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By Emily Stover DeRocco, J.D.
President, The Manufacturing Institute
Senior Vice President, National Association of Manufacturers

In his 2011 State of the Union address, President Obama recalled the often painful changes
that have occurred in America’s industrial landscape in recent years, changes marked by
“the shuttered windows of once booming factories and the vacant storefronts on once
busy Main Streets.” Though the decline of certain industries has hurt many communi-
ties, he observed, America needs to look to the future if it is to remain globally competi-
tive. “We need to out-innovate, out-educate, and out-build the rest of the world,” the
President concluded, noting that high-tech industries such as renewable energy, infor-
mation technology, and biotechnology—all of which require a sophisticated manufactur-
ing base—show great promise for job creation in the future.

U.S. manufacturers are well aware of the need to evolve; in fact, they have been evolving
for decades. By implementing new technologies and processes such as lean manufac-
turing, they have increased their productivity 103% over the years 1987-2008—almost
double the productivity increase in the rest of the business sector.® They have become
truly global, working with colleagues all around the world. They have become smarter
about their use of resources and production of waste, reducing their CO, emissions to
1990 levels by 2008, even while CO, emissions from the transportation, residential, and
commercial sectors rose 27%.*

Manufacturing continues to drive innovation. Innovations born in the manufacturing
field, such as personal computers, have created entire new industries and dramatically
changed the way we work and do business. The manufacturing sector accounts for most
patent development and about half of all public and private research and development
in the nation.®
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However, the manufacturing industry is suffering from a talent shortage that hampers
its ability to innovate. Employers report that too many entry-level workers lack basic
skills in mathematics, writing, communication, teamwork, and problem solving. These
employees are not well equipped to operate the sophisticated, often computer-controlled
machinery used even by floor-level workers. Nor are they prepared for the critical and
analytical thinking that all workers require to implement lean manufacturing processes.
A high school education or GED, employers say, is no longer sufficient preparation for
many modern manufacturing jobs. Manufacturers are also having difficulty hiring skilled
workers such as machinists and computer numerically controlled machine operators. The
skills gap is hurting manufacturers’ ability to achieve productivity targets.

Manufacturers, policymakers, and educators need to devise creative solutions to the tal-
ent shortage to keep the manufacturing industry innovative and globally competitive.
One way The Manufacturing Institute has done so is through its educational partner-
ship with University of Phoenix. We have worked with University of Phoenix to develop
classes and programs that align with the U.S. Department of Labor Employment and
Training Administration’s Advanced Manufacturing Competency Model. By doing so,
we have helped ensure that graduates of manufacturing-related programs at University
of Phoenix have the skills and competencies they need to be successful in today’s tech-
nologically advanced manufacturing workplace.

The Manufacturing Institute—University of Phoenix partnership and other initiatives
for reducing the skills gap are described in greater detail in this book, which presents
real-life stories and a wealth of facts and figures to demonstrate the ways manufacturers
and educators can benefit from such partnerships. It makes evident the link between
skills acquisition and productivity, innovation, and, ultimately, America’s competitive-
ness in the global sphere.

Washington, D.C.
May 2011
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When many Americans hear the term manufacturing, they picture factories being shut-
tered and thousands of workers being laid off when companies move their facilities over-
seas. They think of the crisis the automotive industry suffered during the 2008-2010
recession, culminating in the bailouts of General Motors and Chrysler. They shop at
stores where most of the clothing, toys, and household goods for sale are made abroad,
and conclude that American manufacturing faces a bleak future. Surveys show that
many Americans hold an outdated view of manufacturing, viewing the industry as dirty,
unsafe, and low paying.'

Though manufacturing has undeniably faced difficult times in recent decades, losing 5
million jobs over the years 2001-2008,? the truth is that manufacturing remains a robust
and vital part of America’s economy. Manufacturing employs 18.6 million people and
contributes 11.5% of the nation’s GDP.® One in every six private-sector jobs in the United
States is in or tied to manufacturing.* Manufacturing employees are well-compensated,
earning an average of $32 per hour in wages and benefits, 9% more than the average
American worker.®

American manufacturing remains very competitive globally. The United States still has
the world’s largest manufacturing sector, and despite growing international competition
during the first decade of the 215 century, its exports increased 60% from 2000 to 2008.
If U.S. manufacturing were a country unto itself, its economy would be the eighth largest
in the world.”

Moreover, U.S. manufacturing is a major driver of innovation. Manufacturers spend

$187.5 billion a year on research and development, and perform 70% of all industrial
R&D in the nation.® Manufacturing is responsible for 90% of all patents awarded.®
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Many media stories focus on the threat to American manufacturing from low-wage
countries that can produce goods much more cheaply. Global competition is a major and
growing concern for U.S. manufacturers, but they also face a lesser-known yet equally
potent problem: finding and retaining skilled workers.

Despite layoffs and the recent economic downturn, manufacturers are having difficulty
hiring the skilled workers who form the backbone of the industry: machinists, computer
numerically controlled machine operators, technicians, scientists, engineers, and other
specially trained employees. Many of these skilled workers belong to the exiting Baby
Boomer generation, and there aren’t enough new employees to replace them. Fewer
young people are choosing careers in manufacturing, as many have grown up hearing
the stereotype that manufacturing is a dying industry, and that manufacturing careers
are monotonous and unsafe.

Manufacturers are also finding skills lacking among the people they do hire. They report
that their entry-level employees struggle with math, writing, communication, problem
solving, and even such basic employability skills as timeliness and attendance. A high
school education or GED, many manufacturers now say, is insufficient preparation for a
floor-level position in their field.

Skill requirements for manufacturing success have also risen as the industry has become
more sophisticated. Widely used management systems such as Total Quality Management
and lean manufacturing, which have improved firms’ productivity, invite workers to
think critically and autonomously and make informed decisions. Technological advances
require employees to be computer literate and, often, also to possess mathematical and
analytical skills. Manufacturing executives, too, must master more skills—cultural com-
petence, critical and strategic thinking, economics, and foreign languages—to thrive in a
fast-paced, international industry.

The skills gap is a serious threat to American manufacturers’ global competitiveness.
Eighty-three percent of manufacturers say it negatively impacts their ability to serve cus-
tomers, and 53% say it hinders their ability to achieve production targets.’® Consequently,
manufacturing companies and organizations and the U.S. government have taken steps
to diminish the gap. Manufacturers are increasing the amount of training they provide,
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launching outreach programs to draw high school and college students to the field, and

improving their organizational culture to retain more employees. The U.S. Department
of Labor Employment and Training Association created the Advanced Manufacturing
Competency Model, an inventory of the skills and competencies needed for success in the
manufacturing field, with assistance from such organizations as the National Association
of Manufacturers (NAM), the National Council for Advanced Manufacturing, and the
Society of Manufacturing Engineers.!! The Manufacturing Institute, the education
reform, workforce development, innovation support, and research affiliate of the NAM,
has developed a framework called the NAM-Endorsed Manufacturing Skills Certification
System, which benchmarks the skills needed to perform various manufacturing jobs and
credentials employees who have demonstrated those skills.

Higher education also has an important role to play in reducing the skills gap for entry-
level workers and building the skills of more experienced employees. Colleges and uni-
versities can offer manufacturing-related courses and majors, increase the flexibility
of their course scheduling so that manufacturing employees can attend school while
working, and partner with manufacturing companies and organizations to determine
how best to serve the needs of the industry. The Manufacturing Institute and University
of Phoenix have formed an educational partnership and have worked in tandem to
develop curricula to teach the competencies specified by the Advanced Manufacturing
Competency Model.
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This book discusses the strengths of today’s manufacturing industry and the problems it
faces—notably, the skills gap—and outlines ways educators and manufacturers can work
together to strengthen the current and future workforce and keep American manufactur-
ing prosperous and competitive. Part I, Challenge and Change in Today’s Manufacturing
Industry, provides an overview of the manufacturing field. Chapter 1 discusses the
many reasons manufacturing is still a vital part of America’s economy. Chapter 2 puts
American manufacturing in its global context, taking a brief look at how the industry
became an international enterprise and detailing the reasons why U.S. manufacturing
struggles to compete abroad. Chapter 3 examines the causes and ramifications of the
skills gap. Chapter 4 presents best practices institutions of higher education can adopt
to help manufacturers overcome the skills gap.

Part II, On the Front Lines: Manufacturing Success Stories, consists of real-life stories
and testimonials that illustrate the ways higher education helps manufacturing compa-
nies become more knowledge-based and competitive. The stories in Chapter 5 reflect
the broad range of manufacturing employees who seek higher education, from veteran
workers looking to update their technology and management skills, to doctoral gradu-
ates performing research to improve their companies’ processes. Chapter 6 focuses on
diversity, presenting the stories of women and minorities who have found success in the
manufacturing field.
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1 Still Strong: Manufacturing
Is Vital to the U.S. Economy
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The U.S. manufacturing sector is more robust than most Americans believe.
Manufacturing is vital to the American economy, producing 11.5% of the nation’s GDP.

One of out every six private sector jobs is in or tied to manufacturing.

The United States still has the world’s largest manufacturing sector and produces
21% of all manufactured goods worldwide.

Manufacturing facilities, contrary to popular belief, are clean, safe, and high-tech.

Manufacturing jobs are well-paying and intellectually stimulating.

Manufacturers perform 70% of industrial research and development, thus driving
innovation and the creation of new products, services, and industries. Other coun-
tries, especially China and India, are increasing their technological and R&D capa-
bilities, endangering America’s innovative edge.

Manufacturing has become more environmentally friendly in recent decades, as
manufacturers have made efforts to reduce waste and consumption of resources to
keep costs down and comply with stringent environmental standards.

The American public is pessimistic about the future of manufacturing. A recent survey
by Deloitte revealed that, although 78% of Americans believe manufacturing is impor-
tant to the nation’s economic prosperity, 55% think the sector will weaken in the long
term, and only 60% think it is globally competitive. Younger Americans are even less
optimistic about manufacturing, with only 55% saying it is important to America’s stan-
dard of living and economic prosperity.!

Yet the headlines about factories closing and the store shelves stocked with foreign-made

goods only tell part of the story. In reality, manufacturing is a thriving sector that makes
a substantial contribution to America’s economy.
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Manufacturing Generates More Economic Activity
than Other Sectors

Manufacturing

Information

Agriculture, Forestry,
Fishing, and Hunting

Construction

Transportation and
Warehousing

Professional and
Business Services

Educational Services, Health
Care, and Social Assistance

Finance, Insurance, Real
Estate, Rental, and Leasing

Retail Trade

Wholesale Trade

$0.0 $0.5 $1.0 $1.5

Economic activity generated by $1 of sector GDP

Source: The Manufacturing Institute. (2009). The facts about modern manufacturing (8th ed.).
Retrieved from http://www.nist.gov/mep/upload/FINAL_NAM_REPORT_PAGES.pdf
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How Manufacturing Creates Wealth

Manufacturing R&D

Inventions/
Innovations

Education Capital Knowledge P Network
& Training Equipment Spillovers Spillovers

Productivity
Gains

New Products Competitive

Well-Pai b .
Ll el And Processes Prices

Source: Popkin, J., Kobe, K., & The National Association of Manufacturers and Council of
Manufacturing Associations. (2010). Manufacturing resurgence: A must for U.S. prosperity.
Retrieved from http://documents.nam.org/CMA/PopkinReport.pdf
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The U.S. manufacturing industry employs 11.8 million people directly and 6.8 million peo-
ple in related industries,? and in 2008, produced $1.64 trillion worth of goods, or 11.5% of
the nation’s gross domestic product (GDP).® Manufacturing also supports other economic
sectors: Its demand for raw materials, software, transportation, healthcare, and financial
and legal services contributes to multiple service sectors’ growth. In fact, it generates
more economic activity per dollar of production than any other business sector.* An esti-
mated one out of every six private-sector jobs is still in or tied to manufacturing.’

Technological advances and more efficient processes have made manufacturing one of
the most productive and profitable industries in America. Between 1997 and 2008, its
productivity grew by 103%, almost double the 56% productivity increase in the rest of
the business sector. Since 1947, manufacturing productivity has kept pace with overall
economic growth; both manufacturing and GDP have grown about sevenfold over the
past 60 years.” This high productivity makes goods less expensive to produce, thus reduc-
ing their cost and creating a higher standard of living for American consumers.?

Although other countries, particularly in Asia, have ramped up their manufacturing
capabilities in recent years, and although certain products are now manufactured almost
entirely overseas, American manufacturing remains globally competitive. The United
States has the world’s largest manufacturing sector, produces 21% of all manufactured
products worldwide,® and is the third largest manufacturing exporter after the European
Union and China.!

U.S. manufacturing has increased its exports in recent years despite the rise of Asian
manufacturing. From 2000 to 2009 sales of U.S.-manufactured goods rose 60%, from
$649 billion to $1.039 trillion." The United States is also still the largest destination for
foreign direct investment. About 1 in 12 U.S. manufacturing workers is employed by a
foreign-owned firm."?
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2008, Nominal US$, Billions
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U.S. Manufacturing Sector Is the World’s Eighth Largest Economy

U.S. manufacturing ($1.637 trillion)

United States
U.s Manufacturing [JJij <

Source: The Manufacturing Institute. (2009). The facts about modern manufacturing (8th ed.).
Retrieved from http://www.nist.gov/mep/upload/FINAL_NAM_REPORT_PAGES.pdf

In addition, U.S. manufacturing is far more efficient than many other countries’ man-
ufacturing industries. U.S. workers are twice as productive as workers in the next 10
leading manufacturing economies.®® In the U.S., for example, 1 ton of steel requires 15
man-hours to produce; in China, it takes 110 man-hours.* Since 1986, America’s unit
labor costs—the average cost of labor per unit of output—declined by 40% relative to

competitor countries.”
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Manufacturing also contributes to the economy by providing employees with stable, well-

paying jobs. In 2009, the average manufacturing worker earned $74,447 annually in pay
and benefits, compared to the $63,507 earned by the average non-manufacturing worker.**
These jobs require not only hands-on skills, but also problem solving, analytical think-
ing, and technological proficiency. In manufacturing, the “thought becomes the thing”
and employees have the opportunity to see ideas take physical form. Manufacturing
workers use their intellect and manual skill to help solve global challenges and craft prod-
ucts that change people’s lives.

Contrary to popular belief, manufacturing is no longer a dark, dirty, and dangerous
industry. Today’s manufacturing workers, even those who work on the factory floor, use
sophisticated equipment. Many machinists now use computer numerically controlled
(CNC) machine tools. They train in CNC programming and may write, modify, or test
programs or work with programmers to do so. Machinists may also cut materials with
newer tools such as lasers, water jets, and electrified wires."” Tool and die makers operate
and program CNC machines as well, and often use computer-aided design software to
develop products.®®
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Manufacturing Is the Largest Performer of Industrial R&D

Performers of 2007
Industrial R&D by Source
of Funds (Percent and
Billions of Dollars)

[ Manufacturing
industries with
company funds
$169.3

[l Non-manufacturing
industries with
company funds
$73.4

[ Manufacturing
industries with
federal funds
$18.2

B Non-manufacturing
industries with
federal funds
$8.4

Source: Popkin, J., Kobe, K., & The National Association of Manufacturers and Council of

Manufacturing Associations. (2010). Manufacturing resurgence: A must for U.S. prosperity.

Retrieved from http://documents.nam.org/CMA/PopkinReport.pdf
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“The industry has changed dramatically from what it was 20 years ago,” says Emily
Stover DeRocco, president of The Manufacturing Institute, an affiliate of the National
Association of Manufacturers that promotes U.S. manufacturing through research, edu-
cation reform, innovation support, and workforce development. “Manufacturing is a
high-tech-driven industry, and many manufacturing careers require postsecondary edu-
cation and advanced knowledge of integrated technology systems.”®

Christopher Glynn, director of talent development at Caterpillar, Inc., the world’s larg-
est manufacturer of construction and mining equipment, and president of Caterpillar
University, the company’s internal training program, observes, “People usually think of
tractors as dirty and unsophisticated pieces of equipment. But our D-11 tractor has more
computing power on board than was used during the first Apollo 11 moon landing. It uses
satellites to allow an operator to establish the grade on a road to within half an inch over
half a mile. The human eye cannot see that difference.”°

One of the most crucial ways manufacturing contributes to U.S. business is through its
investment in research and development (R&D). R&D leads to innovative new products,
processes, knowledge, designs, and even entire new businesses and industries. R&D also
has a considerable spillover effect, benefiting companies and sectors that do not perform
research. Estimates of the rate of return on R&D vary widely—anywhere from 25% to
60%—but all are considerable.?

The manufacturing sector is a key driver of R&D. In 2007, manufacturing performed
70% of industrial R&D, spending $187.5 billion, only $18.2 billion of which was federally
funded.?? Manufacturers represent 45% of all private-sector companies performing R&D
in the United States.?®

Innovation is vital to America’s competitiveness on a global scale. American manufactur-
ers cannot compete on cost alone with countries that have lower labor and production
costs; instead, they must differentiate themselves by offering new and unique products.
For now, the United States is still a world leader in terms of innovation, performing 40%
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of all R&D in the industrial world. America spends twice as much on R&D—over $200

billion—than the next highest spender, the European Union.?*

Despite its leadership in R&D, America may be in danger of losing its competitive edge.
Thought leadership is no longer predominantly U.S. based, as many companies are mov-
ing R&D facilities abroad to capitalize on lower-cost scientists and engineers, or to be
closer to international customers.”® Also, other countries—particularly China, India,
South Korea, Singapore, Taiwan, Brazil, and Chile—are rapidly increasing their techno-
logical capabilities.?® China has developed a 15-year plan for science and technology, and
India plans to increase its R&D funding by 40% per year.?’ The number of U.S. patents
granted to Chinese inventors rose from 119 in 2000 to 1,225 in 2008, whereas South
Korean inventors received 3,314 U.S. patents in 2000 and 7,549 in 2008.%

Some troubling indicators also suggest that the United States may not be as innovative
as it once was. Since 2001, for example, the nation has run a trade deficit in Advanced
Technology Products (ATPs) such as biotechnology, life science, information technology,
and aerospace products—goods that require the highest R&D intensity to produce. In
2008, ATPs made up 29.6% of U.S. exports, down from 32.2% in 2006.% Plus, the United
States ranks only eighth overall on the International Innovation Index.* Its share of
world R&D has fallen in the first decade of the 21% century, and the economic downturn
during that time has hurt some of the key R&D-performing industries.3!
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Manufacturing is not often considered an environmentally friendly industry, but the sec-
tor is more aware of environmental concerns than many people realize. “Manufacturers
have a vested interest in using the least wasteful ways to produce and distribute their
products,” DeRocco says. “Energy efficiency, waste reduction, and thoughtful use of
natural resources are structural cost savings for manufacturers, and they’re also better
for the environment.”%?

Manufacturers have had to be innovative to meet stringent EPA standards while keep-
ing costs low. They have implemented technological improvements that enable them to
produce more with less energy. Between 1987 and 2007, the real value of industrial out-
put per unit of energy increased 43%.3 By 2008, the manufacturing industry had met
President Obama’s goal of reducing greenhouse gases to the 1990s level by 2020;3 today,
American industry generates fewer metric tons of CO, than it did in 1980.%

A 2008 survey by EFT Research indicates the extent of environmentally friendly poli-
cies among manufacturers. Sixty-five percent of manufacturers surveyed said they used
recycling and reuse policies, 58% used water-reduction programs, 50% practiced energy
management, and 33% had established a corporate “green team.” Fifty-two percent said
they noted cost reduction as a result of going greener.*

Manufacturers have also involved consumers in their plans for waste reduction. Cater-
pillar, Glynn says, has a program in which it reconditions or remanufactures old engines
and sells them at 60% of what a new one would cost, with a like-new warranty. “It’s a
beautiful example of a sustainable product, and the marketplace loves it,” he says.*’

Doctor of Business Administration, University of Phoenix, 2007
Helping Clean the Planet, One Innovation at a Time

Although most manufacturing companies now strive to incorporate environmental-
ism into their businesses, Kyzen Corporation recognized the benefits of going green
over 20 years ago. Winner of the 2009 Global Technology Award for one of its green
precision cleaning products, the global company was established in 1990 by owner
Michael Bixenman, now a graduate of the University of Phoenix Doctor of Business
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Administration program. Kyzen’s mission is to manufacture cleaning products for elec-
tronic circuitry that are free of environmentally harmful chlorofluorocarbons. The com-
pany has expanded its product line to include cleaning solutions for metal parts, silicon
wafers, and optical lenses, and continues to study new soluble-material sets as more
advanced electronics enter the marketplace.

“Kyzen is dedicated to developing greener technologies that serve a specific niche
within the manufacturing industry while using fewer resources to make our products,”
Bixenman says.

Green manufacturing is not always easy, he admits, noting that Kyzen, like many other
businesses today, faces strict federal environmental regulations that can often prove
costly to implement. Bixenman says Kyzen must continuously innovate to stay ahead
of its competitors and to address such complexities as making products to remove the
different kinds of residues that occur in electronics as manufacturers use more lead-free
alloys. “Just as any organization, we have to constantly rebuild ourselves and rethink our
strategies in order to survive,” he says.

Bixenman foresees a bright future ahead for green manufacturing. “It’s astonishing how
clean manufacturing is today compared to as little as 20 years ago,” he notes. “I truly
believe that if we bring business leaders and manufacturing companies together to dis-
cuss industry-wide goals for a cleaner industry, we can accomplish almost anything.”

Far from the dying industry that many people believe it to be, manufacturing remains
a large and vital part of the U.S. economy. It provides workers with well-paying, intel-
lectually stimulating jobs, maintains a high level of productivity, and innovates products
and practices that create wealth. Yet American manufacturing faces intense competition
from abroad, placing these benefits in peril.
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Manufacturing, aided by advances in technology and transportation, helped America
become the world’s most prosperous nation by the mid-20th century.

Starting in the 1970s, American manufacturing lost its dominance as other coun-
tries built up their productive capabilities and attracted manufacturers with low
labor and regulatory costs.

From 2001 to 2008, America closed 40,000 manufacturing plants and lost 5 million
manufacturing jobs.

China’s economy has received a massive boost from economic reforms that allowed
for greater private enterprise and foreign investment. China now has the second-
largest economy in the world. America’s trade deficit with China rose from $83 bil-
lion in 2000 to $266 billion in 2008.

American manufacturers operate at a disadvantage compared to many other
nations: They pay higher wages and more taxes, give employees more benefits, and
have higher health, safety, and environmental costs. Structural costs in the United
States are 17.6% higher than those of its nine largest trading partners.

American manufacturers face heavy competition from overseas. Many corporations
have moved their production facilities abroad, where costs are lower, leading to the loss
of manufacturing jobs, facilities, and entire industries in the United States. The out-
sourcing of American jobs is often portrayed as a matter of companies’ simply moving
to where wages are lowest, but the reality is much more complex. Historical, economic,
political, and technological forces have interacted over decades to bring American man-
ufacturing to this juncture.

Manufacturing has been part of America’s history almost from the beginning. The move-
ment for American independence coincided with the start of the Industrial Revolution.
The first cotton mill in the United States was built in 1787.!
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The War of 1812 spurred expansion of America’s manufacturing sector. During the war,

British blockades created shortages of certain goods, particularly cotton, leading the
young nation to develop its own industries. Following the war, the American government
decided to increase the country’s self-sufficiency by investing in infrastructure such as
canals, ports, and interstate turnpikes. To support fledgling industries, it also levied high
tariffs on imports of such goods as cotton, iron, and textiles.?

These initiatives, coupled with technological developments, helped American manufac-
turing to thrive. Railroads and steam-powered boats created a national market and made
economies of scale possible for the first time. The American system of manufacturing, in
which semiskilled workers used machine tools and jigs to make standardized, interchange-
able parts for complex products, marked the beginning of industrial mass production.?
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In the early 20th century, the Ford Motor Company developed the assembly line, a tech-
nique that increased efficiency and reduced costs so greatly that members of the middle
class could now afford automobiles. The assembly line system soon spread to multiple
industries, helping America become the world’s most prosperous nation by the end of
World War II. Manufacturing was also boosted by government assistance to returning
veterans, such as the G.I. Bill, which increased consumer spending by providing col-
lege education and loans to former servicepeople, and by increased R&D funding in the
wake of the Sputnik 1 launch. At its peak in 1960, U.S. manufacturing employed 26% of
American workers and provided 27% of the country’s total GDP.*

During the Cold War era, fears of Communist expansion led the United States to rebuild the
productive capacities of its allies, notably Britain and Japan. Government and corporate
leaders advocated free trade, believing it would encourage economic growth and world-
wide democratization. The United States took part in international ventures to promote
free trade, such as the International Monetary Fund, the World Bank, and the General
Agreement on Tariffs and Trade (which later became the World Trade Organization).®

In the 1970s, America’s dominance in world manufacturing began to decline as other
nations increased their manufacturing capabilities—notably Japan, which led the world
in consumer electronics in the 1980s; and the “Asian Tigers,” or Hong Kong, Taiwan,
South Korea, and Singapore. High oil prices drove up production costs in the United
States, leading some companies to move their production centers to low-wage countries.
Developing nations wooed foreign investment by offering companies lower regulatory
costs, tax abatements, and free production facilities.®

Among these countries was China. After the death of Chairman Mao Zedong in 1976, the
Chinese government restructured China’s economy, opening the country to foreign trade
and investment. It also invested heavily in manufacturing, creating special economic zones
where foreign investors could receive tax concessions and protecting its domestic indus-
tries with high import duties. China also benefited economically by being able to offer
investors lower operating costs, as its wages were low, its currency undervalued, and its
environmental and safety standards less stringent than in most industrialized countries.”
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Manufactured Exports, 2007, US $ Billions
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Since the 1990s, China has witnessed extraordinary economic growth, surpassing the
United States and Germany to become the world’s largest exporter.® The U.S. trade deficit
with China rose from $83 billion in 2000 to $266 billion in 2008; in 2007, trade with
China comprised almost one third of America’s total global trade deficit, and 55% of its
trade deficit when oil is excluded.® China now has the second-largest economy in the
world after the United States.!

Some scholars question whether China’s explosive growth is sustainable, both environ-
mentally and economically. China is one of the world’s most polluted nations and pro-
duces more emissions of CO, and sulfur dioxide (a precursor to acid rain) than any other
country." Moreover, as China’s standard of living has risen, so has the cost of doing busi-
ness there.”? “About 15 years ago, cost relative to skill set was one of the main reasons U.S.
manufacturers outsourced,” says SmartTrac president and University of Phoenix MBA
graduate George Murray. “Now that China’s economy has grown, the cost to employ a
Chinese engineer is nearly the same as the cost to employ an American engineer.”

The rise of foreign manufacturing has been detrimental to American manufacturing.
The United States lost about 40,000 manufacturing plants and 5 million manufacturing
jobs during the years 2001-2008." Certain industries, such as textiles, luggage, ceramic
tile, and glassware, have almost entirely moved overseas, while others struggle to sur-
vive on American soil. The U.S. furniture industry lost 60% of its production capac-
ity between 2000 and 2008; during that same time period, the share of printed circuit
boards made in the United States dropped from 26% to 8%."

The United States faces a considerable trade deficit—one that has risen steadily until
slowed by onset of the recession in 2008. In 2000, the U.S. deficit in manufactured goods
stood at $319 billion; by 2007, it had risen to $500 billion,* or about $2,000 for every
American citizen.!s Over the same time period, America’s share of global exports of man-
ufactured goods declined from 19% to 14%.”7 By 2008, almost 37% of all manufactured
products in the United States were imported, compared to about 33% in 2003 and less
than 10% in 1967.18
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U.S. Dollars Per Hour Worked

External Costs Hamper U.S. Manufacturing’s Global Competitiveness
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Pollution Abatement Expenditures
(percent of manufacturing value added)
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Why U.S. Manufacturing Is Having Difficulty Competing Globally

Many factors place U.S. manufacturing at a competitive disadvantage compared to other
nations. Operating costs in the United States are much higher than they are elsewhere in
the world. American manufacturing employees receive high wages: an average of $22.87
per hour, compared to the 72¢ per hour the average Chinese manufacturing employee
makes.®U.S. workers likewise typically receive benefits that employers in other countries
do not provide, such as health insurance, worker’s compensation, and 401(k)s. American
companies also pay high environmental and health and safety costs. Pollution abate-
ment costs in the United States are even higher than those of the “green economies” of
Western Europe.?® Altogether, structural costs in the United States are 17.6% higher than
those of its nine largest trading partners.
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American companies also pay taxes at higher rates than do most of their foreign compet-
itors. The United States has the second highest statutory corporate tax rate among major
industrial countries in the Organisation for Economic Co-operation and Development,
trailing only Japan.?? U.S. corporate tax rates have remained steady since the 1990s,
whereas all of America’s major competitors have lowered theirs.?®

Although American manufacturing remains a robust industry, it faces serious competi-
tion from abroad. To overcome its disadvantages in terms of cost, the sector must differ-
entiate itself through what has historically been one of its defining features: its capacity
for innovation. “America continues to be a world leader in innovation and the creation
of new products, but we cannot afford to grow complacent,” says Emily Stover DeRocco,
president of The Manufacturing Institute. “Manufacturers must remain committed to
research and development.”?

However, as the following chapter explains, the manufacturing field is facing a serious
talent shortage that may hamper its ability to innovate. Policymakers, business leaders,
and educators must work together to eliminate the growing manufacturing skills gap if
the sector is to remain competitive on a global scale.
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American manufacturers report a shortage of skilled workers such as machinists,
machine tool operators, technicians, scientists, and engineers.

A high school degree is no longer adequate preparation for many entry-level manufac-
turing jobs, which require employees to be proficient with sophisticated technology.

Many entry-level workers also lack the critical thinking and problem solving skills
they will need to be successful working under new management techniques such as
Total Quality Management and lean manufacturing, which emphasize independent
thinking on the part of employees.

Manufacturing managers, many of whom are former front-line employees, have
technical skills but may lack business and administrative skills.

This skills gap is weakening manufacturers’ ability to meet production goals and
productivity targets. Ultimately, it will hurt American manufacturing’s ability to
compete globally.

Demographics are contributing to the skills gap as many highly skilled workers are
reaching retirement age.

Younger people today are less likely to choose manufacturing as a career because
many view manufacturing as a dying industry and factories as dangerous and dull
places to work.

Recent growth in foreign manufacturing has hurt America’s ability to compete overseas,
but a homegrown problem may present an equally large threat to American manufacturing
capabilities: the skills gap. Despite recent layoffs, American manufacturers are having dif-
ficulty hiring skilled employees. Even in states such as Michigan, where 300,000 manufac-
turing jobs were lost between 2000 and 2008, small- and medium-sized plants are still in
need of skilled workers such as machinists, computer numerically controlled machine tool
operators, craft workers, distributors, and technicians.! Manufacturers also report short-
ages of the scientists and engineers whose efforts drive new product innovation.
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Types of Manufacturing Employees in Short Supply
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(2005). 2005 skills gap report—A survey of the American manufacturing workforce. Retrieved
from http://www.doleta.gov/wired/files/us_mfg_talent_management.pdf
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At first glance, the skills gap may seem counterintuitive, given that 78% of manufactur-
ing employers report a recent or planned reduction in force.2 However, manufacturing is
facing not a worker shortage but a skills shortage: Only 17% of companies report short-
ages of unskilled workers, whereas 51% are in need of skilled production workers, and
36% lack scientists and engineers.?

The skills gap varies considerably by sector. Sixty-three percent of aerospace and defense
employers, 63% of life science companies, and 45% of energy companies report short-
ages, but 98% of automotive companies say they have no shortage.*

The skills gap has weakened manufacturers’ production capabilities. Eighty-three per-
cent of manufacturers surveyed by Deloitte said the skills gap negatively impacted their
ability to serve customers, 53% said they had difficulty keeping production levels con-
sistent with customer demand, 43% had trouble achieving productivity targets, and 33%
struggled to maintain levels of customer service and satisfaction.’

The skills gap will ultimately hurt America’s ability to compete in a demanding and

rapidly changing global economy. Manufacturers say that, after new product innova-
tion, having a high-performance workforce is a key driver of success.® Forty percent of
members of Fabricators and Manufacturing Association International state that find-
ing skilled workers is their top concern—an even more pressing one than rising costs of
materials, labor, and benefits or staying current with new technology.’

Both societal and technological forces have combined to bring about the skills gap.
For example:
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Decades ago, the manufacturing field offered many opportunities

for low-skilled workers with no experience or higher education. In 1973, half of all manu-
facturing workers had not completed high school, and only 8% had any postsecondary
education. Entry-level assemblers or machine tenders were taught a single set of repeti-
tive motions, whereas more-skilled workers learned their trade on the job through for-
mal apprenticeship programs.®

During the 1980s and 1990s, U.S. manufacturers responded to the first large wave of
imports by adopting such techniques as Total Quality Management (TQM)—a manage-
ment philosophy that stresses continuous improvement in the quality of products and
process—and lean manufacturing, a production system originating in Japan that empha-
sizes optimizing workflow, reducing inventory, and eliminating waste. A fundamental
tenet of both TQM and lean manufacturing is employee empowerment: giving employ-
ees greater autonomy and ownership of the quality of what they produce; treating work-
ers at all levels as part of the same interdependent system,; listening to and implementing
their ideas about how to improve processes; and sharing more information with them. To
work successfully in plants that practiced TQM or lean manufacturing, employees had to
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learn to think strategically, communicate clearly, and make informed decisions.

Computer-based manufacturing and automation also grew in prominence during the
1980s and 1990s. Low-skill jobs were replaced by machines, whereas skill requirements
rose for the remaining jobs, as workers now needed more training to use, program, main-
tain, and repair the new technologies.®

“Today, most manufacturers use highly integrated systems, and skilled production work-
ers are in many respects technologists: workers who can engage both with products and
the systems that drive the evolution of those products,” says Emily Stover DeRocco, pres-
ident of The Manufacturing Institute.'

“Once, machine operators just needed to be able to run machines and supervise their
operation,” says University of Phoenix graduate and SmartTrac president George
Murray. “Now, machine operators act as quality inspectors and technicians as well. They
need to understand schematics, be able to conduct preventive maintenance, and have
entry-level programming skills.”

Due to these increased skill requirements, more manufacturers require entry-level employ-
ees to have at least some higher education. The United Motors plant in Dundee, Michigan,
for example, specifies that all its hourly workers must hold 2-year degrees." In some com-
panies, higher education is a prerequisite for promotion—a shift from a longstanding tradi-
tion of promoting workers based on longevity, regardless of their level of education.

More than half of today’s machin-
ists, machine assemblers, systems operators, and technicians are over age 40, and 26%
are over 50.2 The recession has kept many workers from retiring, but a wave of retire-
ments is expected once the economy recovers, DeRocco says. “Two-thirds of my shop is
ready to retire in the next five years,” says Tyco Electronics supervisor and University of
Phoenix graduate Mike Davis, Sr.

The rapid changes in skills requirements have also created a skills gap within the manu-
facturing workforce, as older workers who were trained to use older technologies often
oversee younger workers with very different skill sets. Older management professionals
may need education to upgrade their knowledge of technologies, operational standards,
and supply chain management.'®
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Americans’ Perceptions of Manufacturing
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Source: Deloitte & The Manufacturing Institute. (2010). Made in America? What the public thinks
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Manufacturing Not Viewed as a Good Career Option
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Young Americans Less Likely to Value Manufacturing

Manufacturing is important
to our standard of living

Manufacturing is important
to our economic prosperity

Manufacturing is important
to our national security

Manufacturing can effectively
compete globally

Manufacturing careers
are both interesting
and rewarding

0% 10% 20% 30% 40% 50% 60% 70% 80%

Percentage of Deloitte survey respondents who agree
or strongly agree with each statement:

I AllRespondents [ 18-24 YearsOld

Source: Deloitte & The Manufacturing Institute. (2010). Made in America? What the public thinks
about manufacturing today. Retrieved from http://institute.nam.org/view/2001024535112650658

The Skills Gap 43



Manufacturing suffers from an image problem.
People outside the industry often think that manufacturing has changed little since the
days of Henry Ford; that factories are dark, dirty, and dangerous; and that manufactur-
ing jobs are low-skill and monotonous. Swayed by media portrayals that focus on layoffs
and factory closings instead of productivity, average consumers may believe American
manufacturing is an industry without a future. As a result, they are less likely to con-
sider manufacturing as a viable career. Although 78% of Americans say manufacturing
is important to economic prosperity, only 30% would encourage their children to pursue
careers in manufacturing.*

Evidence does suggest that these perceptions may be changing. In 2009, for example,
only 33% of Americans surveyed by Deloitte said they thought that manufacturing was
clean and safe, and 59% said that manufacturing workers were highly skilled.” In 2010,
those numbers rose to 44% and 63%, respectively.’® Significantly, young Americans (ages
18-24) were the age group least likely to think manufacturing is clean, safe, and high-
tech; that its workers are highly skilled; that the industry is essential to economic pros-
perity; or that the government should invest more in manufacturing.”

Today, few high schools
point students towards careers in manufacturing: 61% of Americans say their local
schools do not promote manufacturing careers.’® Guidance counselors, who may not
know what modern manufacturing entails, tend to direct students toward other careers
instead. Fewer schools now offer the shop classes and vocational programs that teach
students usable manufacturing skills.

Manufacturers are taking steps to decrease the skills gap. Many companies attempt to
attract young people to the manufacturing field through such initiatives as apprentice-
ships and paid training programs for high school and college students, alliances with
nearby universities and community colleges, and participation in job fairs and career
days. Others work to improve employee retention by increasing benefits, making
changes to their organizational culture, and improving their supervisors’ management
skills through training. Higher education, too, has a role to play in stemming the skills
gap. That role will be explored in the following chapter.
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Many workers lack basic skills such as writing, communication, mathematics, and
problem solving, manufacturing employers say.

Higher education can give manufacturing employees both the basic and higher-
order skills they need to thrive in today’s sophisticated, fast-paced, global manu-
facturing field.

The Manufacturing Institute has created a Skills Certification System that identifies
and benchmarks skills workers need to perform various manufacturing jobs.

Employers who use skills certification systems report such benefits as lower recruit-
ment and training costs and higher retention rates.

University of Phoenix has partnered with The Manufacturing Institute to develop
curricula that teach the competencies specified by the Advanced Manufacturing
Competency Model created by the U.S. Department of Labor Employment and
Training Administration.

To successfully educate manufacturing workers, higher education institutions
should offer flexible class schedules, hire faculty with experience in the manufac-
turing field, train support staff to meet the needs of working learners, and provide
students with the opportunity to work collaboratively.

Manufacturers, policymakers, and K-12 educators must work together to ensure that
American manufacturing remains competitive on a global scale, but instructors in higher
education can also be part of the solution. Colleges and universities can help mitigate the
skills gap in a variety of ways. For example, higher education can

» provide programs to improve entry-level workers’ math, reading, and communica-
tions skills;

» promote bachelor’s- and master’s-level courses in supply chain management, finance,
economics, and other topics that will enable graduates to contribute more to their
companies; and
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» provide lifelong learning opportunities for workers who want to stay current with
new technologies and management theories.

Institutions of higher education can also help manufacturers by meeting the needs
of working learners and by aligning their course offerings with industry-identified
and -recognized competencies and skills certification standards, such as those endorsed
by the National Association of Manufacturers.

The lack of technically skilled employees is a serious problem for manufacturers, but
companies also report that entry-level workers often do not even have sufficient basic
skills. Forty-six percent of manufacturers indicate that employees have inadequate
problem-solving skills, whereas 36% say workers lack sufficient reading, writing, and
communication skills.! Eighty-one percent say that the K-12 school system does not
properly prepare graduates for floor-level careers in manufacturing. Companies find
that even basic employability skills, including attendance, timeliness, and work ethic,
are lacking.?

