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Preface

The Chemical Sciences Roundtable (CSR) was established in 1997 by the National
Research Council. It provides a science-oriented apolitical forum for leaders in the chemi-
cal sciences to discuss chemistry-related issues affecting government, industry, and uni-
versities. Organized by the National Research Council’s Board on Chemical Sciences and
Technology, the CSR aims to strengthen the chemical sciences by fostering communica-
tion among the people and organizations—spanning industry, government, universities,
and professional associations—involved with the chemical enterprise. It does that primar-
ily by organizing workshops that address issues in chemical science and technology that
require national attention.

A workshop was organized by the CSR on the topic of “Preparing Chemists and
Chemical Engineers for the Global Workforce.” The workshop was held to provide a
forum for discussing the implications of an increasingly global research environment for a
chemistry and chemical engineering workforce. Discussions explored how the chemical
enterprise—academic, industrial, and government—is influenced by international activi-
ties and how it might respond to prepare chemists and chemical engineers for the changing
environment. The workshop presentations described deficiencies in the current system and
identified successful approaches that could be adapted to create and sustain a globally
aware workforce. The organizers would like to acknowledge the time and effort that Doug
Raber and Tina Masciangioli committed to both the planning and realization of this work-
shop. Without their help the workshop and this document would not have been possible.

Other than the Introduction and Summary, each chapter in this workshop summary is
an edited transcript of speaker and discussion remarks at the workshop. The discussions
were edited and organized around major themes to provide a more readable summary. In
accordance with the policies of the CSR, the workshop did not attempt to establish any
conclusions or recommendations about needs and future directions, focusing instead on
issues identified by the speakers.

Donald M. Burland, Michael P. Doyle, and Michael E. Rogers

Vil
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Introduction and Summary

Donald M. Burland
National Science Foundation

Michael P. Doyle
University of Maryland

Michael E. Rogers
National Institutes of Health

CONTEXT

Science is an international endeavor, global in its prac-
tice as a profession, and impacting virtually every facet of
the quality of life on this planet. It is also practiced in a
world that is changing, increasingly growing smaller and
more accessible to the average person. That the world is be-
coming smaller can be illustrated by a few salient facts:

» A three-minute phone call between New York and
London in 1960 cost (in constant 2000 dollars) $60.42; the
same call in 2000 could be made for $0.40.

e Average air transportation revenue per passenger-
mile in 1930 was $0.68 (in constant 1990 dollars); it had
been reduced in 1990 to $0.11 (Masson, 2001).

The increasing globalization of the world economy has
also resulted in the movement of industrial production and
labor markets. There are daily news stories about displaced
U.S. workers in the textile and steel industries and the move-
ment of computer programming jobs from the United States
to India and China. The nature of the industrial research and
development enterprise in the United States is also changing
in response to global developments. In 2000, foreign corpo-
rations spent $26 billion on research and development ac-
tivities in the United States, and U.S. corporations spent $20
billion on these activities in other countries (National Sci-
ence Board, 2004). From the point of view of large corpora-
tions, R&D is already very much an international activity.
Why is this happening? Is this a real trend? What are the

The views expressed here are those of the authors and not those of the
National Science Foundation, the University of Maryland, or the National
Institutes of Health.

economic, sociological, and scientific factors behind this
trend? What does increased globalization mean for the edu-
cation and development of U.S. undergraduate, graduate, and
postdoctoral students, and faculty in the chemistry and
chemical engineering professions?

The impact of international discoveries that benefit
health, increase energy production, and lead to improved
understanding of the environment indicate that the conse-
quences of globalization have a particularly significant im-
pact on the chemistry and chemical engineering professions.
A major factor driving chemical, pharmaceutical, and bio-
technology industries is that they are now multinational in
scope and find it necessary to have a workforce that is profi-
cient in operating at an international level. These companies
are seeking new ideas, a trained workforce, and new market
opportunities wherever they may be found. Scientific
research and development are on the rise not only in the
United States, but also around the globe. Indeed, opportuni-
ties may be arising faster in other countries.

The increasing globalization of scientific research thus
requires that our educational systems be alert to this chang-
ing landscape and produce globally aware scientists and en-
gineers. The National Science Board, the oversight and
policy-making body for the National Science Foundation,
has recently (NSB, 2001) emphasized “the importance of
increased international cooperation in fundamental research
and education, particularly with developing countries and by
younger scientists and engineers.” Academic researchers
must collaborate with colleagues throughout the world to
remain at the leading edge of research; like their industrial
colleagues, they need to be comfortable when operating at
an international level. Governments are confronting difficult
problems that require international cooperation, as well as
timely scientific advice. However, distances, borders, differ-
ences of language and societal values, and differing research

Copyright © National Academy of Sciences. All rights reserved.
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infrastructures raise barriers to international cooperation and
decrease visibility and accessibility among international sci-
entists.

The implications of globalization for the training of
chemists and chemical engineers were discussed at this
workshop. The goal of the workshop was to explore existing
and possible new mechanisms for creating an internationally
engaged workforce. This is of particular importance to U.S.
institutions involved in research and development in the
chemical sciences, because the United States has not had to
address these issues explicitly in the recent past. A major
outcome of this workshop was a rich discussion of trends in
globalization that are impacting or about to impact the U.S.
workforce in chemistry and chemical engineering, and the
changes that need to occur in the way U.S. chemists and
chemical engineers are prepared for this new environment.

Though changing rapidly, the world is by no means an
even playing field. Although globalization has done much to
boost the economies and standards of living of the devel-
oped world, there are serious discrepancies between the de-
veloped and underdeveloped worlds. The gross domestic
product (GDP) per capita in 2001 was $27,000 in the high-
income countries (Europe, United States, Japan, and Korea)
but only $1,300 in the least-developed countries (in parity
purchasing power in U.S. dollars). Life expectancy in the
least-developed countries was 50 years, compared to 78
years in the high-income countries (UNDP, 2003). These
disparities in quality of life do not represent a stable situa-
tion, but as E.O. Wilson (2002) has noted, “For every person
in the world to reach U.S. levels of consumption with exist-
ing technology would require four more planet earths.”
Bringing the world economies into equilibrium is going to
require international cooperation and ingenuity. Other prob-
lems of current importance that require an international ap-
proach include global warming, SARS (severe acute respira-
tory syndrome), AIDS and other worldwide epidemics, the
production of adequate potable water supplies, and energy
conservation.

The United States in recent years has been reassessing
its role in global affairs. It has withdrawn from the Kyoto
Treaty on global warming, declined to sign the Land Mines
Ban Treaty, withdrawn from the ABM Treaty of 1973, and
declined to ratify the Law of the Sea Treaty. Nature
(Brumfiel, 2004) recently pointed out that as a result of visa
restrictions imposed after 9/11, the total number of visiting
scholars in the United States declined in 2002-2003 for the
first time in at least a decade.

The substantial impact that heightened security needs
have had on the ability of U.S. laboratories to bring in or
extend the tenure of foreign scientists, i.e. visa problems,
was mentioned at the workshop. These issues merit detailed
examination, but were not part of the focus of this work-
shop. The issues mentioned above provided the context for
this workshop. Attendees and speakers at the workshop in-
cluded leaders in chemistry and chemical engineering from

industry, academia, government, and private funding orga-
nizations.

OVERVIEW

Matthew J. Slaughter, a labor economist at Dartmouth
College’s Tuck School of Business, opened the workshop by
describing how global influences affect national labor mar-
kets. He pointed out four factors that influence globalization
of the labor force: (1) the number of trained people in a given
country choosing to be in the labor force, (2) the range of
business activities that companies choose within a country,
(3) the prices those activities command on the world market,
and (4) the capital and technology used for the activities.
National labor forces become more global when cross-bor-
der flows—people (immigration), goods and services (trade),
and multinational capital and technology (foreign direct in-
vestment, FDI)—influence one or more of these four fac-
tors. In considering globalization, he noted that immigration
is typically the focus of discussion, where it is often simpli-
stically assumed that jobs exported from a country resultin a
net loss of jobs in that country. He said that this assumption
fails to recognize that the dynamics of the job market might
not be a zero-sum game, and overlooks the increasing influ-
ence of trade and FDI. A conclusion from this analysis is
that chemists and chemical engineers should encourage glo-
bal participation in U.S. research and development activities
while simultaneously increasing the number of U.S. citizens
who pursue careers in these areas.

THE INDUSTRIAL PERSPECTIVE

Speakers representing three major multinational chemi-
cal producers—Miles P. Drake, Air Products and Chemi-
cals; Karin Bartels, Degussa; and Thomas M. Connelly,
DuPont—discussed industry’s perspective on the global
workforce.

The overall message from these speakers was that dra-
matic changes are occurring in the chemical industry as a
result of the ease with which companies can manufacture
and distribute across the world, and that these changes are
influencing how research and development is being con-
ducted in international corporations. Today, research neither
is carried out via the colonial model—where central head-
quarters controls what work will be done around the world—
nor does it operate by the independent regional or “separate-
but-equal” model. In this separation between regional
locations and headquarters, work is partitioned and frag-
mented, whereas developments in global communication
have made it critical for international corporations to evolve
to an intradependent model—where a corporation’s activi-
ties around the world are seamlessly integrated into a coordi-
nated whole.

Given these changes in the corporate research environ-
ment, the importance of developing “soft skills” (also called

Copyright © National Academy of Sciences. All rights reserved.



INTRODUCTION AND SUMMARY

“higher-order skills”) in all workers was frequently men-
tioned. These skills include the ability to work on teams, to
communicate ideas orally and in writing, and to be flexible
in learning new subjects. Professionals who have the “abil-
ity to go out and connect with others” are especially valued.
Globalization has added the requirement that researchers be
culturally sensitive, which includes having language skills.
Research is and will continue to be communicated predomi-
nantly in English. The need for U.S.-trained scientists and
engineers to develop language skills is thus important for
gaining insight into other cultures, not just for communica-
tion purposes. In this new environment, U.S. chemistry and
chemical engineering students with study-abroad experi-
ences will have a competitive advantage in employment.
Recruiting and preparing researchers from diverse back-
grounds within the U.S. workforce and around the world is
also desired because different perspectives help stimulate
creativity and provide broader thinking on future product
applications and improving design. Ultimately, research and
development is tightly linked to and will follow the market
place.

THE ACADEMIC PERSPECTIVE

Professors from three research-intensive universities—
Matthew V. Tirrell, University of California, Santa Bar-
bara; Alvin L. Kwiram, University of Washington; and
Mostafa El-Sayed, Georgia Institute of Technology—dis-
cussed the effect of globalization on education of the chemi-
stry and chemical engineering workforce.

The overarching focus of these educators was very simi-
lar to the industrial perspective—academic activities must
become more globally integrated in order for the United Sta-
tes to remain competitive. There are concerns that a decline
in the U.S. capacity to compete in science and engineering
(as other countries increase their capacity) could be damag-
ing to the overall U.S. economy. Decreasing enrollments of
U.S. students in science and engineering (including chemi-
cal disciplines) and changes in attracting foreign talent are
fueling such concerns. Major challenges discussed by these
three educators were how to increase the numbers of stud-
ents choosing chemistry and chemical engineering majors,
and how to provide the appropriate level of preparation to
compete in the global marketplace.

For example, the current U.S. style of chemical engi-
neering education was examined. It was noted that engineer-
ing has been described as embodying design under constra-
ints—where many of the constraints are social, political, and
ethical. One need only consider the current discussions sur-
rounding genetically modified foods and stem-cell research
to see that different cultures and differently organized soci-
eties respond in quite different way to the introduction of
new technologies. In training students to operate within these
constraints, the case was made for treating engineering as
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more of a profession than a major, which means expanding
the 4-year engineering degree to a 5-year program.

At the same time, it was pointed out that the overall
number of technical subjects with which a modern chemist
or chemical engineer in the U.S. must have at least some
familiarity has increased tremendously. This trend has had
the effect of squeezing liberal arts education out of the sci-
ence or engineering curriculum and makes study-abroad ex-
periences difficult to accommodate. Yet it is the develop-
ment of skills in such fields as languages, management, and
political science that industry is seeking in its scientists and
engineers. The need for additional courses in the curriculum
is competing with another trend: the need to reduce the al-
ready too-long time to degree.

Many potential solutions to the problem of developing a
globally aware science and engineering workforce were dis-
cussed: (1) improve overall science and engineering literacy
(K-12 education), (2) create alternative graduate degree pro-
grams, (3) increase and take advantage of industrial intern-
ships and cooperative experiences, (4) encourage more
international experiences—through existing funding oppor-
tunities such as from NSF, and (5) provide more interna-
tional research collaboration such as through the U.K. based
Worldwide University Network, which seeks to create
worldwide research institutions to promote research collabo-
rations, e-learning, and graduate student and researcher
exchanges.

THE INTERNATIONAL PERSPECTIVE

Representatives of two internationally engaged organi-
zations—Robert P. Grathwol, of the Alexander von
Humboldt Foundation, and Sharon H. Hrynkow, of the
National Institutes of Health (NIH) Fogarty International
Center—discussed their roles in the development of a global
workforce.

Both of these speakers described the small numbers of
students and faculty who have been involved in international
study or research collaborations. Only 1 percent of U.S. col-
lege students travel abroad to study, and about 80 percent of
U.S. faculty members have never collaborated with foreign
scholars. Each speaker described opportunities that are avail-
able for students and researchers to gain international expe-
rience. However, it was pointed out that the need for interna-
tional partnerships will continue to expand, with or without
substantial U.S. participation, for a number of reasons: (1)
The problems that must be solved are increasingly global.
(2) The ease of worldwide communication has made col-
laboration much more effective than in the past. (3) Support
is available, not only from NIH and the Humboldt Founda-
tion, but also from such organizations as the Bill and Melinda
Gates Foundation. (4) Global scientific culture of peer re-
view, ethical norms, and communication with the public, is
developing.
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CONCLUSION

The subject of this workshop was broad, and the discus-
sions raised many questions that will require further thought
and discussion:

Supply of Quality Scientists

e Isthere in fact a shortage of quality scientists in or
a decreasing flow of intellectual capital to the United States?

e Assuming that we are at the beginning of a de-
creased flow of intellectual capital to the United States, do
we need a stronger effort to attract more U.S. citizens into
the scientific enterprise?

Soft Skills

e What, explicitly, are “soft skills” that are so impor-
tant to global collaboration and communication?

e Should skill in a foreign language be re-emphasized
in graduate education?

e Can teamwork and networking skills be fostered in
a graduate environment?

«  How does one add “soft skills” to an already
crowded curriculum without increasing the time-to-degree?

e Are there successful or evolving models that others
can adapt and adopt?

*  Whose job is it to provide scientists and engineers
with these skills? Industry? Universities? Government agen-
cies?

e What skills beyond those currently emphasized in
U.S. universities are necessary for attacking problems that
are worldwide in nature, such as global warming, malaria
epidemics, and water availability? What government and
institutional support systems for these efforts are needed
beyond those currently available?

Gaining International Experience

*  How can we communicate the enrichment and sci-
entific opportunities that foreign research experiences create
for U.S. students and faculty? How can the downsides for
students of being absent from the U.S. workforce for ex-
tended periods be minimized?

»  Can we leverage the existing international flavor of
U.S. graduate programs to enhance global educational expe-
riences?

International Collaboration

» Isinternational collaboration in research and devel-
opment really a good idea? Will it not just lead to a further
drain of intellectual property and jobs away from the United
States?

e How can the universities, industry, and government
work together to take full advantage of globalization?

e What are the mechanisms for successfully conduct-
ing collaborative research with underdeveloped and devel-
oping countries? What benefit do U.S. researchers receive
from such collaborations?
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How Do National Labor Forces
Become Global, and Who Should Care?

Matthew J. Slaughter
Tuck School of Business, Dartmouth College

INTRODUCTION »  The number of people in a country who choose to

The basic idea in economics and business is that firms
tend to pay people according to their productivity. Labor
unions and profit sharing are important, but looking at the
big picture of the whole world over decades, they have not
been as important as paying people according to their pro-
ductivity.

In addressing how labor forces become global, T will
discuss income, wages, and earnings, not unemployment.
This is because the United States and comparable countries
have adequately flexible labor markets. There are always
business-cycle considerations, and in the United States there
has been a business-cycle downturn in the last few years.
The economy seems to be picking up now, but over the last
couple of years unemployment rates have been higher than
they were in the middle and late 1990s. People tend to be
able to price themselves in the labor market. Therefore, it is
more helpful, in understanding the forces that affect people
in the labor market, to focus on earnings as opposed to how
many people are working.

This presentation provides a quick survey of interna-
tional economics to explore how labor forces become more
global and what it means for the U.S. economy, its workers,
and the chemical and allied enterprises in particular.

HOW LABOR FORCES BECOME MORE GLOBAL

In general, a number of key factors influence globaliza-
tion of labor forces:

This is an edited transcript of speaker and discussion remarks at the work-
shop. The discussions were edited and organized around major themes to
provide a more readable summary.

be in the labor force,

e The activities that firms choose in the country,

e The prices that these activities get on world mar-
kets, and

»  The capital and technology used for the activities.

National labor forces become more global when cross-
border flows—people (immigration), goods and services
(trade), and capital and technology (foreign direct investm-
ent)—influence one or more of these four factors. These
flows are relevant for understanding the integration of labor
markets across countries.

Immigration—Flow of People Across Borders

Immigration influences other cross-border flows and
affects the number of people choosing to be in the labor
force. In much of the policy discussions about globalization,
it is presumed that immigration matters most and that its
economic impacts are obvious. People may say that if more
people are in the labor force, wages will tend to go down.
That is why some politicians think that immigration should
be carefully controlled. In fact, the cap on H-1B visas (for
temporary workers in specialty occupations) in the United
States has been reduced by two-thirds, in part because of the
presumption that too many skilled immigrants are entering
the country and pushing particular occupational wages in the
country down. Immigrants, however, constitute important
flows of knowledge and capital across borders.

Back in the early 1800s, the textile industry was the
high-tech, high-productivity industry—the most cutting-
edge production activity in the world. Many countries had
very strict laws on the export of that technology, either the
capital goods or the knowledge embodying the technology.
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FIGURE 1.1 Foreign-born fraction of U.S. population. Note: Data
for 2000 are estimated. SOURCE: Borjas et al. (1997, Table 1).

Much of the early production of textiles in the United States
came about because people went to various places in En-
gland, worked in factories, and because they were not per-
mitted to write anything down, memorized the structure of
particular machines. They then came to the United States
and were able to replicate the capital goods that they saw
abroad. The early production in textiles in the United States
was one of the main manufacturing activities that enabled
the country to grow more quickly and was the direct result of
immigrants’ bringing in the ideas.

More recently, there have been comprehensive surveys
of startup companies in information technology (IT), espe-
cially in the Silicon Valley of California in the 1980s and
1990s. About one-third of startup companies in Silicon Val-
ley between 1995 and 1998 were either started or headed by
immigrants from India or China (Saxenian, 2002). In 1998,
they headed 2,775 Silicon Valley high-tech firms, employed
58,000 people, and had total sales of $16.8 billion.

When we think about where new and creative ideas
come from, reducing the number of immigrants potentially
reduces the creative dynamism that generates new products
and companies. The situation is more complicated than just
simply allowing in more immigrant workers that put pres-
sure on wages. Management flows in capital and in technol-
ogy can influence much of what firms decide to do.

More immigrants are coming to the United States. The
data points in Figure 1.1 are taken from the decennial U.S.
population census (Borjas, 1997). The foreign-born fraction
of the total U.S. population was at a minimum in 1970, and
has been rising steadily since then. About one-tenth of the
current U.S. population is foreign born. This trend has been
driven, in part, by a change in U.S. immigration policy in the
middle 1960s that oriented it toward considerations of fam-
ily reunification. The figure does not detail the skill mix of
the immigrants coming in. There has also been substantial
variation in whom the United States is letting in, with re-
spect to both the country and the individual states.

When coming to the United States, immigrants tend to
go to the immigrant gateway states of California, Texas, New
York, New Jersey, Florida, and Illinois. Between 1995 and
2000, about 60 percent of the 5.6 million foreign-born popu-
lation who moved to the United States entered the country
through these states (U.S. Census Bureau, 2003). The total
U.S. population in 2000 was about 281 million, and the for-
eign-born population was 31.1 million. To understand im-
migration, it is appropriate to consider California, because
California, even among the gateways, stands out as a very
attractive destination for immigrants.

The skill level of those coming to the United States is
unevenly distributed, with many high-school dropouts at one
end and many advanced-degree people at the other end. By
1990, 10 percent of people working in California were im-
migrant high-school dropouts. The estimate for 2000 is that
the figure will be about 15 percent. At the other end of the
distribution, California has attracted a disproportionate share
of highly skilled people with Ph.D.s, M.D.s, and M.B.A.s.

With all the high-school dropouts coming into Califor-
nia, it would seem that the wages of less-skilled workers in
California must have plummeted during the 1990s and on to
today. An alternative is that firms, when they are faced with
people with different skills coming in, choose to conduct
different activities. California has absorbed the influx of
people, and some industries have consequently grown in
California more than in the rest of the United States. With a
more-than-average number of less-skilled and more-skilled
workers coming into the state, firms have in fact changed
their activities.

Relative to the rest of the United States, the fast-grow-
ing industries in California over the 1980s were machinery
(such as computers and office products), finance, insurance,
real estate, and legal services, all of which are related to the
IT boom and involve a high skill set. At the other end of
skill intensity, California also had a boom in textiles and
apparel. In Los Angeles County in 1980, there was essen-
tially no production of textiles and apparel; by the end of
the decade, the county had developed a thriving apparel and
textile industry, whose production was second in magnitude
only to that of the New York City area. Personal and house-
hold services also saw a boom, and most of the employees
were immigrants.

The absorption of immigrants is more dynamic than the
presumption that immigrants are going to be bad for the na-
tive-born workers’ wages. Immigrants can bring in much
additional technology and capital. Even if they do not, firms
can absorb people through changes in the mix of output in
ways that are not necessarily going to put pressure on wages.
In fact, if one looks at the economics literature on immigra-
tion, it is difficult to find clear downward pressure on native
wages averaged across all sectors due to immigration. That
is true for the United States and for many other countries.

For example, in the early 1990s, there was a surge of
Russians who left with the breakup of the Soviet Union and
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headed to Israel—one of the biggest immigration shocks a
country has ever seen. It is hard to find pressure on Israeli
wages caused by all these Russians. They were absorbed by
firms hiring them in industries such as IT on one end of the
distribution and construction on the other; the Russians
needed places to live.

Trade—Flow of Goods and Services Across Borders

Trade is another important globalizing influence. Even
if borders are closed and immigration is not allowed, the
labor markets can become integrated as goods and services
flow across borders. For instance, textile production has de-
clined in the United States, and this has had a lot to do with
import competition.

Trade will affect the prices that activities fetch on world
markets. As international markets become more integrated,
prices that firms can charge in different countries can change,
and this will have a direct impact on wages. A growing body
of evidence in international business shows that trading
goods and services is an important way for capital and tech-
nology to flow among countries.

Especially in the United States, the term “trade” often
leads to a discussion of numbers of jobs. Those who do not
like fair trade argue that international trade destroys jobs.
Those who like international trade argue that international
trade creates jobs. Both arguments are both right and wrong.
International trade does not destroy jobs or create jobs. If we
take a long-perspective (decades) look at living standards,
the issue has more to do with the number of jobs in the
economy rather than the kinds of jobs. Only through the si-
multaneous destruction of some jobs and the creation of other
jobs can international trade on the average, benefit econo-
mies along the lines that economists are so fond of talking
about.

From the economist’s point of view, international trade
is on average a good thing for countries. The gains that
economists talk about—a firm specializing along the lines of
competitive advantage and consumers having wider
choice—come about only when firms get out of some lines
of business in a country. From the standpoint of the welfare
of the United States it may be a good thing that firms in
textiles and apparel and footwear shut down. It is only by
releasing the people, capital, and technology that are in those
industries and allowing them to move into industries such as
chemicals, IT, and aircraft—industries in which the country
is better than the rest of the world—that the gains econo-
mists talk about are accomplished. Overall, international
trade both destroys jobs and creates jobs, and it is hard to
find any evidence that it has any net impact.

However, the impact of international trade on labor
markets is not uniform. Trade globalization tends to be good
for countries on the average, but “on the average” is an im-
portant phrase. When countries, on the average, gain from
trade, not every person, firm, or geographic region benefits

o Exports

& lmports

Share of GDP

05 g o®

T T T T T
1960 1970 1980 1990 2000
ear

FIGURE 1.2 Share of imports and exports as fraction of GDP.

from the liberalization. There can be sharp distributional
impacts of trade liberalization that underlie much of the po-
litical tension in the United States and many other countries
about trade liberalization. It is not that people do not ac-
knowledge the aggregate gains, but they worry about the
distributional impacts and how individual workers will ben-
efit.

The U.S. economy has become much more integrated in
the global economy as seen by changes in the flow of trade
with other countries. Figure 1.2 shows the import and export
share of the gross domestic product (GDP) from the late
1950s to 2000. Imports and exports have gone up over time
and, since 1978, imports have exceeded exports as a share of
GDP. In the immediate post-World War II period, the United
States was basically a closed economy with respect to inter-
national trade. Virtually all of the materials that were pro-
duced by firms in this country were sold to people in this
country. Today, that is much less the case.

Foreign Direct Investment—Flow of Multinational Capital
and Technology Across Borders

Labor markets become more global through foreign di-
rect investment (FDI), which occurs when multinational
firms set up, expand, and contract operations around the
world. Multinational firms and the capital-allocation deci-
sions they make can be important in terms of determining
the number of people who choose to be in the labor force.
Multinational firms may choose to have expatriates work in
other countries. They may also take advantage of particular
visa programs, such as H-1B and L1 (intra-company trans-
ferees) in the United States, to reallocate labor in their firms
across borders.

Multinational firms can be big forces toward greater
competitiveness in product markets. Many studies show that,

Copyright © National Academy of Sciences. All rights reserved.



Preparing Chemists and Chemical Engineers for a Globally Oriented Workforce: A Workshop Report to the Chemical Sciences Roundtable
http://lwww.nap.edu/catalog/11059.html

10 PREPARING CHEMISTS AND CHEMICAL ENGINEERS FOR A GLOBALLY ORIENTED WORKFORCE

especially in low- and middle-income countries, entrenched
domestic firms face strong competition when multinational
corporations come in. There are distributional impacts again,
but the competition effects are undeniable. Multinational
firms are important when one thinks about flows of capital
and technology across borders.

If other firms can make capital decisions across borders,
through arm’s-length decisions, why should the focus be on
multinational firms? Even in countries that host many multi-
nationals, such as the United States, multinationals consti-
tute only a tiny fraction of all firms.

Consider this snapshot of the United States in 1999, the
last year for which there is a comprehensive census of all
U.S.-headquartered multinationals. At that time, there were
2,494 U.S.-headquartered multinationals. That is, there were
2,494 U.S.-headquartered firms that had at least one foreign
business enterprise in which the firms had a meaningful
ownership stake. Examples are IBM, Johnson and Johnson,
and other pharmaceutical companies. There were also about
8,600 affiliates of foreign-headquartered multinationals in
the United States. These included the U.S. subsidiaries of
foreign-headquartered multinationals (for example, in phar-
maceuticals and automobiles). According to the U.S. Inter-
nal Revenue Service, that year there were 17.4 million non-
foreign proprietorships, 1.8 million partnerships, and 4.8
million corporations, totaling about 24 million firms in the
country. Therefore, less than one-twentieth of one percent of
all U.S. firms were parts of multinationals. Why then should
we care about multinationals?

Multinationals matter because they constitute such a
large share of many macroeconomic aggregates. In the
United States, multinationals account for about 25 percent
of all employment, about one-third of the national GDP,
about 40 percent of the capital investment, 60 percent of the
imports, and 80 percent of the exports. Private-sector R&D
is accounted for almost entirely by U.S.-headquartered mul-
tinationals and their foreign affiliates. The creation of knowl-
edge and new ideas is basically an activity of multinational
firms.

In summary, national labor forces become more global
through cross-border flows of people, as well as through
trade and FDI. If immigration were shut down, international
trade and FDI would be at least as important in determining
how wages and earnings are set in countries. Over the last
20-30 years of increased integration around the world, multi-
national firms have been engaged across borders much more
than before. For example, the wave of globalization in the
decades before World War I was due primarily to the flow of
people across borders. Immigration was massive in those
decades. Multinational firms were basically nonexistent. The
situation now is almost the complete opposite. In recent de-
cades, cross-border flows of FDI have grown much faster
than cross-border flows of goods and services and of people
(Figure 1.3).
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FIGURE 1.3 Cross-border flows of FDI stock as fraction of GDP.
SOURCE: Scholl (2000, Table 2), Bureau of Economic Analysis.

WHO SHOULD CARE ABOUT GLOBALIZATION OF
LABOR FORCES?

Should firms care about this process of globalization?
How about workers? The answer depends a lot on what the
rest of the world looks like in comparison.

Workers’ Perspective

Wages Around the World

From the standpoint of workers, it is important to look
at earnings both inside and outside workers’ own countries.
What is going on in other labor markets now has an impact
on labor markets in countries such as the United States be-
cause of the flows of people, ideas, and technology across
borders.

Figure 1.4 shows average manufacturing wages in vari-
ous countries in 1994. There are some high-wage, low-
population countries and some low-wage, massive-popula-
tion countries. There are more than two billion people in
China and India, where hourly wages are about one one-
hundredth of the wages in developed countries such as the
United States.

Those differences across borders are sustained by natu-
ral and political trade barriers, such as policy decisions
restricting the flow of people, goods and services, and capi-
tal across borders. The differences are also influenced by
national differences in skills in capital and technology, which
depend on the human capital, physical capital, and knowl-
edge that people are able to bring to the workplace. As glo-
balization occurs, some think wages in countries such as the
United States are being driven down to the level of Chinese
wages. At the same time, history has shown that countries
like the United States have had wage increases even though
China, India, and others are low.
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FIGURE 1.4 Average manufacturing wages in various countries
in 1994. NOTE: According to the Chinese National Bureau of Sta-
tistics and the U.S. Bureau of Labor Statistics, hourly pay in manu-
facturing for 2001 was about $0.61 in China and $16.23 in the
United States. According to U.S. Census data for 2002, the popula-
tion of China was 1,309,380,000 and the population of the United
States was 287,676,000.

Skill Sets

One important distinction between workers in different
countries involves the distribution of earnings across skill
sets. In the U.S. manufacturing sector, nonproduction work-
ers have a higher level of educational attainment and more
experience than do production workers (Figure 1.5). The skill
premium, which was about 60 percent in the late 1950s, was
actually falling throughout the 1960s and 1970s. In the
1970s, there were provocative discussions about how too
many educated people were coming into the labor force.

Relative Wage, NP to P Workers

FIGURE 1.5 Skill premium in U.S. manufacturing. SOURCE:
National Bureau of Economic Research, Manufacturing Industry
Database http://www.nber.org/nberces.

Somewhere around 1980, something started to change in the
U.S. economy, and the return to skills has been rising dra-
matically since then. Different slices of the data related to
measuring skills yield slightly different pictures, but the
overall trend is a fact: The return to skills in the United States
has been going up for almost a generation now. Income
equality across skills has also gone up dramatically. The
same has been true in many other countries.

It could be said that more-skilled workers are doing well
because there are fewer of them in the U.S. economy, but the
data do not demonstrate that. The relative supply of more-
skilled workers in the country has been increasing, not de-
creasing. Labor economists look at four main groups of skill
sets: high-school dropouts, high-school graduates, those with
some college education, and college graduates and beyond.
In the 1940s, 76 percent of the U.S. labor force were high-
school dropouts. Only 5 percent of the U.S. labor force had
college degrees or more. During the second half of the
twentieth century, the skill mix of the U.S. labor force
increased dramatically because of the GI Bill and rising
income. By 1999, about 25 percent of people in the U.S.
labor force had college degrees or more.

However, absolute earnings adjusted for changes in
price inflation have not been rising for everyone. An ex-
ample of the decline in these earnings is seen in Figure 1.6,
for average private-sector, nonfarm weekly earnings adjusted
for price inflation. Real earnings in the United States actually
peaked in the early 1970s for a large fraction of the labor
force—private-sector, nonfarm workers, who make up
85 percent of all United States workers and are the subject of
one of the main available data streams. For a long time, their
earnings fell; in the second half of the 1990s, there was a
turnaround.
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FIGURE 1.6 Average private-sector nonfarm weekly earnings.
SOURCE: U.S. Department of Labor, Bureau of Labor Statistics,
nonfarm payroll statistics from the current employment statistics
(http:/fwww.bls.gov/datahome. htm).
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FIGURE 1.7 Import and export shares of output for computers and
office products (standard industrial classification (SIC) 357).

Real earnings of different skill groups have been very
different. Real earnings of more-skilled workers have been
rising, but earnings of the middle- or less-skilled workers
were flat or falling throughout the 1970s and the 1980s and
into the 1990s. In the second half of the 1990s, there were
increases across all parts of the skill distribution.

Multinational Firms

This increase in real wages since 1995 has been largely
driven by global integration of the IT sector. Multilateral
trade in the computer and office-products industry (standard
industrial classification—SIC—357) was sizable and had a
growing surplus with the rest of the world early in the time
frame of Figure 1.7. Something started to change in the early
1980s in this industry. Exports continued to grow and im-
ports exploded as a share of GDP. The trade balance in this
industry then quickly went to zero and became dramatically
negative, continuing this way into 2000. In that year, the
industry had a trade deficit with the rest of the world of $30
billion.

However, the IT industries are special. Many studies
have documented that in the second half of the 1990s, when
there was growth in both productivity and in real income in
the United States, they were driven by the IT industries such
as computers and office products. These industries became
much more productive and, as a result, prices went down
substantially and firms and all their associated industries
demanded a lot more capital in IT. Some of it was a bubble,
but it is clear that these are special industries that overall
have driven much of the productivity gains in U.S. real in-
come.

The early personal computers in the 1980s, such as the
Apple Ile, were not only produced in the United States, they
were produced in one location, such as Silicon Valley. Now
production is scattered all over the world. Today, a laptop

has probably been made in 15 countries: all the components
come from different parts of the world in elaborate global
production networks that multinational firms have set up.

If in 1980 the United States had closed its borders and
not allowed IT to globalize as it did, there probably would
not have been the IT boom enjoyed in the 1990s. The IT
industries would not have been able to deliver the productiv-
ity gains and price declines that they did.

To summarize, research by economists has concluded
that in recent decades globalization appears to have been
more beneficial for more-skilled workers in the United Sta-
tes than for less-skilled workers. It also seems that the boom
time in real wages since 1995, driven largely by IT, has had
a lot to do with globalization. These gains from global inte-
gration are widely distributed across skill groups.

WHO WILL BENEFIT IN THE FUTURE FROM
GLOBAL INTEGRATION?

Demographic Trends

Data from the U.S. Census Bureau indicate that the total
U.S. labor force went from a little over 100 million in 1980
to about 140 million in 2000 (Figure 1.8). There will be much
slower labor force growth between now and 2020 than in the
previous generation. Annualized growth rate for the U.S. la-
bor force was about 1.8 percent from 1980 to 2000. Going
forward, it is going to be about 0.8 percent per year. These
estimates assume that birth rates and death rates remain as
expected. The estimates also take immigration into account;
the only wild card in the estimates is what is going to be
changing in U.S. immigration policy.
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FIGURE 1.8 Projected U.S. labor force. SOURCE: U.S. Census
Bureau.
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FIGURE 1.9 Projected U.S. labor force participation rates for 25-
54 year olds, and for 30-34 year olds who have completed college.
SOURCE: U.S. Census Bureau.

The prime age segment of the U.S. labor force, those
25-54 years old, is going to be virtually stagnant in the next
20 years. The projected growth is going to be from about
100 million to about 103 million. In other words, the number
of prime-age, highly skilled working people is going to be
virtually flat, in absolute terms, in the United States in the
next 20 years. The number of college graduates is also going
to grow more slowly than it did in the past. Thus, the pool of
college-educated, prime-working-age people in the U.S. la-
bor force is hardly going to grow in the next 20 years. In the
post-September 11 world, it is more likely that there will be
a reduction of U.S. immigrants than an increase.

Part of the slowdown in aggregate growth in the labor
force is that there are not enough “baby busters” to replace
the baby boomers, who are moving into retirement (Figure
1.9). In addition, the fraction of men who choose to be in the
labor force has been declining in the U.S. economy for de-
cades and will continue to decline slightly. This had been the
opposite in the past. A major change that drove labor force
growth in previous decades was the rise in female participa-
tion, driven by equal rights movements and changes in fam-
ily structures. The fraction that is going to choose to be in the
labor force is going to be virtually unchanged in the next 20
years.

College completion rates of people 30-34 years old also
have influence. More young people are entering college, but
the share that gets a degree has stagnated and will continue
to do so.

Multinational Firms

For IT and other areas such as pharmaceuticals and
chemicals today, there is a concern that more-skilled work-
ers are at risk—and that good jobs are being outsourced and

are leaving the United States. Again, multinational firms
have been at the forefront of this process. They mediate sub-
stantial flows of the technology, capital, and trade of goods
and services across borders. General public opinion is that
multinationals necessarily cut back on domestic facilities by
setting up production offshore. In hardware and increasingly
in software, this is a salient discussion right now. Worker
advocacy groups and unions are protesting the movement of
production overseas. Politicians are claiming that studies are
needed. Here in the District of Columbia, there have been
hearings about this in Congress. There was an important
hearing in the House of Representatives in June 2003! about
the outsourcing of U.S. white-collar IT jobs and whether the
economy can survive it.

Consider a U.S.-based pharmaceuticals producer. Sup-
pose that in response to a fall in labor costs abroad, it decides
to relocate some of its R&D activities to India. What hap-
pens to labor demand in the firm’s U.S. operations? There
are three possibilities to consider: (1) Substitution effect—
labor in the United States and labor in India are substitutes
for each other, a decrease in Indian labor costs mean a cut-
back in the U.S. labor demand. However, it may be that In-
dian labor and U.S. labor are actually complements, rather
than substitutes. (2) Scale effects—Ilower costs allow the firm
to expand its operations in all lines of business and stimulate
demand for workers everywhere, including in the United
States. (3) Scope effects—the firm may change the mix of
what it does; it could change its activities in the United
States. The IT industry has been doing this in recent years:
even production workers have started to do other things
within the company.

The potentially incorrect idea here is that labor in the
United States and labor in India are substitutes for each other,
a decrease in Indian labor costs mean a cutback in the U.S.
labor demand. However, it may be that Indian labor and U.S.
labor are actually complements, rather than substitutes. If
the people in India are doing work, then perhaps those in the
United States will be more productive. The interchange of
computer code and other technical results may make people
in the United States more valuable and more productive to
the firm.. The actual impacts and net effects are much more
complicated than might appear to be the case at first glance.
It is an oversimplification to focus on only the substitution
effects and conclude that the results will be bad. There is
more involved.

Evolution of Chemical Multinationals

For each of the measures of capital stock (K), employ-
ment (L), and value of R&D, the fraction of the total world-

'Hearing of U.S. House of Representatives Committee on Small Busi-
ness, June 18, 2003. “The Globalization of White-Collar Jobs: Can America
Lose These Jobs and Still Prosper?”
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TABLE 1.1 Global Evolution of Chemical (SIC code 28) Multinationals

Parent K Parent L Parent R&D Affiliate K Affiliate L Affiliate R&D
Year ($ Million) (Thousands) ($ Million) ($ Million) (Thousands) ($ Million)
1982 73,321 1,365 6,864 15,362 668 658
Fraction (%) 82.7 67.1 91.3 17.3 329 8.7
1989 92,149 1,255 12,444 25,661 475 1,912
Fraction (%) 78.2 72.6 86.7 21.8 27.4 13.3
1999 133,513 902 27,400 59,572 532 4,221
Fraction (%) 69.1 62.9 86.7 30.9 37.1 13.3

wide amount done in the U.S. (parent) and in abroad (affili-
ate) has been determined (see Table 1.1). In 1982, 82.7 per-
cent of the global capital stock of chemical (SIC code 28)
U.S.-headquartered multinationals was in the United States.
The fraction of capital that is outside the United States in-
creased from 17 percent in 1982 to 31 percent in 1999. The
affiliate labor force has increased, with a dip in the 1980s
and a dramatic increase in the 1990s. There was a big in-
crease in R&D in the 1980s, but it reached a plateau over the
1990s. In an absolute sense, R&D done abroad has gone up
considerably from $1.9 billion to $4.2 billion, but there has
been a similarly dramatic increase in the amount done in the
United States as well. The overall message is that U.S.-head-
quartered che