional business models.

Second, the Indian government grants tax holidays
on software and business process outsourcing exports.
This advantage translates into much lower effective tax
rates for Infosys and Wipro (between 13 and 14 percent)
than for most U.S. companies, which had effective tax
rates of approximately 35 percent.

Finally, many offshore outsourcing firms, based in
India and the United States, are using the U.S. 
government-administered H-1B specialty occupation
and L-1 intracompany transfer temporary visa pro-
grams to gain competitive advantages.  The vast
majority of the employees of these companies in the
United States are H-1B or L-1 visa holders.  Very few
American citizens or permanent residents are hired
and, in general, H-1B holders are not sponsored for
permanent residence.  

This serves two purposes.  First, it enables companies
to pay their on-site workers lower wages than compara-
ble U.S. workers.  Second, it facilitates the transfer of
work overseas by providing a training ground for key

employees.  Foreign workers on site in the U.S. for
extended periods of time gain critical experience with
the most sophisticated customers.  

In many cases, workers are part of a formal process
known as “knowledge transfer,” whereby U.S. workers
are asked to train their foreign replacements.  In some
cases, this is a condition for the U.S. worker to receive
severance pay and unemployment insurance.  The for-
eign workers then return to the offshore location where
they effectively act as liaisons to customers; in addition,
they train additional offshore workers.

Companies with traditional business models are
responding to these market leaders by moving more of
their labor overseas.  IBM will reportedly increase its
head count in India from 6,000 in 2002 to 38,000 by the
end of 2005.  Accenture recently announced plans to
increase its head count by 30,000 in India, China, and
the Philippines over the next three years.  EDS has
announced that 20,000 jobs are being moved from high-
cost to low-cost countries.

The robust hiring in India has spurred salary increases
for some Indian technology workers.  For example,
Infosys has announced that its offshore salaries have
increased 13 to 15 percent.  However, salaries are not
increasing across the board; most of the increases went
to middle-level workers but not to entry-level or senior-
level workers.  Of course, the increases are on very low
salaries, mostly in the range of $12,000 to $15,000, and
it is unlikely that offshore wages will approach U.S. lev-
els anytime soon.  

In addition, a new labor supply is coming on line 
to meet demand as Indian universities turn out more 
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TABLE 1   Comparative Financial Data for Traditional IT Firms and Offshoring IT Firms

Traditional Model Offshore Outsourcing Model

EDS CSC ACS WIPRO INFOSYS COGNIZANT

Market Valuation (billions) $10.3 $8.1 $6.2 $15.3 $20.5 $6.5 

Employees 117,000 90,000 43,000 46,500 36,800 15,300

Sales (millions) $20,669 $14,059 $4,106 $1,865 $1,592 $587 

Net Profit Margin 0.8% 5.8% 12.9% 19.5% 30.8% 17.1%

Employee Growth –11% 0% 8% 45% 43% 66%

Sales Growth 0% –5% 8% 39% 50% 59%

Profit Growth –109% 56% 73% 58% 53% 75%

Source:  2004 annual reports submitted to the U.S. Securities and Exchange Commission.
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graduates, more workers rotate through the United
States on H-1B visas, and more developing countries
become attractive places for IT services.  Indian IT
firms, concerned about competition from even lower
cost providers in China, are opening operations there.
Tata Consultancy Services, for example, recently
announced a joint venture with the Chinese govern-
ment and Microsoft to help China enter the market.
Thus, the primary attraction for companies to off-
shore—large wage differentials between U.S. and for-
eign workers—is likely to persist even as demand
increases.

Policy Responses

There are no easy answers or silver bullets to the com-
plex economic and employment challenges associated
with offshore outsourcing.  The general areas in which
policy changes can help fall into six categories:

1. Collecting better intelligence to improve labor mar-
ket signals and clarify the impacts of offshoring on
technological innovation and national security.

2. Ensuring that government policies, such as tax incen-
tives and visa programs, do not accelerate offshoring.

3. Taking preventive measures to help workers adapt
before they are displaced.

4. Providing palliative measures to help workers who are
hurt.

5. Providing recuperative measures to help workers
obtain better reemployment.

6. Adopting measures to expand technological frontiers
and accelerate the creation of high-wage jobs.  (The
focus should be on solutions that are geographically
“sticky” and that help workers rather than companies.)

More than two years ago I dubbed the policy debate
on offshoring the “new competitiveness debate” because
I think lessons can be learned from the 1980s debate on
competitiveness.  The old debate has been extensively
chronicled by Dr. Kent Hughes in his new book, Build-
ing the Next American Century: The Past and Future of
Economic Competitiveness (2005).  The most important
lesson to be learned is that it takes time and creativity
to generate sound public policy responses to major eco-
nomic shifts.

The key difference between the new and old debates
on competitiveness is that workers today are much more
likely than companies to be adversely affected.  This 

difference means that the practical and politically
acceptable solutions that were used in the past will not
work this time, and I suspect this will make it much more
difficult to move forward.  Many companies will be able
to adapt to the new competitiveness challenge by substi-
tuting foreign for U.S. labor.  Thus, they may succeed
against their competition, but without U.S. workers.

The current competitiveness challenge has compa-
nies pitting U.S. workers against foreign workers, and
companies are taking the latest technology and capital
to the lowest cost labor, thereby eliminating a tradi-
tional advantage for U.S. engineers.  This creates a prac-
tical problem because most of our established policy
mechanisms are designed primarily to help companies.
For example, increased government spending on R&D
may lead to breakthroughs in nanotechnology in the
United States, but the bulk of the jobs created from the
design, development, and production of the resultant
products may be overseas, as companies quickly or vir-
tually transfer the latest tools, technologies, and tech-
niques to low-cost overseas engineers.

Therefore, policy responses proposed by some business
groups, such as doubling the number of U.S. engineering
graduates, are not likely to be effective unless they are
accompanied by substantive changes in engineering edu-
cation to provide different skills than those of foreign
engineers.  We need different, not more, scientists and
engineers.  Achieving this will be much more difficult
than most people realize, but it is time we begin to talk
about the best ways to respond to offshoring.

Reference

BLS (Bureau of Labor Statistics).  2004.  Displaced Workers Sur-
vey.  Washington, D.C.:  U.S. Department of Labor.  A sum-
mary of the survey is available online at:  http://www.bls.gov/
news.release/disp.nr0.htm.

Hira, R., and A. Hira.  2005.  Outsourcing America: What’s
Behind Our National Crisis and How We Can Reclaim
American Jobs.  New York:  AMACOM Books.

Hughes, K.H.  2005.  Building the Next American Century:
The Past and Future of Economic Competitiveness.  Balti-
more, Md.:  Johns Hopkins University Press.

Gomory, R.E., and W.J. Baumol.  2001.  Global Trade and
Conflicting National Interests.  Cambridge, Mass.:  MIT
Press.

Samuelson, P.A.  2004.  Where Ricardo and Mill rebut and
confirm arguments of mainstream economists supporting
globalization.  Journal of Economic Perspectives 18(3):
135–146.



Wm. A. Wulf is president of the

National Academy of Engineering

and AT&T Professor of Engineering

and Applied Science, Department

of Computer Science, University of

Virginia.

Wm. A.Wulf

A Disturbing Mosaic

The United States is trading the long-term health of

U.S. research and education for the appearance of

short-term security.

I assume that all of you have read or heard a discussion of Tom Friedman’s
book (2005), The World Is Flat.  But just in case, I’ll restate Friedman’s
premise:  the international economic playing field has become flat(ter) and
is now “more level” than at any time in the past.  This “flattening” is the
result of information technology and a glut of inexpensive bandwidth, which
has made it possible for American companies to locate call centers in India,
coordinate complex supply chains and work flows that enable manufactur-
ing in China, and do “back office” work in India (e.g., Indian radiologists
now read x-rays and CAT scans from U.S. hospitals, etc.).  Offshoring, out-
sourcing, and Lou Dobb’s “Exporting of America” are all manifestations of
this leveling.

Friedman argues that, despite the dangers, a flat world is a good thing on the
whole—both economically and geopolitically.  Lower costs benefit both con-
sumers and shareholders in developed countries, he says, and a rising middle
class in India and China will become consumers of their own products and
ours.  That same rising middle class also has a stake in frictionless interna-
tional commerce—and hence in stability, peace, and the rule of law.  But,
Friedman says, there will certainly be problems during the transition, and
whether or not global flatness is good for a particular country depends on
whether that country is prepared to compete on the rough-and-tumble, 
level, global playing field.
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I was prompted to write this paper by a few lines at the
very end of Chapter 6 in which Friedman describes what
a country must do to prosper in a flat world:

But have we [meaning the United States] really been
investing in our future and preparing our children the
way we need to for the race ahead?  See the next Chap-
ter.  But here is a quick hint:

The answer is no.

I am concerned not only about our lack of prepara-
tion, but also about a host of related issues.  In this paper,
I will raise some of these concerns, but I don’t pretend
to offer solutions to them.  Some of these issues are tech-
nical and some are not—in fact, some of them are polit-
ical (not political-party political, but “bringing the rest
of the body politic along” political).  Engineers tend to
shy away from such things—but the stakes are too high,
in my view, for us to do that now.  My goal is to provoke
a conversation in the larger engineering community.

Freidman talks about a “quiet crisis.”  I have called it
a “creeping crisis,” but I think we mean the same thing.
You all know the storied procedure for boiling a frog.
They say that if you drop a frog into boiling water, it will
jump out.  But, if you put a frog in cool water and heat it
very slowly, the frog won’t jump out, and you’ll get a
boiled frog.  The theory is that incremental rises in tem-
perature are not enough of a crisis to make the frog react.
I don’t know if this story is true, but it fits my purpose—
the slowly warming water is a creeping crisis for the frog!

Our creeping crisis is not a slow, one-dimensional
change like the frog’s water temperature.  We are facing
a number of problems—not just outsourcing/off-
shoring—each one like a tile in a mosaic.  No problem
by itself creates the sort of crisis that provokes action.
But if you stand back and look at the whole collection
of problems, a disturbing picture emerges—a pattern of
short-term thinking and a lack of long-term investment.
It’s a pattern for preserving the status quo rather than
reaching for the next big goal.  It’s a pattern that pre-
sumes that we in the United States are entitled to a bet-
ter quality of life than others and that all we have to do
is circle our wagons to defend that entitlement.  It’s a
pattern that does not balance the dangers and opportu-
nities in current circumstances.

In 2001, the Hart-Rudman Commission, which pro-
posed the establishment of a Department of Homeland
Security, put the matter this way:

… the inadequacies of our system of research and edu-
cation pose a greater threat to U.S. national security

over the next quarter century than any potential con-
ventional war that we might imagine.

That report was written before 9/11, but had it been
written afterward, I am sure “conventional war” would
have been expanded to include the struggle against ter-
rorism.  Yet, as a country, we seem to make decision after
decision to address problems in ways that trade the
appearance of near-term security for the reality of long-
term damage to our system of research and education—
and hence to our real security.  The problems facing us
can be grouped into two clusters:  reactions to 9/11 and
disinvestment in our future.

Cluster 1: Reactions to 9/11

Three of the pieces in my mosaic are reactions to
9/11, clear examples of trading the appearance of secu-
rity for long-term damage.  I am the first to acknowledge
that 9/11 really did change things and that it is entirely
appropriate that we rethink our “balance point” with
respect to each of these issues.  The nature of our adver-
sary has changed.  The Soviet Union was both a “ratio-
nal actor” and exquisitely “research capable”; terrorist
cells are neither.  We wanted the Soviets to know
enough about our capabilities so they wouldn’t miscal-
culate our capabilities.  In addition, there was no sense
in hiding what they were perfectly capable of reproduc-
ing.  Although the same disclosures today might be
counterproductive, the actions described below have
not improved our security.

New Visa Policies

Much has been written about the impact of new visa
policies on students.  Although the situation has
improved somewhat in the last several months (as of this
writing, the average time for processing visas for students
is less than two weeks), I am still concerned because the
distribution has a “long tail.”  Some students must still
wait a year or more for visas, and some senior scholars,
including a Nobel laureate, are still being subjected to
lengthy, demeaning treatment.  These cases, not the

We are intent on preserving
the status quo rather than

reaching for the next big goal.
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shorter processing time, are being reported in the inter-
national press, and as a result, instead of the United
States being seen as a welcoming “land of opportunity,”
it is now seen as exactly the opposite.  When coupled
with new, demeaning procedures for photographing and
fingerprinting visitors, we are not just discouraging stu-
dents, international conferences in the United States,
and collaboration with our international colleagues.  We
are dramatically altering the image of our country in the
eyes of the rest of the world.

Do these measures materially increase our security?  I
don’t know what I don’t know, of course, and classified
information might indicate that they do.  But with an
estimated 10 million people who have entered the
country illegally and an immense traffic in drugs and
other illegal imports, it strains the imagination to think
that a dedicated terrorist and his/her weapons will be
stopped by these policies.

Export Controls

Export controls were first instituted in the United
States in 1949 to keep weapons technology out of the
hands of potential adversaries.  But they have also been
used as an economic tool against our competitors.  The
export of controlled technology requires an “export
license” from either the U.S. Department of Commerce
or State.  In addition, since 1994 the disclosure of infor-
mation about a controlled technology to certain foreign
nationals (even in the United States) has been
“deemed” to be the export of the technology itself.
Thus, disclosure also requires an export license.

Reports of the inspectors general (IGs) of the U.S.
Departments of Commerce, Defense, and State have
suggested that the implementation of the rules govern-
ing deemed exports be tightened further.  For example,
they have suggested that the exemption for basic
research be altered, and possibly eliminated, and that
the definition of “access” to controlled technology be
broadened.

The university community is rightly concerned that a
literal interpretation of the IGs’ suggestions would
essentially preclude foreign graduate students from par-
ticipating in research and would require an impossibly
complex system to enforce.  Given that 55 percent of
the Ph.D. students in engineering in the United States
are foreign born, the effect could be catastrophic.

Again, one might ask if these policy changes would
improve our security.  And, again, with the same caveat,
I would point out that the United States is not the only
research-capable country; China and India, for exam-
ple, have recognized the value of research universities
to their economic development and are investing heav-
ily in them.  By putting up barriers to the exchange of
information about basic research, we wall ourselves off
and slow our own progress.  At the same time, the infor-
mation we are “protecting” is often readily available
from other sources.

The current idea that foreign students in our univer-
sities represent a danger to our security must be balanced
with the advantages of having them here:

• Einstein, Teller, Fermi, and many other immigrants
enabled the United States to have the bomb before
Germany.

• Many students from abroad stay in this country and
contribute greatly to our economy.

• Foreign students who return to their home countries
are often our best ambassadors.

• The United States benefits economically from open
trade, and our security is reinforced by a better qual-
ity of life in developing countries.

• The quality of life in the United States has improved
from sharing scientific results, enabling us to “move
faster” in the development and adaptation of new
technologies.

• We benefit from funding basic research on the princi-
ples of nature and from a generally educated citizenry.

Sensitive but Unclassified Information

The proliferation of information designated “sensitive
but unclassified” (SBU) is a less publicized problem than
visas or deemed exports, but it has become a complicat-
ing factor in academic research and a bane to the
National Academies.  On the one hand, we agree that
the issue needed to be revisited after 9/11.  Some things
not covered by traditional classifications—some

We are dramatically altering
the image of our country in the
eyes of the rest of the world.
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biotechnology, for example—clearly would be better
kept from a less research-capable adversary.

On the other hand, classifying SBU information is
not backed by the precise laws, limited and specified
authority to classify, mandatory declassification after a
period of time, and a philosophy of “building high fences
around small places” that are associated with the tradi-
tional classification of information.  There are no laws,
no common definitions, and no limits on who can
declare information SBU.  In some cases, the SBU clas-
sification appears to be used to suppress criticism.  In
other cases, it is being used to try to restrict the publi-
cation of legitimate research results.

There is no question that we need a serious discussion
about new kinds of information that should be classi-
fied.  But we are not having that discussion.  The whole-
sale application of the SBU classification is more
damaging to us than seems to be understood by those
who use it.

Cluster 2: Disinvestment in the Future

A second cluster of pieces of my mosaic has to do with
disinvestment in the future.  Continued prosperity and
security have always required that we forego some current
consumption to ensure a better quality of life in the future.
Aside from our notoriously poor individual savings rate, 
I think we are also failing to invest (save) collectively.

Demise of Corporate Research and Development

The U.S. research structure evolved after World War II
as a self-reinforcing triangle of industry, academia, and
government.  Today, one side of that triangle—indus-
try—is missing, and the remaining structure is much less
stable.  Some of the most important fundamental research
in the last century was done in corporate laboratories—
Bell Labs, GE Research, IBM Research, and others.
Today, only vestiges of these laboratories still exist, and
they have a much shorter time horizon and are heavily
focused on product development.

Some would say that the demise of corporate
research is the result of the short time horizon of the
stock market and/or the demise of the regulated
monopoly in telecommunications.  Undoubtedly, both
of these are important factors.  But I think it also rep-
resents a failure to consider research an investment
rather than an expense—in effect, saying research per
se has no lasting value.  As a result, instead of develop-
ing public policies that encourage corporate research,
we are doing just the opposite.

Funding for Research in Physical Science and Engineering

Although support for research in the life sciences has
increased enormously, funding for research in most
physical sciences and engineering has declined or
remained flat for several decades.  This seems ironic
because many of the medical devices and procedures we
enjoy—endoscopic surgery, smart pacemakers, dialysis
machines, imaging technologies (e.g., MRI, CAT scans,
and PET scans), just to mention a few—are the results
of research and development in the physical sciences
and engineering.

Coupled with, and perhaps caused by, the stagnation
of funding levels, federal funding agencies have become
increasingly risk averse and have focused increasingly
on short-term results.  The most obvious example is the
Defense Research Projects Agency (DARPA), which
used to be a shining example of investment in long-
term, visionary research.  DARPA now has a limit of
three-year contracts with reviews every 12 months.

I believe that even the National Science Foundation
is becoming increasingly risk averse, although this is
difficult to quantify.  A more concrete example is at the
National Institutes of Health where a recent National
Academies study revealed that the average age at which
a principal investigator receives his or her first grant 
is 42—partly because of requirements for evidence of
an extensive “track record” (to reduce the risk).  Ironi-
cally, reducing the risk for individual research projects
increases the risk that breakthrough, “disruptive tech-
nologies” will not be found—the kind of breakthroughs
that could yield huge returns.

Higher Education as a Private Good

Historically, the United States has considered higher
education a public good.  That is, we agreed as a society
that educated citizens benefited the country as a

Funding for research 
in physical sciences 
and engineering has 

declined or remained flat 
for several decades. 



The
BRIDGE32

whole—not just the individuals who received the edu-
cation.  That is why we supported universal K–12
schooling; that is why we created the land grant colleges
in the 1860s; that is why a system of superior state uni-
versities was created and generously supported and why
scholarships were given to needy students; and that is
why we passed the GI Bill after World War II and the
National Defense Education Act in the 1950s.

Today, however, state support for state universities is
disappearing, tuitions are soaring to replace that sup-
port, and we offer students loans rather than scholar-
ships.  These are all indications that we, as a society,
now view higher education as a private good, that is, of
value only to the individual student.

A particularly disturbing aspect of this change is 
the impact on economically disadvantaged students.
College (and specifically engineering) has been a tradi-
tional path for upward economic mobility (the author is
but one example).  The shift to treating higher educa-
tion as a private good, and the resultant shift in cost 
burden, have made it much more difficult for students
from disadvantaged backgrounds to follow that path.  
In the long run, the nation will suffer from the lack of
new talent that was made possible through affordable,
accessible, public higher education.

Loss of Human Capital

An educated, innovative workforce—human capi-
tal—is the most precious resource of any country and is
crucial in this new, flat world.  Yet the number of engi-
neering undergraduates in the United States peaked in
the mid-1980s and declined by 25 percent during the
1990s.  The number has rebounded recently—but not to
the 1985 level.  In fact, China and India both have
about five times as many engineering undergraduates,
and the United States now graduates only about 7 per-
cent of engineers worldwide.  Even more troubling, the
percentage of undergraduates studying engineering in

the United States is the second lowest among developed
countries—4 to 5 percent in the United States com-
pared to 12 percent in most European countries and
more than 40 percent in China.

Conclusion

I have mentioned just some of the “tiles” in the
mosaic, but many other problems could be added to the
list—such as the failure to address the energy issue and
the accumulation of greenhouse gas emissions—to
complete this depressing picture.  But these seven tiles
reveal a common characteristic—they all give the
appearance of providing short-term gains and conceal
real long-term losses.

In closing, let me circle back to the issue of our flat
world and the outsourcing/offshoring of U.S. jobs, espe-
cially jobs in science and engineering, which are the
backbone of U.S. innovative capacity.  I don’t believe
that outsourcing/offshoring is a piece of the mosaic, but
a protectionist reaction to it is.  Of course, we must help
those who lose their jobs, by providing financial assis-
tance and retraining, for example, and it may even be
appropriate to protect some jobs as a short-term tactic.
But in the end, the country will be strengthened only 
by learning to compete in this new, flat world. Among
other things, that means that we engineers must deliver
value that justifies our cost, but the U.S. engineering
community has yet to figure out how to do that.  

Addressing just one part of the problem, however, is
not enough.  Unless we address the broad issue of short-
term thinking, our children will live in a much less priv-
ileged country, and perhaps one substantially less
comfortable on an absolute scale.
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Charles Elachi, vice president of
Caltech, director of the Jet Propul-
sion Laboratory (JPL), and professor
of electrical engineering and plane-
tary science, has been chosen to
receive the Bob Hope Distin-
guished Citizen Award for 2005 “in
recognition of outstanding dedica-
tion and service to the national
security of the United States.”  The
award will be presented by the
National Defense Industrial Associ-
ation at a black-tie dinner on Febru-
ary 25.  During his 30-year career at
JPL, Elachi has “played the lead role
in developing the field of space-
borne imaging radar from a small
research area to a major field of sci-
entific research and application.”

Robert W. Galvin, retired presi-
dent and CEO of Motorola Inc.,
received the Vannevar Bush Award
for his lifetime contributions to the
nation in science and technology.
The award, given by the National
Science Board, was presented at a
dinner ceremony on May 25, 2005.

Eta Kappa Nu (HKN), the honor
society for electrical and computer
engineers, has recognized Bernard
M. Gordon as an Eminent Member,
the society’s highest honor.  Dr. Gor-
don was recognized for his role in the
development of pioneering tech-
nologies that have contributed to
major advances in industrial instru-
mentation, medical imaging, com-
puter systems, aerospace telemetry,
and communications.

The Dan David Prize, awarded by
the Dan David Foundation at Tel
Aviv University, recognizes laureates

who have contributed significantly to
past, present, and potential (future)
human development.  Each year an
international panel of renowned
scholars and professionals chooses
laureates for each category.  Robert
Langer, Institute Professor, Massa-
chusetts Institute of Technology, and
George Whitesides, Woodford L. and
Ann A. Flowers University Professor,
Department of Chemistry and
Chemical Biology, Harvard Univers-
ity, received the Future Time
Dimension Award for 2005.

Donald R. Paul, Ernest Cockrell
Sr. Chair in Engineering and direc-
tor, Texas Materials Institute, Uni-
versity of Texas at Austin, was
awarded the 2005 Herman F. Mark
Polymer Chemistry Award for “his
research and leadership in major
areas of polymer science and engi-
neering.”  The biennial award will be
presented to Dr. Paul at the fall meet-
ing of the American Chemical Soci-
ety Polymer Chemistry Division.

The Consul General of Italy
recently presented the prestigious
Italian recognition of Cavaliere, an
honorary knighthood, to Celestino
R. Pennoni, chairman of the board
of Pennoni Associates Inc. This
civic honor is bestowed by the pres-
ident of the Italian Republic.

Tau Beta Pi, the engineering
honor society, has selected H. 
Vincent Poor, George Van Ness
Lothrop Professor in Engineering,
Princeton University, as its Distin-
guished Alumnus for 2005.  Dr.
Poor will receive a commemorative
plaque, and a $2,000 scholarship

will be given to a deserving student
member in his name.  Dr. Poor was
selected for “outstanding achieve-
ments in teaching and advance-
ments of professional engineering.”

Robert A. Pucel, retired consult-
ing scientist, Raytheon Company,
and his colleague and collaborator,
Dr. Hermann Statz, received the
Microwave Pioneer Award from the
Microwave Theory and Techniques
Society (MTT-S) of the Institute of
Electrical and Electronic Engineers.
The Pioneer Award is given in
recognition of a major, lasting con-
tribution published in an archival
journal at least 20 years prior to the
year of the award.  Drs. Pucel and
Statz were honored for “develop-
ment of the first comprehensive
physics-based model of the short-
gate Field Effect Transistor  (FET)
and a design tool which has played a
significant role in the emerging field
of Monolithic Microwave Integrated
Circuits (MMICs).”

Richard A. Tapia, Noah Harding
Professor of Computational and
Applied Mathematics, Rice Univer-
sity, was recently recognized as one
of the 50 Most Important Hispan-
ics in Technology and Business for
2005 by Hispanic Engineer and Infor-
mation Technology magazine.  Hon-
orees are chosen based on their work
in a field of technology and their
institutional leadership.

Wm. A.Wulf, president, National
Academy of Engineering, was selected
by the Washington Academy of Sci-
ences (WAS) to receive the 2005
Distinguished Career in Science

NAE News and Notes
NAE Newsmakers



The
BRIDGE34

and Engineering Award.  Founded
in 1898, WAS has been honoring
distinguished Washington-area sci-
entists since 1940.  Dr. Wulf was also
elected a Foreign Fellow of the Aus-
tralian Academy of Technological

Sciences and Engineering.  Fellows
are elected on the basis of their per-
sonal achievements in the tech-
nological sciences or engineering. 
The Certificate of Fellowship was
presented to Dr. Wulf on July 12 at

the 2005 International Council of
Academies of Engineering and Tech-
nological Sciences (CAETS) Con-
vocation in Cairns, Australia.

Bruk T. Berhane (NAE/CDEW)
is pursuing an M.S. at George
Washington University in engi-
neering management, with a focus
on energy and environmental 
management.  He expects to gradu-
ate in May 2006.  Bruk received 
his B.S. in electrical engineering
from the University of Maryland in
May 2003. 

During the 2002 to 2003 acade-
mic year, Bruk was president of the
University of Maryland chapter of
Eta Kappa Nu, the national honor

society for electrical and computer
engineering.  He was also selected
for membership in the Ronald E.
McNair Post-Baccalaureate Achieve-
ment Program and was awarded a
Meyerhoff Scholarship from the
University of Maryland, Baltimore
County.  

Bruk worked at the Johns Hop-
kins University Applied Physics
Laboratory in the Research Tech-
nology Development Center from
2003–2005.  He is also actively
involved with the Maryland Busi-
ness Roundtable for Education
(MBRT).

This summer, Bruk worked in the
Diversity in the Engineering Work-
force Program.  His primary task was
to upgrade/update the EngineerGirl!
website.  In addition, he held four
focus groups with middle school girls
to assess their receptivity to Engi-
neerGirl!.  Bruk and several other
policy fellows at the National Acad-
emies planned and presented an

educational seminar on the costs
and benefits of implementing a
national identification card system.

Bruk’s career goals are to serve as an
advisor or educator on scientific and
technological issues, either as an elect-
ed official or through an outreach
office affiliated with an educational
institution or a nonprofit organiza-
tion. This fall, Bruk will be teaching
10th-grade algebra and geometry at
Baltimore Polytechnic Institute.

Kristen Bethke received an M.S. 
in aeronautics and astronautics 
from the Massachusetts Institute of
Technology in June 2005, and she
will return in the fall as a Ph.D. 
candidate.  She earned her B.S. in
mechanical and aerospace engineer-
ing from Princeton University in
2003.  At MIT, Kristen conducted
her master’s research on advanced
spacesuit design.  Although she is still
passionate about space exploration,
she is now using her engineering
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background to explore new opportu-
nities, such as applying engineering
concepts to primary education.  As a
result of weekly volunteer sessions
helping out in K–12 science class-
rooms, Kristen has become deeply
concerned about the shortcomings of
science education and the lack of
technological literacy in our schools.
In her future studies, her goal is to
demonstrate the educational effect of
challenging young students to use
math and science to solve real prob-
lems in real communities.

As a Christine Mirzayan Fellow at
NAE, Kristen worked in the Center
for the Advancement of Scholarship
on Engineering Education (CASEE),
specifically on the CASEE Chron-
icles, a publication that features the
work of groups and scholars affiliated
with CASEE.  Kristen surveyed the
latest educational research results
and successful programs of the 
28 CASEE-affiliated groups and
compiled the information into a 
publication intended to disseminate
the information to educators and
influence policy makers to provide
more support for reform in engineer-
ing education.

Ashrujit Mohanty, who is pur-
suing his D.Sc. in computer engi-
neering at George Washington
University, received his bachelor’s
degree in computer science and
engineering from the National Insti-
tute of Science and Technology at
Berhampur University, India, in
October 2002.  He worked as an
assistant system engineer at Tata
Consulting Services in Mumbai,
India, for a year before going back to
school for graduate studies.  

Ashrujit is a research assistant 
at George Washington University
in the High Performance Comput-
ing (HPC) Laboratory working on
parallel distributed computing, 

parallel languages, and bench-
marking of HPC systems.  He is also
a youth coordinator and volunteer
at the National Council of Asian
Indian Associations (NCAIA)
(http://www.merabharatmahan.org)
where he helps organize socio-
cultural events for the Asian-
Indian community in the Washing-
ton, D.C., area.

As a Christine Mirzayan Gradu-
ate Policy Fellow at the National
Academies, Ashrujit worked in
CASEE on several projects.  For a
project being conducted in collabo-
ration with Sigma Xi, the scientific
research society, Ashrujit summa-
rized the availability, outcomes, and
effectiveness of programs designed
to attract new students to engineer-
ing education and retain students
who have already expressed an
interest in engineering.  The pro-
gram focuses on precollege and 
early undergraduate students.

As part of a project being con-
ducted by CASEE Boeing Engineer-
ing Education Senior Fellow Dr.
Christine Grant, Ashrujit identified
prominent African-American and
Hispanic-American engineers in
industry and government to provide
material for leadership seminars
bringing together minority students
to learn about their predecessors and
encourage the development of peer
mentoring networks.  Ashrujit also
participated in a project that com-
plements an activity of the World
Bank to find ways to leverage the
educational infrastructures of insti-
tutions that serve minority groups to
launch a continent-wide initiative
for scientific and engineering educa-
tion in sub-Saharan Africa.  Finally,
Ashrujit participated in benchmark-
ing activities to provide support for
Engineering Education Leadership
Institutes; this project is supported
by the Intel Foundation and

the National Science Foundation.

Devin Stewart is currently finish-
ing his M.S. in aerospace engineer-
ing from Virginia Polytechnic
Institute and State University. His
graduate research is focused on an
experimental wind tunnel study of
rough-wall turbulent boundary lay-
ers using laser doppler velocimetry.
He also teaches upper-level aero-
space laboratory courses.  Devin
earned his B.S. and B.A. in aero-
space engineering and Spanish lan-
guage and literature, respectively,
from the University of Maryland,
College Park.  In the fall of 2001,
Devin worked as an English lan-
guage teacher in Madrid, Spain,
helping business people increase
their proficiency skills.

Devin’s work at CASEE was
focused on issues related to improv-
ing engineering education and stu-
dent retention.  The Christine
Mirzayan Fellowship, he said, gave
him an opportunity to study “how
government can create an environ-
ment conducive to the improve-
ment of science and engineering
education.”

Devin researched current federal
funding levels for engineering educa-
tion research and gathered informa-
tion on strategies to improve the
funding environment.  Based on
conversations with congressional
staff members and education advo-
cates, he attempted to map the polit-
ical landscape and the prospects for
funding of education research.
Despite tight budgets, he found that
several senators and representatives
are focusing on science and engi-
neering education as a critical com-
ponent of America’s competitiveness
in a global economy and a key ele-
ment in national defense.  Devin put
together ideas for raising the profile
of engineering education.
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Statement dated May 18, 2005

Following the terrorist attacks of
September 11, 2001, the U.S. gov-
ernment put in place new safeguards
in the nation’s visa system that made
it extremely challenging for bona
fide international students, scholars,
scientists, and engineers to enter
this country.  While intended to
correct weaknesses exposed by the
attacks, the changes proved to be
significant barriers for legitimate
travelers and created a mispercep-
tion that these visitors were no
longer welcome here.

Other countries have used this
opportunity to attract these individ-
uals to their own educational, scien-
tific, and technical institutions. In
addition, key sending countries
have enhanced their higher educa-
tion systems in an effort to keep
their best students at home.

Despite significant recent im-
provements to the U.S. visa system,
considerable barriers remain that
continue to fuel the misperception
that our country does not welcome
these international visitors, who
contribute immensely to our nation’s
economy, national security, and
higher education and scientific
enterprises.  These misperceptions
must be dispelled soon, or we risk
irreparable damage to our competi-
tive advantage in attracting interna-
tional students, scholars, scientists,
and engineers, and ultimately to our
nation’s global leadership.

One year ago, most of the under-
signed organizations of higher educa-
tion, science, and engineering, in an
effort to enhance national security

and international exchange made a
joint commitment to work with the
federal government to make sensible
changes to the visa system.  We rec-
ommended several improvements,
some of which have been adopted in
the past year.  Today we come
together again to express gratitude
and support for the changes that
have been made, to continue to urge
approval of those that have not, and
to recommend additional improve-
ments, so that America can continue
to compete for and welcome the
world’s best minds and talents.  We
offer the following recommendations
in the spirit of cooperation that has
already resulted in improvements to
the visa system:

• Extend the validity of Visas Man-
tis security clearances for inter-
national scholars and scientists
from the current two-year limit
to the duration of their academic
appointment.  While we appreci-
ate that the limit has already been
extended from one year to two
years, this further extension would
be comparable to that already pro-
vided for international students
and would prevent redundant
security checks that can waste
resources and cause unnecessary
delays and hardships.

• Allow international students,
scholars, scientists, and engi-
neers to renew their visas in the
United States.  Allowing indi-
viduals to complete, or at least
initiate, the visa revalidation
process before leaving the country
to attend academic conferences
or to visit family would reduce,

and in many cases eliminate, visa
delays, thus permitting them 
to continue their studies and
research uninterrupted.

• Renegotiate visa reciprocity
agreements between the United
States and key sending coun-
tries, such as China, to extend
the duration of visas each coun-
try grants citizens of the other
and to permit multiple entries on
a single visa.  We applaud the
State Department’s initial efforts
to achieve this and encourage
continued efforts.  Improved reci-
procity would allow the federal
government to focus its visa
screening resources by reducing
the number of visa renewals that
must be processed.

• Amend inflexible requirements
that lead to frequent student visa
denials.  The Immigration and
Nationality Act of 1952 should
place greater emphasis on student
visa applicants’ academic intent
and financial means to complete
a course of study in the United
States, instead of their ability to
demonstrate evidence of a resi-
dence and employment in their
home country and their intent to
return home.  Up to 40 percent of
student visa applicants from key
sending countries are rejected
because they are unable to
demonstrate to the satisfaction of
consular officials their intent and
ability to return home after com-
pleting their studies.  The United
States is losing too many top 
students to this policy, and the
Act should be revised.

Recommendations for Enhancing the U.S. Visa System to Advance
America’s Scientific and Economic Competitiveness and National
Security Interests



37FALL 2005

• Develop a national strategy to
promote academic and scientific
exchange and to encourage inter-
national students, scholars, scien-
tists, and engineers to pursue
higher education and research
opportunities in the United
States.  In addition to visa reforms,
this strategy should include a plan
to counter prevailing negative per-
ceptions of studying and conduct-
ing research in the United States
and should promote study abroad
by American students.

The following recommendation,
while not related to visa issuance,
addresses a potential barrier to inter-
national scientists and engineers
seeking to study and conduct
research in the United States.

• The federal government should
not require that export licenses 
be obtained for international 
scientists and engineers to 
use equipment required to con-
duct unclassified, fundamental
research in the United States.
The Department of Commerce is
considering expanding existing
regulations to require that licenses
be obtained before certain foreign
nationals are permitted access to
specialized scientific equipment
required for unclassified, funda-
mental research.  Requiring such
licenses would further discourage
top international scientists and
engineers from making the United
States their destination, prompt-
ing them to seek research opportu-
nities overseas.

Lastly, it is essential that ade-
quate resources continue to be 
provided by Congress and the
Administration to administer an
effective visa system and to imple-
ment the above recommendations.

We reiterate our commitment to

work with the federal government to
improve the visa system.  That sys-
tem should maintain our nation’s
security by preventing entry by those
who pose a threat to the United
States and encouraging the entry of
the brightest and most qualified
international students, scholars, sci-
entists, and engineers to participate
fully in U.S. higher education and
research enterprises.  Such a system
will foster American scientific 
and economic competitiveness.  We
commend the Administration for
the improvements made to the visa
system to date, and we look forward
to continuing to work together for
these further needed changes.

[signed]

Nils Hasselmo, President, Association of American 
Universities

Alan I. Leshner, President, American Association for the
Advancement of Science

Bruce Alberts, President, National Academy of Sciences

David Ward, President, American Council on Education

C. Peter Magrath, President, National Association of
State Universities and Land Grant Colleges

Wm. A. Wulf, President, National Academy of Engineering

Harvey V. Fineberg, President, Institute of Medicine

Deborah L. Wince-Smith, President, Council on 
Competitiveness

Marlene M. Johnson, Executive Director and CEO,
NAFSA: Association of International Educators

Marvin L. Cohen, President, American Physical Society

Debra W. Stewart, President, Council of Graduate
Schools

Allan E. Goodman, President and CEO, Institute of
International Education

Constantine W. Curris, President, American Association
of State Colleges and Universities

James M. Tiedje, Ph.D., President, American Society
for Microbiology

Jerry P. Draayer, President and CEO, Southeastern Uni-
versities Research Association

Paul W. Kincade, Ph.D., President, Federation of Amer-
ican Societies for Experimental Biology

Gerard A. Alphonse, 2005 President, Institute of 

Electrical and Electronics Engineers -United States of
America

Dav id  L .  War ren ,  P res iden t ,  National Associa-
tion of Independent Colleges and Universities

Eugene Arthurs, Executive Director, SPIE—Interna-
tional Society for Optical Engineering

Stephen Dunnett, President, Association of International
Education Administrators

Rev. Charles L. Currie, S.J., President, Association of
Jesuit Colleges and Universities

Sally T. Hillsman, Ph.D., Executive Officer, American
Sociological Association

Judith Bond, President, American Society for Biochem-
istry and Molecular Biology

Katharina Phillips, President, Council on Governmental
Relations

George R. Boggs, President and CEO, American Associ-
ation of Community Colleges

Marc H. Brodsky, Executive Director and CEO, American
Institute of Physics

Felice J. Levine, Executive Director, American Educa-
tional Research Association

James E. Morley, Jr., President and CEO, National
Association of College and University Business Officers

Roger Bowen, General Secretary, American Association
of University Professors

Norman B. Anderson, Ph.D., Chief Executive Officer,
American Psychological Association

Richard S. Dunn, Co-Executive Officer, American Philo-
sophical Society

Mary Maples Dunn, Co-Executive Officer, American
Philosophical Society

Richard L. Ferguson, CEO and Chairman of the Board, ACT

John A. Orcutt, President, American Geophysical Union
(AGU)

Jerome H. Sullivan, Executive Director, American
Association of Collegiate Registrars and Admissions
Officers

Steven Block, President, Biophysical Society

Elizabeth A. Rogan, CEO, Optical Society of America

Richard W. Peterson, President, American Association
of Physics Teachers

Alyson Reed, Executive Director, National Postdoctoral
Association

Robert P. Kirshner, President, American Astronomical
Society

Stephen J. Otzenberger, Executive Director. CUPA-HR
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Among the many international
activities of the NAE this summer, I
shall highlight three:  the visit of
President Xu Kuangdi of the Chi-
nese Academy of Engineering
(CAE); the latest meeting of the
International Council of Academies
of Engineering and Technological
Sciences (CAETS); and a discus-
sion at the NAE Council of the
goals and structure of our interna-
tional programs.

President Xu Kuangdi arrived at
NAE on June 6, together with
Ambassador Zhou Wenzhong of the
People’s Republic of China.  After
visiting our main building at 2101
Constitution Avenue, President Xu
and the ambassador engaged in a dis-
cussion on ways to increase collabo-
ration between CAE and NAE
through projects of mutual interest.
The first project will be a joint study
on air pollution in Chinese and
American cities, which will include
visits later this year by American

engineers, scientists, and economists
to Chinese cities followed by recip-
rocal visits by Chinese colleagues to
American cities.  The staff coordina-
tor of the study from the U.S. side is
Jack Fritz, Senior Program Officer,
Engineering and the Environment.
President Wulf and I will travel to
Beijing in mid-September to con-
tinue planning for this and other 
collaborative projects.

The CAETS meeting was held in
Cairns, Queensland (Australia), the
second week of July, under the chair-
manship of Dr. John Zillman, presi-
dent of the Australian Academy of
Technological Sciences and Engi-
neering and current president of
CAETS.  President Wulf, Lance
Davis, and I represented NAE.  

CAETS membership now en-
compasses 23 academies of engineer-
ing worldwide; the secretariat (held
by William Salmon, former NAE
Executive Officer) is in Washington,
D.C.  CAETS meetings are held
once a year in the home country of
the president for that year.  Last year,
the meeting was held in Norway and
was accompanied by a symposium on
energy.  The next meeting will be
held in Brussels in June 2006; it will
be accompanied by a symposium on
hydrogen technology.

The symposium associated with
the meeting this year was Oceans
and the World’s Future.  Sessions
focused on oceans as food resources;

oceans and non-living resources;
oceans and climate; consequences
for humans of the impacts of climate
change on the oceans; oceans and
coastal regions; oceans and transport;
ocean observation, prediction, and
protection; and science, technology,
and engineering for sustainable use
of the oceans.  At the end of the sym-
posium, CAETS issued a statement
emphasizing the urgency of govern-
ments and the global community
addressing these issues.  A workshop
on tsunamis preceded the sympo-
sium, with presentations on scien-
tific, technological, and engineering
aspects of the phenomenon and on
disaster warnings and responses.

Given the increasing importance
of NAE’s international activities,
considerable time at the August
meeting of the NAE Council in
Woods Hole, Massachusetts, was
devoted to a discussion of the pur-
pose, goals, and structure of NAE’s
international activities and the
development of a realistic, action-
able plan and organizational struc-
ture, including funding and staffing.
Recommendations will be presented
at the Annual Meeting in October.

George Bugliarello
Foreign Secretary

Report of the Foreign Secretary

George Bugliarello
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The Extraordinary Women Engi-
neers Project (EWEP) is a national
initiative to encourage girls to con-
sider pursuing degrees and subse-
quent careers in engineering.  The
project is led by a coalition of engi-
neering associations, the American
Association of Engineering Soci-
eties (AAES), American Society of
Civil Engineers (ASCE), and
WGBH Educational Foundation.
NAE is represented on the coalition
by Mary Mattis, staff officer for the
NAE Diversity in the Engineering
Workforce Program.

Formed in spring 2004, the coali-
tion began by addressing the reasons
academically prepared girls decide
not to enroll in engineering degree
programs.  Studies have shown that
girls take high school science and
math courses at approximately the
same rate as boys, so the reason must
lie elsewhere.  Perhaps, girls and the
people who influence them—teach-
ers, school counselors, parents,
peers, and the media—have a false
perception of engineering.

To test this assumption, WGBH,
on behalf of the coalition and funded
by the National Science Foundation,

conducted qualitative consumer
research with high school girls, sci-
ence and math teachers, and school
counselors; male and female college-
level engineering students; and prac-
ticing engineers.  From June 2004 
to January 2005, WGBH hosted 
in-person and online focus groups:
(1) to gauge the level of interest
among high school girls in careers in
engineering; (2) to assess general
career motivators and barriers toward
engineering; (3) to evaluate the mes-
sages being put forward to the target
audience; (4) and to explore ways to
improve messages that could increase
enrollment.

Strategic Recommendations

Based on the findings of this
research, EWEP recommends funda-
mental changes in the way engineer-
ing is portrayed.  First, rather than
focusing on the processes and chal-
lenges of becoming an engineer, mes-
sages should focus on the benefits
and rewards of being an engineer as
they relate to the career motivators
identified by girls.  The EWEP coali-
tion also recommended:  (1) that the
engineering community engage in a

public dialogue to redefine engineer-
ing as a desirable career option, not
just for males but also for academi-
cally prepared high school girls (and
other underrepresented groups); 
(2) that messages illustrating engi-
neering as a career that complements
and supports community interests,
family interests, and self-interests be
developed and tested; (3) that the
selected messages be conveyed
through creative materials that pro-
mote engineering to high school
girls; (4) that training opportunities
and resources be provided to help
engineers promote engineering edu-
cation and careers to girls, their par-
ents, and educators; and (5) that
training opportunities and resources
be provided to school counselors 
and teachers to promote engineering
education and careers to girls and
their parents.

The EWEP coalition has devel-
oped a proposal for a second phase of
this project that will include design-
ing and disseminating the messages
and materials described above and a
plan for creating new materials tar-
geting high school girls for the NAE
EngineerGirl! website.

Extraordinary Women Engineers Project

Building a Better Delivery Sys-
tem: A New Engineering/Health
Care Partnership, a joint study 
by the NAE and Institute of Medi-
cine (IOM), includes findings and
recommendations for building a
strong partnership between engi-
neers and health care professionals
to address the crises facing health
care delivery in the United States.
The report focuses on two major

applications of systems-engineering
tools:  (1) systems-design, -analysis,
and -control tools to promote a bet-
ter understanding of health care
processes and system interactions
and improve/optimize system per-
formance within the severe con-
straints of a system in crisis; and 
(2) information and communi-
cations technologies to facilitate
information flow, connectivity at

all levels (patients, care teams,
health care organizations, and the
larger regulatory and financial
environment), and coordinated,
patient-centered health care.

In addition to the committee’s
consensus report, the published
volume includes 38 individually
authored papers based on presenta-
tions given at three fact-finding
workshops.  The papers address not

New Reports from the National Academy of Engineering
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only the operational challenges
confronting the U.S. health care
delivery system, but also opportuni-
ties for improvement in the areas of
information technology, including
biosensors and wireless communica-
tions, remote monitoring, and sys-
tems engineering (e.g., human
factors engineering, financial engi-
neering, supply-chain management,
and modeling and simulation).

NAE members involved in the
study were:  W. Dale Compton,
cochair, Lillian M. Gilbreth Distin-
guished Professor of Industrial
Engineering Emeritus, Purdue Uni-
versity; and Kensall D. Wise,
William Gould Dow Distinguished
University Professor of Electrical
Engineering and Computer Sci-
ence, University of Michigan.

Copies of the report are available
for purchase from the National
Academies Press (www.nap.edu).
PDFs of the executive summary can
be downloaded free of charge.

Educating the Engineer of 2020:
Adapting Engineering Education to
the New Century.  This report, the
second phase of the Engineer of
2020 Project, recommends guide-
lines for faculty, industry, and gov-
ernment leaders working toward the
transformation of engineering edu-
cation.  The first report, The Engi-
neer of 2020: Visions of Engineering in
the New Century, described the skills
and attributes future engineers will
need to succeed.  The second report
highlights issues that must be
addressed to ensure that those skills
and attributes are passed on to engi-
neering students.  The report also
calls for a careful consideration of
the minimum “body of knowledge”
practicing engineers must have and
urges industry and government to
consider ways to make postgraduate

study for engineers more attractive.
In addition to recommendations

for (1) increasing student awareness
of engineering careers in industry
and research; (2) introducing the
engineering “design, build, test”
process early in the curriculum; and
(3) encouraging domestic students
to pursue postgraduate degrees, the
report urges institutions to tackle
issues related to (1) accreditation;
(2) the faculty reward system; and
(3) the responsibility/relationship of
traditional institutions of higher
education and community colleges
and the K–12 education system.

NAE member G. Wayne Clough,
president, Georgia Institute of Tech-
nology, chaired the study commit-
tee.  Other NAE members on the
committee were Alice M. Agogino,
Roscoe and Elizabeth Hughes Pro-
fessor of Mechanical Engineering,
University of California, Berkeley;
Mark E. Dean, IBM fellow and vice
president, IBM Corporation; Simon
Ostrach, Wilbert J. Austin Distin-
guished Professor of Engineering,
Case Western Reserve University;
Ernest T. Smerdon, Dean of Engi-
neering, Emeritus, University of
Arizona; and David C. Wisler,
manager, University Programs and
Aero Technology Labs, GE Aircraft
Engines.  NAE member Stephen W.
Director, senior vice president and
provost, Drexel University, was pro-
ject liaison to the committee.

Copies of the report are available
for purchase from the National
Academies Press (www.nap.edu).  A
PDF summary can be downloaded
free of charge.

Enhancing the Community College
Pathway to Engineering Careers.
This report, undertaken jointly by
NAE and the Board on Higher 
Education and Workforce of the

National Research Council, describes
notable programs designed to
improve the transfer of engineering
students from community colleges to
four-year institutions.  The transfer
mission is one important way by
which community colleges start
diverse students down the road to
careers in engineering.  However,
students face challenges in making

successful transitions to four-year pro-
grams.  The report identifies five areas
for improvement:  ineffective articu-
lation agreements; poor recruitment
and retention programs; lack of coor-
dination of curricular content and
quality between partner institutions;
lack of diversity; and inadequate data
on transfers.  Fortunately, some two-
and four-year institutions are working
together, within and across state sys-
tems, to ensure successful transfers;
several of these programs are de-
scribed in the report.  Intended to be
a road map, this report charts progress
to date and lays out an agenda for
future research and actions.

Engineering Research and Ameri-
ca’s Future: Meeting the Chal-
lenges of a Global Economy.  With
funding from the National Science
Foundation, NAE convened a com-
mittee of engineering leaders during
the summer of 2004 to conduct 
(1) an assessment of the past and
potential impact of the U.S. engi-
neering research enterprise on the
nation’s economy, quality of life,
security, and global leadership; and
(2) to determine whether the level
of public and private investment is
sufficient to sustain U.S. preem-
inence in basic engineering research.
The committee documented and
evaluated recent contributions of
U.S.-based engineering research to
critical national interests; assessed
the potential contributions of 
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2005

October 7 NAE Finance and Budget
Committee Meeting

October 7 NAE Council Meeting/Dinner

October 8 NAE Council Meeting

NAE Peer Committee Meeting

October 9–10 NAE Annual Meeting

October 11 NAE Nominating Committee
Meeting

NRC Executive Committee
Meeting

October 21 NAE Congressional Lunch

October 25 Draper Prize Committee
Meeting

November 3–5 Fifth Japan-America Frontiers
of Engineering
San Jose, California

November 15 NRC Executive Committee
Meeting

December 3 NAE Committee on
Membership Meeting

December 13 NRC Executive Committee
Meeting

2006

February 7 NAS/NAE Council Dinner
Irvine, California

February 8–9 NAE Council Meeting 
Irvine, California

February 9 NAE National Meeting 
Irvine, California

February 15 NRC Executive Committee
Meeting

February 21 Awards Forum/Awards Dinner

All meetings are held in the National Academies
buildings, Washington, D.C., unless otherwise noted.

Calendar of Meetings and Events

engineering research to emerging
national challenges and opportun-
ities; and outlined a national stra-
tegy for ensuring that the engi-
neering research foundations of
American global economic, mil-
itary, scientific, and technological
preeminence remain solid in the
face of rapid, often disruptive, soci-
etal and global change.  Findings and
recommendations are intended to
inform public-sector and private-
sector decision making regarding the
scale and allocation of investments
in engineering research, engineering
research infrastructure, and engi-
neering education.  Implementation
of the committee’s recommenda-
tions should strengthen the U.S.
engineering research enterprise and
ensure that engineering research
continues to contribute to U.S. eco-
nomic prosperity, national security,
and global technological leadership.
The report is being widely dissemi-
nated to leading stakeholders in the
U.S. engineering enterprise from
industry, academia, and government.

This report will be available 
for purchase this fall and can be
read in open-book format on the
National Academies Press website

(www.nap.edu).  A PDF summary
can be downloaded free of charge.

Technological Options for User-
Author i zed  Handguns :  A 
Technology-Readiness Assess-
ment.  It could take as long as 
10 years and cost as much as 
$30 million to bring a user-
authorized handgun to the com-
mercial marketplace.  This is a
major conclusion of the 11-member
Committee on User-Authorized
Handguns, which conducted an
engineering-focused feasibility
analysis.

User-authorized handguns (fire-
arms that can only be operated by
designated individuals) must have
sensor technology integrated with
locking and firing mechanisms.  The
committee found that limited
research has been done on a variety
of biometric and nonbiometric tech-
nologies, but no development efforts
to date have moved beyond the
bread-board stage.  In addition, most
research has come to a halt for lack
of funding and, in some cases, lack
of interest.

The committee considered hand-
guns for two broad categories of

users:  law enforcement personnel
and individuals who store and use
firearms at home.  The law enforce-
ment application has more stringent
technical requirements because
weapons are often used under
adverse conditions, such as rain,
mud, blood, and extreme tempera-
tures; in addition, operators may be
wearing gloves.  The committee
concluded that no current biometric
technology is completely suitable for
use in firearms.  The technology
that comes closest to satisfying all of
the requirements is radio frequency
identification (RFID) tags, which is
not a truly biometric technology.

The committee was chaired by
NAE Executive Officer Lance
Davis.  NAE members T. Dixon
Dudderar, Lucent Technologies
(retired), and Laurence C. Siefert,
AT&T Wireless (retired), also
served on the committee.  The pro-
ject was funded in part by the David
and Lucile Packard Foundation.

Copies of the report are available
for purchase from the National
Academies Press (www.nap.edu).
PDFs of the executive summary can
be downloaded free of charge.
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JAMES G. BAKER, 90, associate,
Harvard College Observatory, Har-
vard University, died on June 29,
2005.  Dr. Baker was elected to the
academy in 1979 for the design of
optical devices to meet diverse,
unusual, and exacting requirements.

BRUCE A. BOLT, 75, Professor of
Seismology, Emeritus, University of
California, Berkeley, died on July
21, 2005.  Dr. Bolt was elected to the
academy in 1978 for applications of
the principles of seismology and
applied mathematics to engineering
decisions and public policy.

GARY L. BORMAN, 72, Emeritus
Professor, Mechanical Engineering
Department, University of Wiscon-
sin, died on January 17, 2005.  Dr.
Borman was elected to the academy
in 1990 for pioneering the analyti-
cal simulation of internal combus-
tion engines and verification with
advanced experimental techniques.

A. PHILIP BRAY, 71, retired vice
president and general manager,
Nuclear Power Division, General
Electric Company, died on July 31,
2005.  Mr. Bray was elected to the
academy in 1979 for his contribu-
tions to the development and
application of thermal hydraulic
and performance analyses to the
safety and performance of boiling-
water reactors.

MORRIS COHEN, 93, Institute
Professor Emeritus, Department of
Materials Science and Engineering,

Massachusetts Institute of Technol-
ogy, died on May 27, 2005.  Dr.
Cohen was elected to the academy
in 1972 for elucidating the strength-
ening mechanisms of steel and for
unifying engineering disciplines
with materials science.

GEORGE B. DANTZIG, 90, pro-
fessor of operations research and
computer science, Department of
Engineering Economic Systems and
Operations Research, Stanford Uni-
versity, died on May 13, 2005. Dr.
Dantzig was elected to the academy
in 1985 for his pioneering contribu-
tions to the science and practice of
operations research.

BERNARD GOLD, 81, retired
senior staff, Lincoln Laboratory, died
on January 15, 2005. Dr. Gold was
elected to the academy in 1982 for
the development of digital signal
processing theory and processors and
their applications to speech com-
pression and pattern recognition.

CHARLES C. JOHNSON JR., 83,
Rear Admiral (retired), U.S. Public
Health Service, died on December
14, 2004.  Mr. Johnson was elected
to the academy in 1990 for his lead-
ership in the development of public
health engineering and environ-
mental hygiene programs.

JACK K. KILBY, 81, consultant,
died on June 20, 2005. Mr. Kilby
was elected to the academy in 1967
for inventions basic to integrated
circuits.

ARTHUR S. LODGE, 82, Emeritus
Professor, University of Wisconsin-
Madison, died on June 24, 2005. Dr.
Lodge was elected to the academy
in 1992 for outstanding mono-
graphs and major developments in
continuum mechanics, molecular
theories of polymer flow, and high-
precision measurement of rheo-
logical properties.

JOHN P. LONGWELL, 86, Profes-
sor Emeritus, Massachusetts Institute
of Technology, died on October 6,
2004. Dr. Longwell was elected to
the academy in 1976 for contribu-
tions to the basic knowledge of com-
bustion, particularly the design basis
for gas turbines, rockets, and ramjets.

BENJAMIN LUSTMAN, 90,
retired manager, Fuel Systems
Development, Westinghouse Elec-
tric Corporation, died on December
21, 2004.  Dr. Lustman was elected
to the academy in 1968 for his work
on metallurgical developments in
nuclear fuels and reactor materials.

GORDON K. TEAL, 95, retired
vice president and chief scientist,
Texas Instruments Incorporated,
died on January 7, 2005. Dr. Teal
was elected to the academy in 1969
in recognition of his pioneering
research on single crystals of ger-
manium and silicon and his co-
invention and reduction to practice
of the single-crystal-grown junc-
tion transistor.

In Memoriam
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Publications of Interest
The following reports have been
published recently by the National
Academy of Engineering or the
National Research Council.  Unless
otherwise noted, all publications are
for sale (prepaid) from the National
Academies Press (NAP), 500 Fifth
Street, N.W., Lockbox 285, Wash-
ington, DC 20055.  For more infor-
mation or to place an order, contact
NAP online at <http://www.nap.edu>
or by phone at (888) 624-8373.
(Note: Prices quoted are subject to
change without notice.  Online orders
receive a 20 percent discount.  Please
add $4.50 for shipping and handling for
the first book and $0.95 for each addi-
tional book.  Add applicable sales tax
or GST if you live in CA, DC, FL,
MD, MO, TX, or Canada.)

Are Chemical Journals Too Expensive
and Inaccessible?: A Workshop Sum-
mary to the Chemical Sciences Round-
table.  On October 25–26, 2004, the
Chemical Sciences Roundtable held
a workshop to explore issues involv-
ing the readers of and contributors
to the chemical literature, as well as
the publishers and disseminators of
chemical journals.  As a follow-up to
the workshop, a summary was writ-
ten to capture highlights of the
workshop presentations and discus-
sions.  The purpose of the workshop
was to provide a forum for discussing
chemistry journals in the larger con-
text of scientific, technical, and
medical journal publishing.  Topics
at the workshop addressed whether
chemists and chemical engineers
need journals with unique charac-
teristics and, if so, whether their
needs are being met in the current

publishing environment.  Workshop
participants also discussed how
open-access publishing might be
applied to the chemical literature,
for example, by giving authors more
freedom to distribute their articles
after publication and allowing free
access to the archives of chemical
literature.

NAE member Jeffrey J. Siirola,
technology fellow at Eastman
Chemical Company, is a member of
the Chemical Sciences Roundtable.
Paper, $18.00.

Assessment of Options for Extending
the Life of the Hubble Space Telescope:
Final Report.  The Hubble Space
Telescope has operated continuously
since 1990.  During that time, four
space shuttle-based service missions
were launched, three of which added
major observational capabilities 
to the telescope.  A fifth mission
(SM-4) was planned to replace key
telescope systems and install two
new instruments.  After the loss of
the space shuttle Columbia, how-
ever, the National Aeronautics and
Space Administration (NASA)
decided not to pursue the SM-4 mis-
sion, which would probably mean
the end of Hubble’s useful life in
2007–2008.  In response to an
unprecedented outcry from scientists
and the public, NASA began to
explore and develop a robotic servic-
ing mission, and Congress directed
NASA to request a study from the
National Research Council to assess
the robotic and shuttle servicing
options for extending the life of
Hubble.  This report provides an
assessment of the contributions

made by Hubble, a projection of
likely contributions as the result of a
servicing mission, and a comparative
analysis of the potential risks of the
two options for servicing Hubble.
The study concludes that the shuttle
option would most effectively pro-
long Hubble’s productive life.

NAE member Louis J. Lanzerotti,
Distinguished Research Professor,
New Jersey Institute of Technology,
chaired the study committee.  Other
NAE members on the committee
were Rodney A. Brooks, Fujitsu
Professor of Computer Science and
director, Computer Science and
Artificial Intelligence Laboratory,
Massachusetts Institute of Technol-
ogy; B. John Garrick, independent
consultant, Laguna Beach, Califor-
nia; and Richard H. Truly, director,
National Renewable Energy Labora-
tory.  Paper, $32.50.

Assessment of the Benefits of Extending
the Tropical Rainfall Measuring Mission:
A Perspective from the Research and
Operations Communities.  Interim
Report.  Launched jointly in 1997 by
the National Aeronautics and Space
Administration (NASA) and the
Japan Aerospace Exploration
Agency, the Tropical Rainfall Mea-
suring Mission (TRMM) is a satel-
lite mission that placed a suite of
instruments, including the first pre-
cipitation radar, in space.  These
instruments are used to monitor and
predict tropical cyclone tracks and
intensity, estimate rainfall, and
monitor climate variability (precip-
itation and sea surface temperature).
The data collected by TRMM for
the past seven years is used by the
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Joint Typhoon Warning Center,
National Center for Environmental
Prediction, National Hurricane
Center, and other organizations
worldwide.  In July 2004, NASA
announced that it would terminate
TRMM in August 2004, but, at 
the request of the National Oceanic
and Atmospheric Administration
(NOAA), the White House, and
the science community, NASA
agreed to continue TRMM opera-
tions through the end of that year.
Meanwhile, NASA asked the
National Research Council to assess
the benefits of keeping TRMM in
operation beyond 2004.  After hold-
ing a workshop with a number of
experts in the field, the study com-
mittee concluded that TRMM
would make significant contribu-
tions to operations and science and
strongly recommended that the pro-
gram be continued, with the caveat
that cost and risk be re-examined
before a final decision is made.

NAE member Eugene M. Ras-
musson, Research Professor Emeri-
tus, University of Maryland, chaired
the study committee, and NAE
member Kristina B. Katsaros,
retired director, Oceanographic and
Meteorological Laboratory, NOAA,
was a committee member.  Available
online only at:  http://www.nap.edu.

Building an Electronic Records Archive at
the National Archives and Records
Administration: Recommendations for a
Long-Term Strategy.  The federal gov-
ernment generates and saves a large
and growing fraction of its records in
electronic form.  In 1998, the
National Archives and Record
Administration (NARA) launched
its Electronic Archives (ERA) Pro-
gram to create a system to preserve
and provide access to federal elec-
tronic records.  To assist in this 

project, NARA asked the National
Research Council to conduct a two-
phase study to provide advice during
the development of the ERA pro-
gram.  The first two reports (phase
one) provided recommendations on
the design, engineering, and related
issues facing the program.  The cur-
rent report (phase two) focuses on
longer term, more strategic issues,
including technological trends that
will shape the ERA system, archival
processes, and future evolution of
the system.  The report also provides
an assessment of technical and
design issues associated with main-
taining the integrity and authentic-
ity of electronic records.

NAE member Robert F. Sproull,
vice president and Sun Fellow, Sun
Microsystems Inc., chaired the study
committee, and NAE member
Jerome H. Saltzer, Professor of
Computer Science, Emeritus, Mass-
achusetts Institute of Technology,
was a committee member.  Paper,
$26.50.

Creating a Disaster Resilient America:
Grand Challenges in Science and Tech-
nology: Summary of a Workshop.  The
12th Disasters Roundtable Work-
shop, held in October 2004, focused
on grand challenges in science and
technology related to vulnerabili-
ties to disasters.  Agencies and
stakeholders from the disaster
research and policy community
gathered to discuss research and
program priorities and identify
problems in science and technology
that might be resolved by coordi-
nated, sustained investments in
research, education, communica-
tion, and the application of knowl-
edge and technology.  Discussions
focused on how investments might
lead to significant reductions in 
the loss of life and property from

natural, technological, and human-
induced disasters.

NAE member Ross B. Corotis,
Denver Business Challenge Profes-
sor, University of Colorado at Boul-
der, is a member of the Disasters
Roundtable, and NAE member
Lloyd S. Cluff, manager of the Geo-
sciences Department, Pacific Gas
and Electric Company, is an ex officio
member.  The report is only avail-
able online at http://www.nap.edu/
catalog/11274.html.

Impact of Revised Airborne Exposure
Limits on Non-Stockpile Chemical
Materiel Program Activities.  The U.S.
Army’s Non-Stockpile Chemical
Materiel Program is responsible for
dismantling former chemical agent
production facilities and destroying
recovered chemical materiel.  In
2003, in response to congressional
requirements, the Centers for Dis-
ease Control and Prevention recom-
mended that new airborne exposure
limits (AELs) be established to pro-
tect workers and the public during
operations to destroy this materiel.
To assist the Army in meeting the
recommended limits, the National
Research Council was asked to
review the Army’s implementation
plans for the destruction of produc-
tion facilities at the Newport Chem-
ical Depot and the operation of two
types of mobile destruction systems.
This report includes recommenda-
tions on analytical methods, air-
borne containment monitoring,
operational procedures, the applica-
bility of the Resource Conservation
and Recovery Act, and the involve-
ment of workers and the public in
implementing the new AELs.

NAE member Benjamin Y.H.
Liu, CEO and president, MSP Cor-
poration, was a member of the study
committee.  Paper, $25.75.
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