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Foreword

By JON M. HUNTSMAN, JR.

urning scientific knowledge and engineering prowess into commercial prod-
ucts and services—tech-driven innovation—is a major reason why the United
States became the world’s foremost economic and geopolitical leader, and why
it remains so today. However, there is no guarantee that the future will resem-
ble the past. With worldwide competition increasing in this space, the United
States must evaluate how it can retain its edge as the world’s leading innovator.

This question is at the heart of a multiyear partnership
between the Atlantic Council’s Brent Scowcroft Center on
International Security and Qualcomm, Inc. The first year of
the partnership focused on what makes the US innovation
system—what this report calls the “engine”—run so well.
This report is the result of that yearlong effort. It presents a
whole-of-America, bottom-up look at the country’s innova-
tion engine.

Adding to the Scowcroft Center’s previous research on
tech hubs, the researchers embarked on a cross-country
trip to visit four tech hubs: Madison, Wisconsin; Boulder
and Denver, Colorado; Austin, Texas; and the San Francisco
Bay Area in California. Over the course of this process, they
met with local entrepreneurs and founders of startups;
university administrators, faculty, and students working on
commercializing campus research; venture capitalists help-
ing fledgling startups get off the ground; federal research
lab officials leading the nation’s critical scientific efforts;
coding boot camp owners upskilling workers to place them
in software engineering jobs; and elected officials enacting

innovation-friendly policies.

Together, this enormous community of people painted a
vivid picture of America’s innovation engine in full swing—one
that continues to be the best in the world, churning out revo-
lutionary technologies with the potential to change the world.

But, they also pointed out shortcomings that the US must
address if it is to remain at the top of the rapidly changing
global knowledge economy. If the United States fails to close
the gaps and adapt to the changes, it risks losing its tech-
nological and innovative edge and diminishing a powerful
driver of economic growth. In turn, this would mean losing its
leadership position in the world.

The aim of this report is to shed new light on the chal-
lenges and raise awareness about the need to strengthen
and spread technological innovation more broadly across
the United States. The report’s recommendations offer a
blueprint for creating a more inclusive knowledge econ-
omy that provides opportunities and prosperity for all
Americans, and retains the country’s status as the foremost
innovator in the world.

6,(_4312-1»-

Jon M. Huntsman, Jr.
Chairman
Atlantic Council
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Executive Summary

sy MATHEW J. BURROWS

Dr. Mathew J. Burrows /s the director of the Atlantic Council’s Foresight, Strategy, and Risks Initiative in the Brent
Scowecroft Center on International Security. He is the principal author of the National Intelligence Council publication

Global Trends 2030: Alternative Worlds.

up US innovation.

Two trends are increasing the risk of a loss in the United
States’ technological edge. On the one hand, emerging
countries now recognize the importance of a knowledge-
based economy and are making it a priority. China seeks to
dominate the “full stack” of tech innovation, starting at the
bottom with the research and development of basic tech-
nologies, and continuing up to the production of hardware,
software, apps, social media platforms, and other goods
across a range of industries from consumer electronics to
biotechnology. For example, having already established
smart phone companies, the Chinese have begun to invest
heavily in producing the underlying technologies within
those phones, such as microchips. At the same time, China
and other emerging countries, like India, are devoting
significant monetary and human capital resources to other
emerging technologies, including artificial intelligence,
machine learning, and robotics, threatening to leapfrog US
advances in these areas.

On the other hand, the United States is now far less will-
ing to make the necessary investments in the sources of
innovation at home. Federal funding for basic research and
development continues to decline, while support for public
universities is being slashed. The United States’ attention
should be focused on technological transformations and how
to prepare for them. As robots and automated manufactur-
ing processes enable factories to produce more goods with
fewer people, the US will need to rethink everything from
education and skills training to social safety nets to prepare
for the jobs of the future.

Together, these trends could have significant geopolitical
and socioeconomic implications for the United States. The
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fter World War I, a confluence of factors enabled the United States to
become the world’s leading technological and economic powerhouse.
But now, the United States risks becoming less competitive and losing its
edge in tech innovation, which would have profound implications for its
global leadership. This paper provides a strategic framework for shoring

US military could lose control over mission-critical technol-
ogy; private firms and companies could fail to commercialize
the next revolutionary consumer good; and Americans could
find themselves less educated and less employable than
other citizens around the world. It is in the United States’
best interest to develop more tech hubs in more places, and
therefore bring in more diversity to the nation’s innovation
machine. Expanding the circle of prosperity and spread-

ing technological innovation throughout the country will be
important to future economic growth. A more diverse and
enlarged set of tech hubs can help seed more sources of
prosperity throughout the country.
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Highlights of
this Report

Research and Development
esearch and development (R&D) is the

R cornerstone of the innovation process. The
federal government is the most important part of the R&D
equation, with academia and the private sector playing key
roles as well. However, the current downward trajectory of
federal R&D spending combined with declining federal and
state support for research universities does not portend well
for maintaining the United States’ technological superiority.
If the US innovation engine is not tuned up soon, others will
surpass it.

Federal funding for R&D needs to be thought of as the
nation’s scientific seed corn, enabling basic, pre-competitive
R&D that will mature into harvestable technologies in the
future. However, federal R&D spending has shrunk signifi-
cantly over the last few decades; once the world leader, the
United States now ranks twelfth in government-funded R&D
spending as a percentage of GDP. Additionally, there has
been a complete role reversal in sources of funding between
the federal government and the private sector. While the
private sector is good at taking mature technologies and
turning them into commercially viable products, it is not
equipped to develop technologies that can give the United
States “first mover” advantages. The federal government is
the only actor that can set the agenda for and fund basic
scientific research with an eye toward long-run social, eco-
nomic, and national security payoffs.

America’s public and private universities are also critical
parts of the nation’s research backbone. First, universities
conduct basic STEM (science, technology, engineering, and
mathematics) research, including the bulk of the nation’s
pure scientific and technical research (alongside federal
research labs). Second, they employ many thousands of
scientists, mathematicians, and engineers across the coun-
try, while educating and training many more students across
a huge range of disciplines. Third, university research itself
drives commercial invention in the United States. Finally,
universities are important hubs for cultural reasons: by con-
centrating large numbers of talented people of all ages and
diverse backgrounds in a single place, they give tech hubs
a vibrancy from which invention and innovation can spring.
Yet, despite all this, public support for universities and uni-
versity research has been on the decline. State governments

Coffimunity
College study-
ing Mechatronics
Engineering
Technolegy."

are increasingly treating higher education as a luxury that
should be paid for by direct beneficiaries—the students—
rather than as a core public good that is vital to the future.
@ uman capital is another critical factor in inno-
H vation, as it is people who have the skills to
turn ideas into commercial products and services. The United
States needs to educate more of its own citizens in STEM
subjects, while also remaining a magnet for the world’s talent.
If the United States aspires to have both a strong national
economy and broadly shared prosperity, it must provide
much better education and training systems that fit the
twenty-first century’s knowledge economy. Additionally, the
very concept of “work”—and the social protection programs
built around it—may need to be rethought. However, even
as the United States trains more of its citizens, immigration
reform is also needed to fill demand for highly skilled workers.
Coding “boot camps”—which have exploded over the past
decade—have become an important training intermediary.
They provide an intense, immersive experience for people
who want to become software developers. Startup accelera-
tors and incubators also are facilitating efforts to give better
training in entrepreneurship. They help teach skilled techni-

cians (engineers, scientists, etc.) how to become successful
business owners; enable fledgling businesses to co-locate

Human Capital: Rethinking
Skills and Skills Training
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in common office spaces and receive some initial invest-
ment; and offer mentorship, peer collaboration, networking
opportunities, and marketing advice. In addition, the nation’s
community colleges play a key role, as the knowledge
economy will require highly skilled workers who can use both
their hands and minds. Vocational training and apprentice-
ship programs have great potential to bring more people into
the innovation machine.

Finally, while getting more Americans directly involved in
tech innovation, the United States needs to keep the door
open—if not widen it more—to non-US talent. Skilled immi-
grants have played an outsized role in America’s innovation
machine, more often than native Americans becoming entre-
preneurs. Many also fill highly critical positions in the tech
fields. The country benefits from the dynamism and creativ-
ity that skilled immigrants bring with them. Foreign-born
STEM workers who attend US universities but end up having
to return to their home countries such as China or India
where they will compete against US firms is a self-inflicted
wound that Washington must address.

Ideas and Intellectual Property

; he United States has a long and robust history
of intellectual property protection, dating
back to the country’s founding. The framers set up a system
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Day-long Science
Careers in Search of
Women Conference
at Argonne National

Laboratory

that protects both the private property right and interest in
profit and the public interest in knowledge production and
dissemination. In the United States, intellectual property
protection extends to patents, copyrights, trade secrets, and
trademarks. The US patent protection system has been—
and remains—one of the strongest in the world. Since the
country’s inception, this system has been undergirded by a
well-developed body of patent law and a strong system of
patent review and approval.

In recent years, critics have argued that the US patent
system is inefficient, leads to too many patent infringement
lawsuits, creates intellectual monopolies, raises R&D costs,
hinders private investment, and hits small firms such as
startups particularly hard. However, empirical studies have
provided strong counter-evidence that the US patent system
continues to do its job very well.

The most contentious part of the debate about the US
patent system has revolved around patent litigation. Critics
have argued that increased litigation is a significant problem
that hinders innovation, raises tech development costs, and
harms small tech firms, including startups. But defenders of
the patent system note that patent litigation has been a fea-
ture of the US system for a very long time, and that litigation
rates have only modestly increased if at all. They therefore
contend that the litigation problem is greatly exaggerated.

ARGONNE NATIONAL
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Recommendations

he United States must accomplish five main objectives if
it wants to maintain its innovative edge:

century knowledge economy. Federal, state, and

local policies must ensure that the innovation
engine—and the wealth it creates—is available to all
Americans. Making the knowledge economy work for people
of all kinds, including women and minority groups, and in all
parts of the country rather than only a few, will strengthen the
entire nation. To accomplish this, the United States should do
the following:

=» Reverse the decades-long trend toward shifting the
public-university-funding burden from taxpayers to students.
Total student loan debt increased approximately 400 percent
from 2004 ($0.26 trillion) to 2016 ($1.31 trillion).!

=» Incentivize STEM education, starting at the primary level.
The language of the future will be code, and students must
learn to read and write it early on.

-» Create a Technology Adjustment Strategy (updating/
rethinking Trade Adjustment Assistance) in anticipation of
tech-driven disruption and job loss—a comprehensive skills
training/social safety net package. It should focus on technol-
ogy-oriented training and aligning skill with job opportunities
that can be provided over the course of a person’s working life.

=» Reconsider if postwar social protection programs based
on lifetime employment are still the best ones.

@ Talented entrepreneurs are mobile individuals who

seek out places to live and work based on several
considerations. To build reputations as world-class tech hubs,
state and local governments must create and sustain several
necessary conditions:

=» Foster the concentration of talent (including like-minded
entrepreneurs and skilled technical talent) by linking them
to at least one scientific or technical research institution and
ensuring easy availability of intermediary institutions, such as
accelerators, incubators, and co-working spaces.

=» Ensure better access to capital for tech startups. This
includes providing aggressive public funding of R&D at the
basic and transitional stages, as well as achieving more bal-
ance in federal funding among the sciences. State and local
governments can also encourage private capital to focus on
startups in smaller tech hubs.

Enable more citizens to prosper in a twenty-first-

Sustain entrepreneurial environments for startups.

Encourage commercialization of research, no
matter where it occurs. Universities play a critical
role in tech-based innovation, but often struggle to
commercialize their research. Universities need to better
facilitate tech entrepreneurship.

=» Fund university-sponsored incubators and accelerators
to help get university lab research into the local commercial
bloodstream.

=» Broaden the entrepreneurial mindset within universities
from simply the development of ideas to the monetization of
those ideas. Encourage habits, perspectives, and goals among
faculty, research staff, and students to facilitate tech transfers;
build the culture and structures to help with such transfers.

= Identify and employ a best practices template for tech
transfer licensing.

Cultivate place and culture. Absent smart and
creative state and local policies and practices,
America’s imbalanced geography of innovation will
get worse. State and local governments should do the
following:
=» Build and provide effective and efficient transportation
systems, affordable housing, high-quality public amenities,
good schools, and a clean environment. Tech hubs should
not just be where people want to work, but more importantly,
where people want to live.
=» Invest in creative public infrastructure.
=» Burnish the unique qualities of their local cultures to

attract and build a creative class.

ment can play. The United States should recognize

there are some things only the federal government

can do (convening power, providing for national defense
through security-related R&D spending, protecting intellec-
tual property). Besides increasing federal funding for basic
R&D, the president should do the following:

<> Assemble a national commission of federal, state, and
local government officials, scientists and engineers, university
officials, and representatives from civil society and the private
sector to identify gaps and vulnerabilities in the US innova-
tion system and recommend ways to reinvigorate US global
competitiveness.

= Link basic R&D funding to other elements of innovation,
by encouraging universities to create robust tech trans-
fer capabilities, directing funds to tech clusters for priority
emerging technologies, or incentivizing medical research
institutions to collaborate so as to maximize National
Institutes of Health grants.

< Assemble a standing interagency committee to moni-
tor the patent process, including the role of litigation in the
system, to advise on whether the patent process is furthering
innovation.

Together, these objectives and recommendations define an
overarching vision that should drive America’s response to
increasing global competition in the tech space.

Elevate the positive role that the federal govern-
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INNovation: The process of transforming an
idea, concept, or knowledge into a product or
service that delivers significant new value?
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echnical innovation has been fundamental to the economic prosperity and
global preeminence of the United States for a very long time. Yet while the
United States still enjoys its leading position, there is growing risk that it will
lose its edge in technical innovation. There is increasing competition from
China and other emerging economies that threatens to displace the United
States’ top role in a range of key technologies. In an age of ever-faster

technical development, the United States will stay atop the global order only if it begins
to heed the warnings that have become louder over the past decade, and invests for the
future so it continues to turn scientific research into usable technologies swiftly and effi-
ciently. The stakes are enormous, for if the US fails to sustain and strengthen its innovation
system, it will be replaced as the world’s preeminent economic and geopolitical power.

This report treats innovation as it should be treated: in
strategic terms. It examines the process of innovation in the
United States and sets out a framework for the US to retain
its edge as the global leader in tech-driven innovation. The
analysis rests neither on the premise that innovation can be
directed only from above by the federal government, nor
that it is only the result of heroic individuals tinkering away
in their garages. Rather, this document considers both to
be essential parts of a national innovation “engine,” which
together with a series of other moving parts creates the

technologies that give the US its competitive edge.

There are at least four types of arguments when it comes
to explaining innovation. The first emphasizes the importance
of countries, the second of cities, the third of companies,
and the fourth of individuals. Each has merit. It makes sense
to rank countries by degree of innovativeness, for some
countries routinely churn out more innovative material than
do others. It makes sense to focus on cities, for the simple
reason that innovation occurs far more often in some places
than it does in others. Everyone associates Silicon Valley with

KEEPING AMERICA’S INNOVATIVE EDGE: A STRATEGIC FRAMEWORK 7
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innovation for a reason: California’s Bay Area, of which the
Valley is a part, is the world’s premier tech hub. It also makes
sense to argue that firms are the sources of innovation. The
world’s tech giants—Apple, Google, Microsoft, and so on—
have developed world-changing technologies. So too have
tech startups disrupted the world—Twitter and Uber, to men-
tion just a couple. And finally, of course, innovation is often
associated with individuals who, due to genius or inspiration
or just plain stubbornness, have invented a world-changing
technology or product. Steve Jobs, Bill Gates, Alexander
Graham Bell, and many others fall into this category.

All of these arguments are correct, but each is only a
partial explanation for how innovation occurs. The reality is
that innovation in the United States should be thought of
as a system or as a kind of machine—an engine. America’s
innovation engine has numerous moving, interacting parts,
consisting of individual workers, entrepreneurs, researchers,
and investors; small and large firms; universities and research
laboratories; intermediate institutions of various kinds; and
government at the local, state, and federal levels. Each of
these parts has a function, and each has a proper role that
works in relation to all of the others, much like a physical
engine. When one part functions poorly, the engine’s perfor-
mance suffers. When all parts perform well, the engine hums
at maximum capacity.

The purpose of this effort is to understand the state of this
system of innovation: in part because innovation is so impor-
tant to the United States’ positioning in the world, but also

8 KEEPING AMERICA’S INNOVATIVE EDGE: A STRATEGIC FRAMEWORK
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because we (the authors) believe that it is in the best interest
of the United States to give more people in more places the
chance to participate in the giant wealth creation engine—
the machine—that is tech-driven innovation.

As this document describes, America’s innovation engine
rewards some while leaving many others on the outside look-
ing in. Middle-aged workers, suddenly thrown out of work
due to downsizing or outsourcing, often struggle to find their
way back into high-paying career paths in a world where
their skills no longer apply. Women, the poor, and minorities
too often face structural impediments to their full partici-
pation. Simply put: not all citizens prosper from America’s
innovation engine.

There is also an unfortunate spatial dimension to this prob-
lem. The fact is that America’s innovation engine hums along
well in some cities, but is marginal or nonexistent in others.
The people who live in the former places benefit economi-
cally, those in the latter far less so. This spatial disparity
threatens to hollow out the country.

This report examines America’s innovation engine from the
inside out—or, to apply a different analogy, views it from the
bottom up. During the summer and fall of 2016, the authors
and other Atlantic Council staff traveled to four recognized
tech hubs around the United States: Madison, Wisconsin;
Colorado’s Front Range (with a focus on the Boulder-Denver
corridor); Austin, Texas; and California’s Bay Area (the Silicon
Valley-San Francisco/Oakland mega region). The Atlantic
Council previously visited the Boston-Cambridge area.

ER/NREL/FLICKR
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The purpose of this “road trip”—admittedly an incomplete
tour of the United States’ tech hubs—was to learn about
why innovation happens in particular places around the
United States. With local partners, the Atlantic Council held
roundtables in each of the hubs and conducted a series of
one-on-one interviews with local leaders, ranging from entre-
preneurs to university and federal research lab officials to
investors to accelerator owners to scientists and engineers.
Each case study is unique, and the road trip was designed
to identify and understand how and why each of the hubs
works and what the secret sauce is for each. This report’s
findings are, to a large extent, a distillation of the lessons
learned in these places.®

This report assumes innovation is a positive-sum game,
wherein the success of one place adds to the success of
other places around the US. To be certain, there is competi-
tion for “knowledge economy” leadership—the United States
plays this game, as does the state of Texas, as does Silicon
Valley, as do startups everywhere. But the point is that as
knowledge is infinite, new knowledge in one place adds to
capabilities in others, at least over the long run. It is in the
best interest of the United States to create more places that
churn out innovative products.

This report is organized as follows. The remainder of this
section outlines the stakes for the United States, making the
claim that while the US has always been among the world’s
most innovative societies, its global leadership should not
be taken for granted. Keeping the innovation engine run-
ning properly should be the top priority of this country’s
leadership. Some places in the United States do far better
at tech-driven innovation than others, with uneven conse-
quences for the country as a whole. Recasting globalization
as a technologically-driven phenomenon requiring appro-
priate responses is an important part of this reprioritization
process. The second major section diagnoses the innovation
system, taking stock of how it works through an assessment
of its various parts. The third major section provides a strate-
gic framework for keeping America’s innovation edge in the
world. This section provides recommendations for all levels
of government as well as for universities and research labs
and other pieces of the nation’s innovation engine.

A Special Section insert provides a detailed review of
each of the four tech hubs that Atlantic Council staff toured
during the 2016 trip, plus a shorter review of Washington,
DC’s status as a tech hub.

Finally, the report features five short essays on various
topics penned by guest contributors.

The Stakes

he United States has been a nation of inventors since
its founding, from Ben Franklin and Thomas Jefferson

The special conditions that
favored the United States after
1945 are gone.

to the revolutionary impact of Henry Ford’s assembly line,

to the creation of the internet, personal computer, Global
Positioning System (GPS), and smart phone. America, in
short, innovates. Yet this provides no guarantee of future
leadership. Historically, the United States did not emerge as
the global leader in tech-driven innovation until the twen-
tieth century, and most spectacularly after World War Il. A
confluence of factors enabled the US to emerge from the
war as the world’s greatest technological and economic
power. This position was greatly assisted by the fact that its
rivals were either recovering from the devastation of the war
or, in the case of Mao Zedong’s China, inwardly focused. It
also depended to a great extent on the federal government’s
decision in the decades after 1945 to invest heavily in science
and technology, which led to many of the technologies soci-
ety now takes for granted, including the internet.

This leadership position is now under considerable stress,
for two reasons. First, the special conditions that favored the
United States after 1945 are gone. Becoming a global leader
in the knowledge-based economy is now a priority for politi-
cal leaders everywhere, including in the massive emerging
economies of China and India. These governments under-
stand the intense international competition for first rank in
the global economic and geopolitical sweepstakes.

This observation is not trivial. The Defense Science Board
observes that “an increasing fraction of the world’s basic
research is being conducted outside the United States.”®
More than 51 percent of the world’s patents are filed outside
the United States.® In addition, a significant portion of US
private sector research is occurring overseas in corporate
subsidiaries and their labs.

Second, the United States now appears far less willing to
invest in the sources of innovation, and risks living off of its
legacy of past investments. It is important to note that the
rise of others does not mean the United States is in decline.
The US retains the ingredients for sustaining its leading
role—it has sixteen of the world’s twenty top-ranked universi-
ties, a culture of entrepreneurship, a large and sophisticated
venture capital market, a web of tech hubs stretching from
Silicon Valley to Boston, and the largest tech companies in
the world. Innovation is a ubiquitous buzzword, including at
the Pentagon, which has opened an office in Silicon Valley
and is appointing a chief innovation officer. Defense officials
understand the importance of keeping the US military on the
cutting edge of technology.

Yet despite these advantages, the US must continue to

KEEPING AMERICA’S INNOVATIVE EDGE: A STRATEGIC FRAMEWORK 9



make public investments and pull the right policy levers if it
is to stay ahead. Political dysfunction and a disillusion with
institutions has led to declining federal spending in research
and development (R&D), an education system that is not
producing enough graduates in STEM (science, technology,
engineering, and mathematics), and an array of other chal-
lenges that together undermine rather than strengthen the
innovation engine.

The stakes are not purely geopolitical, for deep socioeco-
nomic questions also are at hand. The world is entering what
former AOL Chief Executive Officer Steve Case has dubbed
the “third wave” of innovation. Following the rise of the
internet in the 1990s and the explosion of the app economy
and mobile revolution in the early 2000s, the world entered
a period of ubiquitous connectivity.” Now, a set of emerging
transformational technologies will collectively have as much
or more impact on the national and global economies as the
digital revolution in the 1990s. These technologies include
artificial intelligence, robotics, novel materials, 3-D and 4-D
printing, big data analytics, nano-engineering and manufactur-
ing, biotechnologies, and quantum computing. Together, these
technologies will profoundly impact the coming decades.?
They will transform healthcare, education, transportation,
finance, food production, and, indeed, the nature of work itself.

Misreading Globalization

he innovation challenge comes at a time when there is

increasing backlash against globalization, which in large
part is driven by economic inequality within and among
nations plus stagnant wages for a great many people. As
important as these issues are, the debate about globaliza-
tion should be recast—we believe we are having the wrong
debate about globalization. Trade is important, and it will
continue to create winners as well as losers. But the central
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focus should be on how the United States prepares for the
technological transformations that will disrupt national and
global markets alike.

Unfortunately, the impact of technology on employment
and wages was largely absent as a topic in the 2016 US
presidential campaigns. Rather, the major candidates in both
political parties focused on trade as an all-purpose villain.
Yet the vast majority of manufacturing job loss in the US
since 2000—87 percent by one estimate®—has been due
not to trade, but to the effects of technology and automa-
tion. Looking forward, Americans should anticipate a type
of globalization that features technology as the central
actor. Indeed, this reality might already be here. American
manufacturing has held steady at about 15 percent of gross
domestic product (GDP), but has represented a declining
share of the US workforce for decades.' The reason is not
hard to divine: robots and automated manufacturing pro-
cesses have enabled factories to produce just as much with
fewer people. These processes will also localize production
and shrink global supply chains.

This manufacturing story will be repeated across many
sectors, over and again in the coming years. How will the
United States rethink and align education and vocational
skills with the jobs of the future? How will the United States
cushion displaced workers with a social safety net to enable
them to sustain and reinvent themselves? How will the
United States enlarge opportunity to make the tech-driven
economy more inclusive for women, minorities, the poor, and
for those mid-career workers whose jobs come to an end
through disruption?

The Geography of Innovation
he economic world, to amend a phrase, is not flat."
Rather, the world’s economic geography is spiky—it

is overwhelmingly concentrated in the world’s cities. The
city’s basic feature, physical proximity, is also its great and
enduring virtue: the benefits of living and working in close
proximity to talented people, and having easy access to a
wide range of services and infrastructure, far outweigh the
costs for both individuals and firms. Cities are where creative
people can find employment, build skills, engage with one
another, cross-pollinate ideas, access scientific research insti-
tutions such as universities and laboratories, and raise money
for their entrepreneurial efforts.”? They are where firms are
born and mature, and where fortunes are won through inven-
tion. The history of innovation reads like a history of cities:
since the dawn of the Industrial Revolution, Manchester,
New York, Detroit, Los Angeles, Palo Alto, and many others
all have, at different times, been at the forefront of global
innovation.

Historically, there has always been a hierarchy of cities,
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with the biggest most often being the richest and most pro-
ductive and the smaller ones resigned to having second-tier
status.”™ The economic geography of tech-driven innova-
tion follows this pattern. In the United States, California’s
Bay Area, including Silicon Valley, is by far the wealthiest
and most impactful innovation node. Because it established
itself decades ago as the global epicenter of innovation,
the Bay Area is now akin to a vortex, with its sheer grav-
ity serving to attract talent, investment, and attention from
just about every corner of the globe. Yet while the Bay Area
stands alone, a number of US cities also qualify as first-rate
tech hubs. These include New York City, Seattle, Boston,
Austin, the Boulder-Denver corridor, and North Carolina’s
Research Triangle. Other important hubs, not as well known,
include Los Angeles, San Diego, Salt Lake City, Pittsburgh,
and Washington, DC. Finally, the United States boasts a
number of far smaller but still vibrant hubs such as Madison,
Wisconsin, and Eugene, Oregon.™

The United States, therefore, has an impressive dispersal of
activity, but the nation’s geography of innovation is still heav-
ily weighted toward just a few places, mostly concentrated

FIGURE 1. Venture Capital Investment in US $ Millions

on the coasts. California’s Bay Area, Boston, and New York
City alone, for example, account for some 80 percent of
venture capital investment nationwide. Of this, 50 percent is
concentrated in Silicon Valley."

To reiterate a point made in the Introduction, it is in
the United States’ best interest to bring more places,
and therefore more people, into the nation’s innovation
machine. Expanding the circle of prosperity—by facilitating
the creation of more tech hubs in more states around the
country—will be important to future economic growth. While
the history of economic geography suggests that the vast
majority of tech hulbs will never rival the Bay Area, Seattle,
or Boston for supremacy, that argument is beside the point.
In a world increasingly dominated by technological disrup-
tion, wherein entire economic sectors can disappear in the
blink of an eye, it is imperative to reinvent local and regional
economies everywhere around the country. Pittsburgh in
the Rust Belt is one prime example of a successful reinven-
tion; Detroit is trying to follow. Failing to do so risks allowing
entire regions to atrophy, and threatens to hollow out the US
economy in the years to come.

Source: Martin Prosperity Institute.
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ities and regions are the physical places where innovation occurs on the
ground, but as this report maintains, innovation is a product of a national
system consisting of multiple interacting parts. These parts are varied and
include robust R&D, often funded by the federal government and occur-
ring at research universities and federal research labs around the country;
tax and regulatory policies that exist at local, state, and federal levels; pri-
vate investment and entrepreneurial activity within established firms and startups; and the
activities of a suite of intermediary institutions that, together, provide the lubricant for the
nation’s innovation engine. Intermediary institutions include the relatively recent invention
of accelerators (since 2005) and incubators that facilitate tech startups and skills training

initiatives in the private sector (including so-called software-coding boot camps).

This section diagnoses pieces of this system, with an eye
toward those parts that are among the most critical and
under some stress.

Research and Development

he United States has had distinct advantages in a variety

of areas related to innovation. Arguably, no piece is more
important than R&D, rightfully thought of as the starting
point and cornerstone of the entire innovative process. R&D
is itself a complex equation, consisting of multiple actors,
different timelines, and overlapping incentive structures. The
actors include the government, most prominently the federal
government; hundreds of independent research institutions,
especially the nation’s public and private research universi-
ties; and private firms.

The federal government is the most important piece of the
R&D equation. Though too often disparaged, the federal gov-
ernment has played an indispensable role in setting the table
for commercial innovation, not least since the middle of last
century.® The Manhattan Project, which created the atomic
bomb, is but one dramatic example of government R&D
producing very concrete and, in this case, exceedingly conse-
quential results. The shale revolution (referring to oil and gas
drilling) is a prototypical example of how public R&D invest-
ment can lead to breakthrough commercial technologies.

Shale technologies were incubated by more than a decade’s
worth of US Department of Energy R&D funding, which
when mature spurred bold, risk-taking entrepreneurship in oil
and gas exploration.” In fact, multiple federal agencies have
been instrumental in laying the foundation for innovation
across a range of technologies—for example, the National
Institutes of Health in pharmaceutical research and other
medical areas. In some instances, interagency projects like
the National Nanotechnology Initiative have been set up to
advance basic R&D in new areas of technology.’

At the end of World War I, the seeds of the federal gov-
ernment’s postwar role in R&D were planted by Vannevar
Bush, one of the nation’s top engineers and an organizer of
the Manhattan Project. Bush’s July 1945 report, Science.: The
Endless Frontier, made a strong case for sustained federal
investment in the sciences, specifically through a robust
system of federal grants to universities. The Harry Truman
administration heeded Bush’s advice, setting up a grant-mak-
ing system that has worked along these lines for decades.”

The federal government is the
most important piece of the R&D
equation.
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Perhaps the most remarkable government agency to
catalyze innovation in the postwar United States has been
the Pentagon’s Defense Advanced Research Projects Agency
(DARPA). It is only a slight overstatement to say that without
DARPA’s visionary R&D funding, there might not be a Silicon
Valley. When the Soviet Union launched Sputnik in 1957, two
direct consequences were a surge in defense-driven R&D
and a short-lived emphasis on STEM education in the United
States.?° Founded in 1958, DARPA helped drive this effort.
DARPA-funded basic research at labs around the United
States led to the integrated circuits and semiconductors that
became the bedrock technologies in the Bay Area (hence
the word “silicon” in Silicon Valley). Nor is DARPA ancient
history. More recently, it has funded annual competitions
called Grand Challenges that have accelerated the private-
sector development of robotics, artificial intelligence, and
self-driving vehicles.?

While DARPA’s research funding focuses on military
technology, the payoff to much of its investments has been
socioeconomic, as the dual-use nature of new technologies
often fosters commercialization. DARPA-funded research
on semiconductors in the 1960s, and subsequent govern-
ment procurement, provided the economies of scale that
enabled the later development of the personal computer.
The ARPANET, created during the 1960s through DARPA
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funding to connect researchers, evolved into today’s inter-
net. Similarly, the research that led to today’s GPS, a staple
of smartphone technology, was conducted by the US Navy
between the 1950s and 1970s. By one estimate, 88 percent
of leading inventions between 1977 and 2006 depended in
some degree on publicly funded research.??

The fact is that the government is the only actor that can
lead and fund basic science with an eye toward long-run
social, economic, and national security payoffs. The private
sector is not equipped to play this role, because scientific
research takes years to mature and may not have a com-
mercial payoff in the end. Through DARPA, the National
Institutes of Health, the Departments of Defense and Energy,
plus other departments and agencies, the federal govern-
ment funds basic and pre-competitive R&D that the private
sector will not fund, and takes initial risks (pre-commercial
risks) that the private sector simply is unwilling to accept.
This is because the government has the financial staying
power to make risky investments over the long term, and—
critically—the interest in seeing technologies come to fruition
that have broad public application, for example in public
health or national security.?®

The good news is that, overall, US spending on R&D is at
2.8 percent of GDP, a higher level than at any time since the
1960s, and still the most of any nation. Between 1962 and
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2013, federal R&D doubled in absolute terms, from $59 bil-
lion to $132 billion, with most investment in defense-related
R&D (54 percent). Over the past two decades, health-related
R&D (22 percent) also took off, though its growth has been
intermittent.24

But there is very bad news on the R&D front. As a
percentage of US GDP, federal R&D spending has shrunk sig-
nificantly, declining from about 1.2 percent of GDP in 1976 to
just shy of 0.8 percent in 2016 (see Figure 2). Over the past
decades, there has been a reversal in R&D funding: in the
1960s, around 70 percent of total R&D was federally funded,
with 30 percent coming from the private sector. Now, almost
70 percent of funding comes from the private sector, and 29
percent from the federal government. Private-sector research
is overwhelmingly applied research, with short (two or three
year) timelines for ready technologies to become successful
commercial products. Thus the 69 percent R&D funding level
is somewhat misleading. The private sector’s emphasis is
on the “D” in R&D, as it should be. The private sector is very
good at taking mature technologies, or nearly mature ones,
and turning them into commercially viable products. It is not
as good at developing technologies that have a long-run
payoff, for a straightforward reason: the bottom-line risk is
too great to invest large sums of money in technologies that

FIGURE 2. Trends in Federal R&D (as a percent of GDP)

might (or might not) pay off years or even decades down
the road. This logic shows up in dollars. Whereas roughly 80
percent of public research dollars go to basic R&D and 20
percent to applied research, in industry the reverse is true:
eighty cents of every dollar spent on research in the private
sector is on applied research.?s

Basic R&D, funded by the federal government, has been
the building block of America’s innovation engine and was a
central plank of America’s national security effort during the
Cold War. Recent budget sequestration has meant modest
declines in R&D since 2013, and federal R&D’s 0.89 percent
share of GDP is at its lowest level since the pre-Sputnik era.
Government funding needs to be thought of as the nation’s
scientific seed corn, as it is the basic, pre-competitive R&D
that will mature into harvestable technologies in the future.?¢

RESEARCH EXAMPLE
Small Business Innovation Research/Small
Business Technology Transfer

ne important form of federal support for science and
O technology startups is an obscure program unknown to
most Americans yet an important source of seed capital: the
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Stages of venture capital equity funding

Friends $5000 - $50,000 develop product,
and family define market
Angel $50,000 - $1 million proof of concept,
or Seed business model
Series A $1 million - $10 million commercialization
Series B $10 million - $100 million stock offers,
scaling up
Series C $100 million - $1 billion  full scale
commercialization,
IPO ready

Small Business Innovation Research (SBIR) and the related
Small Business Technology Transfer (STTR).?” Since created
by Congress in 1982, SBIR/STTR grants have become critical
to the nation’s innovation system, providing thousands of
grants annually to small companies (less than five hundred
employees), a loan total in aggregate some $2.5 billion. In
total, since the programs’ inception, these grants have pro-
vided $43 billion in research funding. These programs have
been enormously helpful to university researchers, providing
grants to help them create startups based on their institu-
tional research.?®

Congress mandates that eleven federal agencies with
research budgets over $100 million allocate 2.8 percent
of those budgets for SBIR/STTR grants (in 2017, that allo-
cation will be 3.2 percent).?® Under the Small Business
Administration (SBA), the programs provide seed grants
($100,000-%$150,000 range) during “Phase 1,” which refers
to a competitive selection process. Each year the SBA and
other federal agencies award hundreds of grants during
this phase, with an award rate of around 15-20 percent of
applicants. “Phase 2” funding refers to Phase 1 projects that
show commercialization promise; these grants are often
between half a million to $1 million.?° “Phase 3” funding is the
final phase and it is the stage during which successful firms
find commercial funding from venture capital firms and angel
investors.

Startups are not the same as small businesses. Whereas
a small business seeks immediate profit and a stable enter-
prise, a startup seeks long-term growth with evolution to
high-value payoff (Snapchat, Airbnb, and Uber, all valued in
the tens of billions of dollars, are current examples). SBIR/
STTR grantees have included iRobot, 23andMe, Qualcomm,
and Symantec Corporation, with each receiving critical pro-
gram grants to assist in the early development of their core
technologies.®

Another, less well-known, example is Stratatech, a
Wisconsin company. Stratatech has received SBIR/STTR
program grants from the Departments of Defense and Health
and Human Services plus the National Science Foundation
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to assist in the development of its core technology, which

is regenerative skin.3? (Stratatech is discussed in the Special
Section write-up on Madison, Wisconsin.) In all cases, the
purpose of the SBIR/STTR grants is to fund technological
development that might prove beneficial to society, extend-
ing beyond economic return. Stratatech’s technology is the
perfect example, as it benefits people who suffer grievous
burn injuries, such as soldiers wounded in battle.

While the SBIR/STTR program is a practical example of
smart public-private cooperation, there are ways to improve
it and build in other incentives to complement the program.
Rhode Island provides an illustration of how state and local
governments can improve the process. There, the state
and local governments provide incentives to complement
SBIR seed grants (and funds from other early investors).
For example, the state allows recent university graduates
to reduce their college loans if they stay and launch in-
state startups. This kind of state-level initiative is important,
because public research universities and medical hospital
research programs often have a hard time retaining talented
people, who often leave the state.

The United States possesses
the finest collection of research
universities in the world.

RESEARCH EXAMPLE
America’s Universities

he United States possesses the finest collection of

research universities in the world. In terms of quality
and number of world-class research institutions, the US is
by far the global leader. America’s private universities are
critical parts of the nation’s research backbone—think of the
importance of the Massachusetts Institute of Technology
(MIT), Stanford, Carnegie Mellon, and Duke universities to
the respective tech hubs of Boston, Silicon Valley, Pittsburgh,
and the Research Triangle. But what most sets the US apart
from the rest of the world, and what should give every
American citizen justifiable pride, are the nation’s public
research universities. Many public universities rank with
the best private schools in terms of scientific and technical
research—for example, big state universities in Wisconsin,
Michigan, Washington, North Carolina, Ohio, California, and
Texas immediately come to mind, as do public engineering
schools such as Purdue, Virginia Tech, and Georgia Tech. In
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HOW CAN UNIVERSITIES GET BETTER AT
COMMERCIALIZING THEIR LAB RESEARCH?

sy TERRI FIEZ, VICE CHANCELLOR FOR RESEARCH & INNOVATION,

UNIVERSITY OF COLORADO BOULDER

ne of my passions is making sure the incredible dis-

coveries made by our faculty and researchers have the

greatest impact possible. Through my work here at

CU Boulder, and previous experience at Oregon State
and a number of startup ventures, | have learned that commercial-
ization is one of the most effective ways to connect breakthrough
results from universities with the individuals and communities who
need them the most.

Aligning our research outputs with the needs of the broader
world requires embracing an entrepreneurial approach by provid-
ing the training, incentives, and resources to codify the approach
into “the way things get done.” The inertia to maintain age-old
approaches is strong on most campuses, so the effort to change
the mindset must be strategic and comprehensive.

We need to show faculty and staff the rewards of entrepreneur-
ial approaches, provide the training and resources to successfully
deploy such approaches, and, perhaps most importantly, offer
the cultural green light to take risks that so often discourage
innovators.

In addition to ensuring that contracting practices and other
administrative requirements make collaboration easy, important
needs include the following:

+ foundational education and training on entrepreneurial mind-
sets, including building core competencies like collaboration
skills, embracing network approaches, and tolerating failure as
part of an iterative process;

* formal and informal recognition of innovation and entrepreneur-
ial efforts to both reward top performers and model approaches
for the rest of campus;

leadership and incentive structures that recognize failures as
sometimes necessary steps towards breakthroughs so setbacks
are tolerated and even celebrated;

cultivation and support of entrepreneurial activities by faculty,
students, and research staff provided by campus-affiliated men-
tors and successful community entrepreneurs;

institutional embracing of outside perspectives to enhance
outputs and create communities to further encourage ideas,
innovators, and commercial success; and

* engagement with non-university partners to help commercialize
and realize the full potential and impact of university innovations.

Progress in these areas would encourage greater innovation on

campus and collaborative networks to more effectively transfer the

impact to broader communities through commercialization.
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terms of quantity of institutions, the United States truly has
no peer in the world, possessing hundreds of major research
universities nationwide.

The United States’ innovation system benefits enormously
from research universities for four reasons. First, universi-
ties conduct basic STEM research, arguably the bulk of the
nation’s pure scientific and technical research alongside
the federal research labs. Whereas the private sector con-
ducts much of the applied research in the United States,
universities engage in the basic research that is a necessary
precursor for that applied work. Federal government spend-
ing on R&D goes to private and public universities in every
part of the United States. In 2014, one reputable survey
found that 167 universities received at least $40 million per
year in federal research dollars (Baltimore’s Johns Hopkins
University, a private institution, received the most funding,
while the University of Michigan, a public one, received the
second most).33

Second, universities employ many thousands of scientists,
mathematicians, and engineers across the country (fac-
ulty, lab workers, etc.) while educating and training many
more students across a huge range of STEM disciplines.

This constitutes one of America’s great reservoirs of human
capital and, through the students and faculty who end up
transitioning to the private sector, a wellspring for the coun-
try’s innovation engine.

Third, university research itself drives commercial inven-
tion in the United States. “Tech transfer” is a term of art in
the nation’s universities, referring to the processes by which
pure research done in university labs is transferred into the
nation’s commercial bloodstream. Through university tech
transfer programs, university R&D is a tremendous force for
innovation. During the 1980s and 1990s, startups at universi-
ties created some $33.5 billion in market value.3*

While the tech transfer process would initially appear to
be a straightforward proposition, unfortunately it is any-
thing but. When compared with other countries, in general,
American universities encourage lab research to “escape”
into the nation’s commercial bloodstream at far faster
clips.?® But in absolute terms, some US universities are much
better at it than others. As discussed in the Special Section,
some of the nation’s universities have long-established
and well-deserved reputations for facilitating tech transfer,
including the University of Wisconsin-Madison, the University
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of Washington, and MIT. This history includes the stuff of
legend: in 1951, Stanford’s Fred Terman created the Stanford
Industrial Park on the campus in Palo Alto, attracting firms
such as Varian Associates and Hewlett-Packard, which
became critical pieces of the Silicon Valley story.3¢

Fourth, the importance of universities to local tech hubs
extends well beyond their deep pools of technical talent and
high-quality lab research. As stated throughout this report,
universities are often important to local tech hubs for purely
cultural reasons. Put bluntly, by concentrating large num-
bers of talented people of all ages and diverse backgrounds
in a single place, universities give hubs a vibrancy from
which invention and innovation can spring. This observa-
tion is true of all four of the case studies visited during the
Atlantic Council road trip. While the University of Colorado,
University of Texas-Austin, University of Wisconsin-Madison,
and Stanford/University of California-Berkeley (UC-Berkeley)
have slightly different effects on each tech hub, respec-
tively, all provide a dynamism that is at the core of the hubs’
successes. The same goes for the nation’s rich array of
federal research laboratories, spread across the country—in
Colorado, New Mexico, California, Tennessee, and many
other states.

Yet, despite the overwhelming evidence supporting
robust funding of universities and university research, the
United States risks not doing so. For years, public sup-
port at the federal and state levels has been in decline. A
2012 report by the National Academy of Sciences (NAS)
observed, among other things, that federal funding for
university research was in decline and that state funding
for higher education had been “eroding for more than two
decades,” even before the onset of The Great Recession
in 2008. Moreover, the report observed that the private
sector had “largely dismantled the large corporate research
laboratories that drove American industrial leadership in the
twentieth century,” such as Bell Labs.?”

Since NAS released its report, the research funding situ-
ation has gotten worse. After decades of increases, driven
largely by national security and public health priorities,
federal investment in university research declined by 13
percent between 2011 and 2015. State funding for university
research has held steady at around $3.8 billion per year, a
tiny figure when compared with the 2015 federal govern-
ment total of $37 billion.?® A recent Wall Street Journal story
shows that major public universities are now facing even
deeper budget cuts, as many states face budget shortfalls.?®
The problem with state funding, however, lies with state
governments’ overall fiscal support for public research uni-
versities, which remains dangerously low.4° Since the 1980s,
state governments have been cutting back on their support
for state universities, increasingly treating higher education

as a luxury that should be paid for by direct beneficiaries—
the students—rather than a core public good that is vital
to the future. In 2014, The Chronicle of Higher Education
reported that per-student state spending was at its lowest
level since 1980, reflecting a downward trend that shows
few signs of stopping.4

The current trajectory of federal R&D policies and spend-
ing, combined with flagging state support for higher
education and an ongoing deficit in STEM graduates, does
not portend well for the future. The United States, once
the world leader, now ranks twelfth in government-funded
R&D intensity (R&D spending as a percentage of GDP),
according to the Organisation for Economic Co-operation
and Development (OECD).#2 In contrast, the competition is
getting stiffer: China’s massive R&D and targeted industrial
policies in areas like robotics and artificial intelligence are
beginning to pay off in both the military and commercial
realms, as a recent New York Times analysis showed.*® If the
US innovation engine is not tuned up soon, it may be dis-
placed by China’s.

Human Capital
Acountry’s greatest resource is its people. Human capital
is the critical factor in innovation, as it is smart people

who have the skKills to turn ideas into commercial products
and services that give rise to the entire process. To a degree
that far overshadows its major competitors, the United
States’ comparative advantage is that it is a magnet for
foreign talent. Though foreign-born residents of the United
States represent only an eighth of the country’s popula-
tion, in STEM fields their numbers far outweigh this figure
(for instance, roughly half of STEM PhDs are foreign-born
residents).#4 Skilled immigrants have an outsized role in
America’s innovation machine, often becoming the entre-
preneurs behind new companies (one recent study says that
more than half the US tech startups valued at $1 billion or
more were created by foreign-born entrepreneurs) or filling
the highly skilled technical positions in companies across the
country.4s

To put this situation another way, the United States bene-
fits from the dynamism and creativity that skilled immigrants
bring with them while compensating for its own shortcom-
ings. In particular, the United States is unable to produce
enough of its own citizens with the requisite technical skills

A country’s greatest resource is
its people. Human capital is the
critical factor in innovation.
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to fuel the needs of the innovation engine.

Obviously, the long-term answer to the US STEM deficit is
a rethinking of US education and training. There needs to be
a renewed emphasis on training to align the US workforce
with the needs of the labor market for a century that will be
dominated by the knowledge economy. But that is a pro-
tracted process that will require a serious intellectual effort
involving deep philosophical and pedagogical questions. It
also will require collaboration among government, educators,
citizens, and the private sector.

The American skills deficit involves more than address-
ing shortfalls in the existing system of formal education,
defined as kindergarten through university. That system,
while beneficial to society in countless ways, also is designed
for a world of work that is increasingly dated. For one thing,
the pace of tech-driven economic change means that people
need lifetime training if they are to remain valuable members
of the workforce beyond their formal schooling years and
into middle and advanced ages. Intermediate skills train-
ing institutions, discussed below, should be prioritized. For
another, the emerging “sharing” or “gig” economy, character-
ized by part-time employment and independent contracting
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(as embodied by Uber and Lyft), requires a rethinking of the
very concept of what work is and the social policies that flow
from it.

The United States must maintain its attractiveness to
foreign-born skilled workers if it expects to stay ahead
of its global competition. According to a Deloitte survey
and other estimates, over the coming decade the US will
face a shortage of some two million highly skilled work-
ers.¢ Filling the job requirements for both tech startups
and the Googles and Apples of the national economy will
mean granting visas to highly skilled foreign-born STEM
graduates for the foreseeable future—there simply is no
other way to fill the demand. Much of the nation’s foreign
talent comes to the United States to attend university (yet
another reason to retain America’s advantage in higher
education). There are about one million foreign-born stu-
dents in the United States.#”

The US government issues a fixed number of H-1B visas
to private firms, who use them to hire highly skilled STEM
workers (there are also L-1 visas for intracompany trans-
fers). While the program has a formal cap of 85,000 people
per year (including 20,000 foreign graduates from US




universities), the demand for such visas vastly outstrips
supply, leading to the granting of many exceptions.® In 2013,
for example, the government issued 153,000 H-1B visas and
67,000 L-1visas.*®

Given the ongoing gap between the skilled tech worker
supply in the United States and the demand for such
workers, the H-1B visa program’s impact on the American
economy ought to be assessed. Analyses tend to endorse a
net positive, with some distributional consequences for spe-
cific categories of work but an overall boost to the national
economy. A Congressional Budget Office (CBO) analysis,
for example, found it had negligible impact on native-
born American workers, in no small part because the CBO
concluded that skilled immigrants’ inventiveness and entre-
preneurialism would lead to productivity advances across
the economy:.5°

A dilemma remains for the United States. Tens of thou-
sands of foreign-born STEM workers who attended US
universities end up returning to their home countries such as
China or India every year—where they will compete against
US firms. In so doing, the US suffers from a self-inflicted
wound to one of its core comparative advantages, namely its
global draw as a society of entrepreneurial immigrants. Some
obvious fixes, such as permitting foreign STEM graduates to
remain in the US, are under consideration. Yet, the H-1B visa
policy, whose very purpose is to fill the gap in highly skilled
US workers, is mistakenly caught in the larger debate over
immigration policy, with some in Congress seeking to pare
the program back.5' However, Senator Orrin Hatch, chair
of the Republican High-Tech Task Force, has introduced
legislation to expand H-1B visas and address flaws that allow
gaming of the system.52

The problem is that narrow policy debates involving high-
skilled immigration invariably are pulled into the country’s
larger, and politically explosive, debate about immigration
in general. This is an unfortunate reality, despite the gap
between supply and demand for high-tech workers (that
American citizens cannot fill at present) and the fact that
skilled workers represent only a fraction of all immigrants
coming into the US.53

American policy makers have to understand that pushing
skilled people away from the United States will benefit other
countries, friends and foes alike. For example, Canada has
taken notice. In 2013, Canada adopted a Startup Visa pro-
gram that offers permanent visas to entrepreneurs. “We’re
seeking to benefit from the dysfunctional American immigra-
tion system,” Canada’s Employment Minister Jason Kenney
boasted, stating flatly that his country saw opportunity in a
US system that turns away talented people.’* Other countries
can be expected to adopt similar policies.

ACCELERATED SKILLS
TRAINING FOR THE JOBS
OF THE FUTURE

sy APARAJITHA VADLAMANNATI,
POLICY ASSOCIATE, HACK REACTOR

rends show that to remain valuable members
of the workforce, people will need to stay in
the workforce longer, switch jobs more often,
adopt new technology faster, and maintain
a wide, intersecting array of knowledge. Traditional
college degrees are insufficient for a long, nonlinear
career path, which is where short vocational training
programs can help fill the gaps and create the flexible
workforce of tomorrow.

Educational institutions such as Hack Reactor, an
accelerated software engineering program, are reimag-
ining skills training for a rapidly changing economy.
Hack Reactor students come from many backgrounds.
Some have previous technical experience or computer
science degrees, a few have been unemployed or are
seeking to return to a career after a hiatus, and others
have previous experience in marketing, finance, prod-
uct management, and other areas. Over three months,
working six days a week from morning to evening, stu-
dents learn and apply in-demand JavaScript concepts.
Of our campuses with complete data, we have consis-
tently maintained over 90 percent job placement rates.
In our original San Francisco campus, we maintain a 98
percent placement rate and our graduates receive aver-
age annual salaries of over $100,000.

While this model of education is most popularly
focused on technical fields, it can be applied to other
vocations as it matures to develop a foundational
pedagogy. The core principle of most programs is to
teach a fluid, highly applicable curriculum responsive to
market needs and student demands while providing job
placement support.

Even though response to graduates has been mixed—
some companies still prefer college graduates with
theoretical knowledge for their most senior engineer-
ing roles—there is no doubt in the transformative power
of these programs to upskill workers. Accelerated
programs that remain loyal to student success with
responsible and forward-thinking oversight have
enormous potential to provide a viable alternative or
supplement to university education. As careers become
more flexible, so must the acquisition of educational

qualifications.
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HUMAN CAPITAL EXAMPLE
Rethinking Skills and Worker Training

ven the most enlightened immigration scheme for high-
E tech workers is at best a temporary palliative. Ultimately,
if the United States aspires to have both a strong national
economy and broadly shared prosperity, it will have to create
skills training systems that fit the twenty-first century’s work-
place conditions.

While the US innovation system is second to none in its
institutional features—world class research universities and
labs, an entrepreneurial culture, strong intellectual property
(IP) protection, and a well-developed venture capital indus-
try—the US education system continues to lag in fostering
STEM graduates. The US therefore faces an ongoing deficit
of highly skilled workers. As emphasized in the National
Academy of Sciences Gathering Storm reports cited previ-
ously, OECD statistics rank the US thirty-third out of thirty-six
advanced economies in its proportion of STEM graduates.s

To compete in the global knowledge economy, the United
States will have to revisit what it means to have a trained
workforce. There is bad news and good news here. The bad
has already been discussed—unfortunately, the US does not
produce enough skilled workers. But the good news is that
there are many pathways for filling the gap between demand
and supply.

These pathways include a host of intermediary institutions
that together work to upskill and reskill America’s workforce,
including people who want to become entrepreneurs as well
as tens of millions more who will continue to earn their living
the old-fashioned way, through paid labor. Some of these
institutions are decades old but are in need of some tweak-
ing, while others are much younger and are already at the
forefront of this battle.

ACCELERATORS AND INCUBATORS: One important new factor
that has exploded over the past decade is the rise of startup
accelerators and incubators. These models are businesses
that help entrepreneurs launch tech startups. In a sense
they are training institutions: they train people who might
otherwise be talented technicians (engineers, scientists, and
so forth) to become business owners. They enable fledg-
ling businesses (often just the entrepreneur him/herself) to

The United States will need to find
ways to ensure that the knowledge
economy is accessible to tens of
millions of everyday workers.
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co-locate in common office spaces; usually provide some
initial investment capital; offer mentorship, peer collabora-
tion, and networking opportunities with potential investors;
and help with marketing. Incubators tend to provide support
over longer periods and often are funded by one venture
capital group.¢

The accelerator model provides an apt example of
how these institutions train entrepreneurs. According to
lan Hathaway, a researcher who conducted a nationwide
study of these programs, an accelerator provides “a pro-
cess of intense, rapid, and immersive education aimed
at accelerating the life cycle of young innovative compa-
nies, compressing years’ worth of learning-by-doing into
just a few months.”®” In a highly selective process, applicants
submit business plans to the accelerator’s investors and, if
accepted, obtain space in a common work area with other
entrepreneurs for a set period of time, usually around three
months. Accelerators usually accept 10 percent or fewer of
applicants. Investors provide seed money (averaging about
$100,000), often in exchange for equity in the startup in
the 6-8 percent range. Program entrepreneurs are expected
to “graduate” at the end of their stay. Hathaway’s research
showed that from 2005 to 2015, 172 accelerators nationwide
funded about five thousand startup companies.s®

Two of the best known accelerators are Y Combinator,
based in Silicon Valley and Boston, and Techstars, which was
founded by Brad Feld in Boulder and now has more than a
dozen branches in the US and abroad.*® Incubators include
1776, based in Washington, DC (one of 1776’s staff penned a
guest contribution for this report, about Washington’s tech
scene), and Idealab, based in Pasadena, one of America’s
oldest tech incubators.s°

Over time, these models have evolved to the point where
the boundaries between accelerator, incubator, co-working
space, and other permutations of the same idea have
blurred. A whole series of organizations now cross the
lines between these categories. These include Galvanize, a
Denver-based company with nine locations nationwide that
both incubates startups and trains workers for the digital
economy, and 1871, a Chicago-based company that combines
high-quality co-working spaces, workshops, training, and a
range of other services.®

CODING BOOT CAMPS: So-called coding boot camps also have
become important intermediary institutions focused on
training and education for today’s digital economy. As their
name suggests, the boot camps, a new phenomenon since
2012, provide an intense, immersive training experience for
people who want to become software developers. They have
become one of the fastest growing post-secondary school
vocational training institutions in the country.6?2 As the world



Dev Bootcamp,

now runs on code, the rationale behind the coding boot
camp is to fill the gap between demand for skilled coders
and their undersupply. The boot camps take advantage of
universities producing too few computer science graduates
every year. Given the high salaries on offer around the coun-
try for skilled coders (ranging from the high five figures to
low six figures), boot camps offer a low investment in terms
of time and money, relative to getting a four-year degree,
to people of all ages. The term relative applies: boot camps
normally offer an intense, full-time, immersive program con-
sisting of very long workweeks.*

There are now hundreds of such camps nationwide, all
trying to take advantage of the market demand. Some of
these are well established, with deserving reputations for
placing their graduates in the private sector at high salary
levels. For example, San Francisco’s App Academy offers
a twelve-week immersive program that boasts high place-
ment rates and median salaries for their graduates. It also
is innovative in that it offers free tuition to its students until
they land jobs as coders (after which the company takes 18
percent of the students’ first year salaries).®4 Similar sto-
ries abound in this space (see the essay written by a staff
member of the Hack Reactor coding boot camp).

Boot camps have their limits, however, and there are a
couple caveats. While those interviewed for this report gen-
erally were very enthusiastic about the boot camp training
model, they suggested that there are limits. For one thing, if
the boot camps do their work well, at some point the supply
of coders will match the demand for them, and salary levels
will begin to reflect saturation levels. For another, while the
boot camp model can be replicated in other technical fields,
in some fields there will never be a substitute for lengthy, in-
depth education that only universities can provide. One boot
camp executive said there simply is no way to teach people
advanced physics or chemistry over compressed timeframes.

COMMUNITY COLLEGES: One important point to make—and
one to reinforce over and again—is that the United States will
need to find ways to ensure that the knowledge economy is
accessible to tens of millions of everyday workers. While the
knowledge economy is about startups and coding, it also
includes manufacturing and building and many other things.
Hence, it will require highly skilled workers (and highly paid
ones) who can work with both their hands and minds in real-
world workspaces. Tomorrow’s factories, for example, might
require fewer people overall but those they do employ will
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need to possess advanced skills.

This arena is where the nation’s community colleges can—
and have begun to—step in to play a critical role. Community
colleges are like universities in that they are old institutions,
and also like universities their roles remain critical in the
digital age.

Vocational training at community colleges, specifically
apprenticeship programs, has great potential to bring more
people into the innovation machine. In the United States,
roughly 5 percent of students are in apprenticeship pro-
grams, most of whom are in the construction industry. In
Germany, which is universally regarded as one of the best
countries in the world in apprenticeship training, that number
is roughly 60 percent.®®* The German apprenticeship model,
also one of the oldest in the world, covers a wide array of
fields, from manufacturing and information technology (IT)
to banking. Its backbone is the notion of “dual training,”
which melds classroom education in vocational schools
(equivalent to community colleges in the United States)
and on-the-job training apprenticeships. This stems from a
decidedly different approach to education and training, and
reflects a much more collaborative relationship between the
education establishment, the private sector, industry, and
business/civic organizations.
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This observation is not an argument for the United States
to copy the German system, which even if desirable would be
difficult to pull off owing to the scale of the challenge. There
are important cultural differences between Germany and
the US that are not easily bridged, from a lack of focus on
STEM education to attitudes toward vocational training and
general education (the US pays a price for the vocation’s lack
of stature and, conversely, for its ethos that all people should
go to college).

Perhaps most importantly, building a German model in the
US would require a level of public-private sector collabora-
tion aimed at identifying trends in future skilled-employment
needs and then linking its educational system to that tra-
jectory. While such collaboration does not yet exist on the
German scale in the US, there has been an evolution in this
direction, evident in a renewed emphasis on apprenticeship
training at community colleges.

One well-known and very relevant example is the appren-
ticeship training offered at Central Piedmont Community
College (CPCC), located in Charlotte, North Carolina.

Dozens of German firms have settled in the Charlotte area,
including many industrial companies, creating a strong
demand for skilled industrial workers in this part of the
state. Recognizing this fact, CPCC has embarked upon
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German-style apprenticeship programs, with the goal of
marrying classroom work at CPCC with hands-on training
in advanced manufacturing at local German companies.
Among other programs, CPCC and IHK Karlsruhe, a German
chamber of commerce and industry, have been offering joint
certifications in advanced manufacturing occupations such
as CNC (Computer Numerical Control, which is the digital
technology that orders lathes to cut metal at high levels of
precision).sé

A recent analysis in the New York Times cited other
examples, including John Deere, which designed a training
curriculum and provided equipment to several community
colleges in order to help train technicians that the com-
pany could use in its dealer network (starting salaries for

technicians are $40,000). The Barack Obama administra-
tion created programs to rework apprenticeship in the US,
allocating $65 million to make apprentice training count

as academic credit in the nation’s community colleges. In
2017, the state of Colorado expects to begin a public-private
partnership that offers apprentice training, beginning in
high schools, in a variety of fields, including healthcare, IT,
financial services, and manufacturing.®”

Ideas and Intellectual Property

A nother fundamental component of any innovation
engine is the protection of inventions, creative works,

and other IP. The United States has a long and robust history

CLOSING THE SKILLS GAP THROUGH COMMUNITY COLLEGES

By JILL LUTZ, EXECUTIVE DIRECTOR, SKILLS INITIATIVE, CENTRAL PIEDMONT COMMUNITY COLLEGE

ommunity colleges provide

innovative, short-term training

that can meet employer needs

in technology-intensive fields
such as advanced manufacturing and infor-
mation technology. Closing the skills gap
in the years to come will rely on different
training and recruiting methods, given a
rapidly changing economy and a declining
workforce through aging. Training workers
on a short-term basis and then cultivat-
ing that talent through career pathways or
ladders via apprenticeship programs can
provide companies with strong retention
rates and a skilled workforce, with propri-
etary knowledge left intact.

For over twenty years, Charlotte’s Central
Piedmont Community College (CPCC) has
partnered with several advanced manufac-
turing companies through Apprenticeship
2000, which trains local high school
students for in-demand occupations in
their facilities. This employer consortium
advocates for registered apprenticeship
across North Carolina, and has coun-
seled parents, students, educators, and
advanced manufacturing companies about
the value of apprenticeship programs and
work in the skilled trades. In 2012, CPCC

expanded upon this partnership by launch-
ing Apprenticeship Charlotte, which also
advocates for and promotes apprentice-
ship as an option for local employers in any
industry struggling to identify skilled talent
through traditional pathways.

CPCC has found that most companies
want a customized approach that appeals
to their unique needs and encompasses
various populations including veterans,
people changing careers, and under- and
unemployed individuals. With a diverse
student body, CPCC has experienced great
success with apprenticeship in advanced
manufacturing and transportation indus-
tries. Both Apprenticeship 2000 and
Apprenticeship Charlotte programs have
retention rates of over 80 percent. From a
national perspective, the US Department
of Labor states that upon completing an
apprenticeship program, 91 percent of
trainees are employed nine months later.

Employers in these industries know that a
two-year degree or shorter-term diplomas
and certificates from a community college
can meet their staffing needs. Community
colleges can also train individuals for
positions in other industries, such as infor-
mation technology and health care. For

example, a 2016 U.S. News & World Report
article ranked web developers as a top IT
job, citing 27 percent job growth through
2024 and a median salary of over $63,000.
In terms of training, experts stated that
experience and certificates—rather than a
bachelor’s degree—are weighted heavily in
most hiring decisions.%®

The industries of the future will require a
skilled workforce. Through robust appren-
ticeship programs, community colleges
can fill a critical need. Through training and
retraining people, the apprenticeship model
upskills workers at all stages of life. In so
doing, more people can participate in the
knowledge economy, benefiting them-

selves, their communities, and ultimately
the United States.
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of IP protection, dating back to the country’s founding. The
framers properly recognized that the production of knowl-
edge needs to be incentivized through a system that allows
inventors to reap commercial benefits from their creations,
at least for a time. Article 1, Section 8, of the US Constitution
specifies that Congress has the power “to promote the prog-
ress of science and useful arts, by securing for limited times
to authors and inventors the exclusive right to their respec-
tive writings and discoveries.”s?

The framers, therefore, set up a system that protects both
the private property right and interest in profit and the public
interest in knowledge production and dissemination. Private
actors would benefit financially from their inventions and
writings but only for a limited time, after which their inven-
tions were allowed to become public goods. The idea that
intellectual property was an extension of property rights was
further strengthened in subsequent legislation, including the
Patent Acts of 1790 and 1836.7°

In the United States, IP protection extends to patents,
copyrights, trade secrets, and trademarks. Patents are
exclusive property rights the government grants inventors in
exchange for public disclosure; the invention must be novel,
useful, and “nonobvious.”” Patents are the IP arena where
the most intense policy battles are fought, as patents cover
scientific and technical invention. However, there have been
battles over copyrights and trademarks as well, though
these involve artistic and creative content, such as logos.

The basic idea behind patent protection, as laid out in the
Constitution, has a straightforward and appealing logic to
it. But it turns out that it is difficult to balance the private
interest in patent protection with the public one. Finding the
optimal balance has proven challenging, both in the US and
around the world, and that tension has led to periodic bursts
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of debate about how to tune patent law.

Broadly speaking, there are two ends of the patent
protection spectrum. “Strong” systems have robust patent
enforcement at their centers, based on the thesis that doing
so gives firms and individuals the confidence that their
ideas—and profits—will be protected. “Weak” systems, with
looser patent enforcement mechanisms, are based on the
idea that firms and individuals will have greater incentive to
take more risks with IP, at least in part, because they have
less to fear from patent litigation.”? The reality of course is
more complex, and there are variants along the spectrum.
Nonetheless, both ends of this spectrum have their advo-
cates and critics.

The US patent protection system has been—and remains—
one of the strongest in the world. Since the country’s
inception, this system has been undergirded by a well-
developed body of patent law and a strong system of patent
review and approval. Although there has been a serious
debate about the US founders’ beliefs concerning patents,
there is a robust academic literature that supports the claim
that patents have been treated as a type of property right
in American jurisprudence from the first days of the nation
to the present.”® These scholars argue that the strength of
the US patent system was fundamental to the emergence
of the country as a technological and industrial power-
house. Some academic studies indicate a healthy correlation
between strong patent laws and national economic growth.
After examining cross-sectional data on the matter, Hoover
Institution Senior Fellow Stephen Haber concluded that
“there are no wealthy countries with weak patent rights, and
there are no poor countries with strong patent rights.””*

Patent holders in the United States have a twenty-year
right to exclude others from profiting from their inventions
(unless license is granted by the holder), in exchange for
public disclosure of their inventions.” The very strength of
this system has led to criticism in recent years.” One argu-
ment is that the US patent system is inefficient (it takes
too long to get a patent application approved) and that it
leads to too many patent infringement lawsuits. This reason-
ing asserts that the US system stifles innovation because
it creates intellectual “monopolies” instead of encouraging
competition, raises R&D costs, hinders private investment,
and hits small firms such as startups particularly hard
because they cannot afford the patent litigation costs.””
Other arguments assert decreasing patent quality, implying
the US patent system encourages firms to over-apply for
patents—for example, through a relaxation of standards.”
However, a number of empirical studies have rebutted this
list of arguments, including by countering the argument that
the framers of the Constitution thought that patents were a
form of monopoly.”
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There also is compelling empirical evidence that the
strong system in the United States continues to do its job
very well.2° In 2015, after analyzing data from nearly forty-
six thousand patent applications filed by US startups, the
US Patent and Trademark Office (USPTO) found that the
US patent system not only does not harm startups’ ability
to compete, it actually assists them. The USPTO concluded
that the approval of first patent grants for startups leads
to the firms’ subsequent growth (including more hiring),
increases their ability to attract investment (venture capital),
and improves the odds the firms will file more patents.8' A
2013 Brookings study concluded that the increasing number
of patents in the US has not led to reduced patent quality,
asserting in part that the increasing rate of patent filings has
actually lagged behind the increasing rate of R&D spending.82

The most contentious part of the debate about the US
patent system has revolved around patent litigation, specifi-
cally the role of so-called Non-Producing Entities (NPEs) or
Patent Assertion Entities (PAESs). The phrase “patent troll”
is often used to describe NPEs/PAEs and refers to how
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some NPEs have no purpose other than to identify and buy
underperforming patents (basically, patents that were filed
and subsequently ignored or forgotten), then turn around
and sue any firm that appears to have infringed on that
patent. The pejorative use of the word “troll” has the unfortu-
nate effect of slandering far too many actors. The NPE/PAE
category often includes universities and research institutions,
independent inventors and start-ups, and even some manu-
facturers. These actors are critical pieces in the larger tech
development ecosystem and have a legitimate interest in
protecting their IP.83

Over the past decade at least, critics have argued that
NPE/PAE litigation is a significant problem that hinders
innovation, raises tech development costs, and harms small
tech firms, including startups, that cannot hire the legal
teams necessary to deal with NPE/PAE-initiated suits. This
argument asserts that trolls occupy valuable court time
with unnecessary lawsuits, extracting value from firms that
have committed no real offense. One oft-cited survey of
NPE-initiated lawsuits, for example, found that over half (55
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percent) of all defendants in these suits were small compa-
nies with less than $10 million per year in revenues.8

But defenders of the patent system note that patent litiga-
tion has been a feature of the US system for a very long time,
and that litigation rates have only modestly increased if at
all. They therefore contend that the troll problem is greatly
exaggerated. For example, the 2011 America Invents Act
prohibited litigants to file lawsuits against multiple defen-
dants (instead of targeting three defendants in a lawsuit, for
example, three separate lawsuits would need to be filed).8®

Current patent reform efforts are focused on reigning in
litigation. A case before the US Supreme Court, TC Heartland
LLC v. Kraft Foods Group Brands LLC, involves the geo-
graphic limits of patent lawsuits. Senate Republican leaders
say that if the court’s decision is contrary to setting geo-
graphic limits, they will pursue legislation to limit venues of
patent legal actions.2®

Finally, it is important to again emphasize the role of
economic geography in knowledge production in the United
States. It should not come as a surprise that the nation’s
tech hubs generate the bulk of its IP. This relationship can be
traced through the geography of patent production.

In 2013, Richard Florida, of “creative class” fame, led a
study of patent production in the United States.®’” The data
that he and his partners examined led to two broad conclu-
sions.®® The first and least surprising was that the biggest
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tech hubs produce the most patents. Between 2001 and 2011,
the top twenty patent-producing hubs were responsible for
63.7 percent of the nation’s patent applications. California’s
Bay Area, also unsurprisingly, was first at 13.6 percent.

Their second finding, a bit more surprising, was that
smaller tech hubs produce a disproportionate number of
patents. After normalizing the data for local share of the
national economy, Florida and his team found that several
smaller hubs such as Boulder, Ann Arbor, and Rochester,
Minnesota (home to the Mayo Clinic) had among the high-
est patent production scores in the United States. In other
words, once one controls for city size, the smaller tech hubs
often are as productive as much larger hubs in IP produc-
tion. Boulder, for example, while small in relative size, has the
University of Colorado, numerous federal research labs in
the area, and a thriving startup scene, all based on a vibrant
local culture. Their finding thus reinforces the importance
of strong local research institutions—universities, research
labs, and medical research hospitals in particular—within
local innovation ecosystems. Florida’s research tracks with
the authors’ outreach in that smaller firms, particularly in
research-intensive areas like biotech and often those spun x
out of university laboratories, can and do make important :
contributions via breakthrough technologies. (The Special
Section provides an in-depth examination of Colorado’s
Front Range tech ecosystem.)
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hat, then, can be said about the state of America’s innovation
system? The most basic observation is that this system remains
the world’s most productive of its kind and that, while other coun-
tries are building their own versions, for now the US engine is
unrivaled. No one else possesses the culture, history, policy cli-
mate, and institutional strength and variety of the United States.

But as stated at the outset of this report, there is one gigantic caveat, namely that the US
pays too little attention to maintaining and strengthening its innovation system, the engine
that is metaphorically powering the US economy.

As the great baseball pitcher Satchel Paige once advised,
“Don’t look back, somebody may be gaining on you.” This is
a truism in the innovation sphere. If the US rests on its laurels,
it risks losing its edge to a host of competitors around the
world, not least of which is China. The nation’s leaders there-
fore should treat innovation in strategic terms, befitting its
importance for the US economy and its geopolitical position
in the world. This section provides a framework for keeping
America’s innovation edge. Its focus is on how its various
parts can function better individually and in unison.

Workers
T his report first focuses on workers because a national
economy will not function over the long run if the bulk of
its people, which is to say its wage earners and their depen-
dents, do not prosper from it. Policy makers at all levels need
to focus on the conditions that enable workers, including
both salaried and hourly workers, to prosper within a twenty-
first-century knowledge economy. Bringing more people into
the nation’s knowledge economy will do more than just make
the innovation engine bigger. Including people who too often
find themselves struggling to find a way in, including women,
minorities, and ordinary workers of all kinds, will be a force
multiplier for the entire US economy.

The proper question concerns how to bring more work-
ers into the nation’s innovation system. The answer has two
basic components, one focused on skills and the other on the
social safety net. The first centers on the skills that enable
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workers to compete in technology fields. When it comes to
America’s citizenry, too few people possess the right skKills
and education to qualify for high-paying jobs in tech fields.

The skills debate therefore rightly begins with furnishing
good primary-to-university education. While an assessment
of K-12 education is outside the scope of this report, higher
education is not. The federal and state governments need to
reverse the decades-long trend toward shifting the public-
university-funding burden from taxpayers in general to
students in particular. Given increasing global competition
in the knowledge economy, any strategy that asks ordinary
families to incur massive debt to educate their children is
absurd and counterproductive. Beyond this observation,
universities, philanthropists, and policy makers at all levels
need to find ways to incentivize STEM coursework (even for
students who are not enrolled in STEM fields) and ultimately
to produce more STEM graduates. This should also include
incentivizing STEM teachers (e.g., through loan write downs,
scholarships, and higher salaries).

At the same time, the debate should not be limited to uni-
versity education because formal education that ends at age
twenty-two or twenty-three is insufficient for today’s—and
tomorrow’s—economy. The rapid speed, high volatility, and
changing structure of the tech-driven knowledge economy
means constant retraining over a person’s working life.

One piece of the answer is discussed in the previous sec-
tion, which is to change the culture of “college or nothing.”
The debate about college education is misplaced, for even
university graduates invariably will have to upskill and retrain



later in life. While upskilling can and often does mean more
formal degree-granting education (graduate school), for
many workers a two- or three-year graduate program is a
non-starter personally and financially.

For decades, the US government has run a program called
Trade Adjustment Assistance (TAA), which assists workers
who can show that foreign trade has left them unemployed.
Although the intent is sound (to retrain workers for new
careers and put them back into the workforce), in practi-
cal terms TAA has not proven to be up to the challenge of
reskilling millions of people who have found themselves
on the wrong side of trade. For one thing, workers must
prove, causally, that trade harmed them—a difficult task. For
another, the TAA budget has always been far too small—and
has been declining in recent years—and can assist only a
fraction of all workers in need.®®

But the basic idea behind TAA is worth revisiting and
updating for this century. One authoritative 2015 study
found that 88 percent of jobs lost since 2000 were caused
by technology, automation, and productivity gains.®° If, as
the authors of this report and many others argue, techno-
logical disruption is the long-term challenge for America’s
workforce, then it makes sense to rethink the entire concept
of the TAA to adapt to tech-driven instead of trade-driven
job adjustment. Perhaps called the Technology Adjustment
Strategy (TAS), the idea would be to build a public-private
collaboration focused on lifetime skills training in anticipa-
tion of tech-driven disruption. The TAS would marry public
funding or incentives with on-the-ground participation from
both public and private skills training institutions. It would
place intermediary institutions that are designed to upskill
the workforce with technologically oriented training at its
center. These would include the aforementioned community
colleges and coding boot camps, but also institutions that
are geared toward training minorities, women, the economi-
cally disadvantaged, and displaced mid-career workers.
Code 2040, for instance, is a San Francisco-based nonprofit
that builds training and other programming around African
American and Latino tech talent.®

Although a national effort, the TAS could be augmented
by state, county, and city policies (for example, state tax
credits or vacant office space) to further deepen the talent

DIVERSE WORKFORCES
FOR HIGH-TECH SUCCESS

sy SANJAY MATHUR (CEO)

AND JULIE STEELE
(COMMUNICATIONS DIRECTOR),
SILICON VALLEY DATA SCIENCE

he most evident benefit of a diverse work-
force is that your team includes a multitude
of views and experiences, making their
collaborative creativity and problem-solv-
ing skills more robust. Just as you would not want
a football team entirely made up of halfbacks, you
do not want employees with only one set of skills or
viewpoints.

When designing new products, the ability to see
through the eyes of potential customers is crucial.
Contrast a product line like Oxo Good Grips kitchen
tools, which was originally designed for those with
arthritis but has become universally popular, with a
product like BIC for Her pens, which attempted to
appeal to women but became an infamous internet
laughingstock. The critical difference between the
two is the ability to connect rather than to pander.

A diverse team can make those connections much
more effectively.

Even outside of product development, creativity
and market understanding are the keys to success. In
our line of work, we access and analyze large data-
sets to help our clients create new value from their
information. In an increasingly digitized and inter-
connected world, where imperfect data are regularly
used to make and support decision-making, diverse
teams with the ability to look at a problem through
multiple lenses have a huge advantage.

Multiple studies®? have shown that diverse teams
generally improve productivity. When you consider
the importance in all kinds of industries of avoiding
groupthink, engaging in creative problem-solving,
and avoiding miscommunication with customers, it is
not hard to see why. In short: hiring a diverse work-
force is not only the right thing to do for an inclusive
society, but it is also the right thing to do for your
business.
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pool in local tech hubs. The federal government might heed
the advice of Microsoft founder Bill Gates, who recently
endorsed the idea of a robot tax to pay for the retraining
of workers whose jobs are being eliminated by robots and
artificial intelligence.®3

The second worker-based component relates to the social
safety net—health care, unemployment, and retirement
systems, among others. As with reforming America’s K-12
system, an in-depth discussion of reforming its safety net is
outside the scope of this report. But the question, at least, is
worth asking: With the gig economy upon us, are postwar
systems that are based on lifetime employment still the
best ones?

Those interviewed for this report did not believe so. At
a Silicon Valley roundtable, much discussion centered on
how European and Canadian systems such as universal and
portable health care make it easier for startups to succeed.
The premise was that in those countries there is no need
for an entrepreneur to worry about how to provide health
care when trying to get a young startup off the ground.
Many interviewees also expressed concern that in the future
people will be left on the outside looking in, no matter what
skills training countermeasures are employed. They there-
fore put the notion of a guaranteed annual income, an idea
decades old (and one endorsed by Richard Nixon during
his presidency), squarely on the table.** The idea of wage
insurance to compensate displaced workers is also a related
idea that many think has merit as one component of a social
safety net (or call it TAS global competitiveness) package.

Pulling on a narrow range of policy
levers ... is not a magic solution.
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Entrepreneurs and Startups

ntrepreneurs seek out supportive environments in which
E to create startups, which is why they cluster in specific
places. In the technology arena, startup activity happens in
these places for a reason. Tech entrepreneurs benefit from
finding the conditions that enable them to put their talents
and creative thinking into motion.

In general terms, talented entrepreneurs are globally
mobile individuals who seek out places to live and work
based on a mix of considerations. These considerations
include (in no particular order):

* the vibrancy of local culture;

* a high quality of life, including good social and physical
infrastructure;

* a high concentration of talent (including like-minded entre-
preneurs and skilled technical talent);

* the presence of at least one scientific or technical research
institution;

« the availability of intermediary institutions such as accel-
erators, incubators, and co-working spaces; and

* access to seed capital (including public-sector grants plus
private-sector angel investors and venture capital).

From this list, one can easily see how larger and more

well established hubs have a built-in advantage, and why

places that are just beginning to build reputations as tech

hubs struggle to do so. Pulling on a narrow range of policy

levers—for example, a singular focus on state or local tax

levels—is not a magic solution. Those interviewed for this

report consistently placed state and local tax levels at the

bottom of their priority lists when it came to locational deci-

sions. Austin might benefit from having no state tax in Texas,

and entrepreneurs interviewed in the city usually labeled

this situation as “nice,” but at the same time they made it

clear that they were in Austin for other reasons. (Austin is

reviewed at length in the Special Section.)

For policy makers at all levels of government (and in public
institutions such as public research universities), supporting
entrepreneurs therefore means paying attention to the con-
ditions that will build an entrepreneurial community.

Access to capital is one of the consistent challenges facing
tech entrepreneurs. The “valley of death” refers to the period
during a startup’s life between when it receives its initial
funding and when it begins receiving revenues from sales
sufficient to cover costs and turn a profit. For many tech
startups, especially those that create novel technologies
transferred from a university or other research laboratory, the
distinctions are between the basic research, initial commer-
cialization, and scaling up to major production phases.

In the four tech hubs visited during the Atlantic Council
road trip (Austin, Madison, Boulder-Denver, and the Bay
Area), interviewed entrepreneurs were unanimous in their
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support for aggressive public funding of R&D at basic and
transitional stages. Federal grant programs such as SBIR/
STTR are regarded as effective instruments for funding
startups that are trying to develop promising technolo-

gies but have not yet reached full commercialization stage.
Achieving more balance in federal funding among the
sciences could also improve results—currently the life sci-
ences receive a disproportionate share of all federal research
funding. The President’s Council of Advisors on Science and
Technology (PCAST) recently made a similar recommenda-
tion, observing that as semiconductors are building blocks of
advanced manufacturing sectors, basic and pre-competitive
applied R&D on them should be a priority.®s Developing more
public-private partnerships that might leverage both federal
R&D funding as well as privately funded applied research,
perhaps incentivized by tax credits, could create additional
opportunities.

Public-sector support is most critical for those startups that
are attempting to commercialize novel, lab-based technolo-
gies that often have long gestation periods. It is least critical
for those startups that are attempting to build a variant of
mature technologies. A biotech-based startup that is attempt-
ing to commercialize groundbreaking lab research is a good
example of the former; a digital-economy startup that is
attempting to build a new app is a good example of the latter.

In smaller tech hubs in particular, access to capital is a very

FIGURE 3. Startup Financing Cycle

real structural problem that inhibits startup formation and
success. This is where state and local governments can step
in to encourage private capital to focus attention on start-
ups in smaller tech hubs. A 2005 law passed by the state

of Wisconsin, for example, concentrated on incentivizing
angel investors to fund in-state startups. As discussed in the
Special Section, entrepreneurs in Madison regard that law as
increasing local startups’ ability to find seed capital. Policy
makers should be wary of treading too heavily here, for at
some point capital markets have an important role to play in
identifying promising companies to support while allowing
other less promising ones to die.

Research Universities

s discussed previously, America’s research universities
A are one of the country’s greatest assets when it comes
to scientific and technological development. The previous
section spelled out several reasons why this is the case,
including conducting basic R&D, training large numbers of
STEM graduates, and providing much of the dynamism that
attracts entrepreneurs and others to local tech hubs. For
all of these reasons and many others having nothing to do
with technology development, public funding for America’s
public universities needs to increase. Through declining
funding, federal and state governments have been eroding
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this fundamentally important institution for decades.

When it comes to the university’s role in tech-based inno-
vation, no issue is greater than tech transfer. There are good
reasons why universities struggle to commercialize their
research. Part of the explanation rests on the basic distinc-
tion between pure and applied R&D—it simply is difficult to
translate pure research into commercially viable terms, even
under ideal circumstances.

But much of the rest of the explanation centers on two
culprits. One is academic culture, which values the develop-
ment of ideas through research—which, it must be pointed
out, is the basic purpose of research universities—and far less
the monetization of those ideas. As Terri Fiez, vice chancel-
lor for research and innovation at the University of Colorado
Boulder (CU-Boulder), argues “the inertia to maintain age-
old approaches is strong on most campuses, so the effort
to change the mindset must be strategic and comprehen-
sive.” She writes about how universities can change habits,
perspectives, and goals among faculty, research staff, and
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students. As a policy question, tech transfer is largely in
the hands of university administrators, because they are
the ones who build the culture and structures to facilitate
such transfer. Faculty tenure systems, to name just one such
structure, can be tweaked to encourage entrepreneurialism.
The second culprit involves similar challenges faced by
entrepreneurs in the private sector. Getting university research
into the commercial space involves thorny problems that
university faculty, staff, and students simply are not equipped
to deal with. These include the expected problems of finding
access to startup capital and a lack of training in business
practices, but also challenging legal issues such as IP rights
and patent protection. State and local governments, local
tech entrepreneurs and firms, and local investors (venture
capitalists, etc.) should work closely with university admin-
istrators to identify and employ a best practices template
for tech transfer licensing to learn from leading universities
in this space, including the University of Wisconsin-Madison,
the University of Washington, Stanford, and MIT. The




University of Wisconsin-Madison, for one, has a ninety-
year history of tech transfer through its Wisconsin Alumni
Research Foundation, discussed in the Special Section, that
has successfully and consistently shepherded faculty, staff,
and students through the IP/patent and startup spaces.

Cities and States

f this report stresses any single takeaway, it is that place

matters. State and local governments, institutions, and
leaders have great responsibility, for they create the condi-
tions on the ground that give rise to tech hubs. Absent smart
and creative state and local policies and practices, America’s
imbalanced geography of innovation will get worse. The
good news, however, is that this geography is not written
in stone, and it can change for the better. As Pittsburgh’s
experience demonstrates, it is entirely possible to bring local
industrial-era economies that have been written off as dead
into the knowledge economy. State and local leaders can pull
multiple types of levers to accomplish this feat.

For all the gee-whiz aspects of the tech-driven knowledge
economy, basic conditions still apply. People at every hub
visited during the Atlantic Council road trip spoke about the
critical importance of old-school factors to the success of
those hubs: effective and efficient transportation systems;
affordable housing; high-quality public amenities; good
schools; a clean environment. Many if not most of these fac-
tors are in the hands of city planners, and are core features
of any well-functioning city anyplace on Earth. These factors
are as important in Silicon Valley as they are anywhere else
(perhaps more so, considering the stakes for the Valley)
and they should not be assumed as a given. City and state
officials need to pay close attention to how these variables
shape perceptions of a place, and life within it.

A close relative of this observation concerns public infra-
structure. The road trip also revealed that cities and states,
in partnership with the federal government, should invest in
creative public infrastructure to maximize tech hubs’ global
competitiveness. Roads and bridges are one thing, and will
always be important, but infrastructure needs to be thought
of as much more. Discussions in Boulder/Denver and Austin
gave rise to an obvious force-multiplier infrastructure sug-
gestion: bullet trains linking Denver to Boulder and other
Front Range cities or Austin to San Antonio would almost
certainly create integrated metropolitan areas, spurring long-
term growth.

Another perfect example is provided by the city of
Chattanooga, Tennessee. Its public fiber-optic internet
system, known as “The Gig” for its gigabit-per-second speed,
was a form of creative infrastructure investment. As dis-
cussed in the Special Section, the city government’s decision

to build The Gig (with the help of a timely federal grant) has
paid off handsomely, vastly accelerating Chattanooga’s repu-
tation as an emerging tech hub and—not coincidentally—as a
cool place to live.%®

The Chattanooga example also points to how old-school
factors, including public infrastructure, interact with the
cultural dimension of tech hubs. Although the creative class
idea as originally advocated by Richard Florida is now a
couple decades old, the basic idea deserves ongoing rec-
ognition. State and city leaders alike ought to be under no
illusion that successful tech hubs can be built solely around
technicians and scientists, no matter how gifted they are. As
discussions during the Atlantic Council road trip revealed,
tech hubs are successful in large part because they are
where creative types—the creative class—also live and work.
Mixing scientific and technical talent with artists, foodies,

[Economic] geography is
not written in stone, and it can
change for the better.

musicians, students, dreamers, tinkerers, inventors, and just
plain offbeat personalities was a not-so-secret ingredient in
each hub’s success (Austin’s unofficial motto, embraced by
that city’s tech community, is “Keep Austin Weird”). Although
a recipe, not every dish is the same: state and city leaders
should burnish the unique qualities of their local cultures to
attract and build a creative class.

Finally, it is worth repeating that state governments do
influence a few critical policy areas. One significant recom-
mendation is to neither cut higher education funding nor
hamper state universities’ ability to conduct research and
commercialize it. Doing so is destructive to the institutional
cores of tech hubs. Rather, states should be looking for
ways to boost their universities, for example, through fund-
ing university-sponsored incubators and accelerators that
help get university lab research into the local commercial
bloodstream.

A cooperative, public-private logic should apply to other
state policies as well. In 2014, for example, Massachusetts
announced a Global Entrepreneur in Residence program,
which enabled foreign students already studying at state
universities to apply for university-sponsored visas after
graduation. This program applied to only those students who
wanted to become entrepreneurs in Massachusetts, thus
representing a mechanism to encourage skilled and techni-
cally minded entrepreneurs to stay in-state rather than return
home.®”
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SMALL BUSINESS
INNOVATION AND THE US
DEPARTMENT OF DEFENSE

By ANONYMOUS

he US Department of Defense (DOD) Small
Business Innovation Research (SBIR) pro-
gram increasingly constrains the application
and commercialization of innovative tech-
nologies. The intent of the SBIR program is to infuse
small business innovation into government programs.
However, the DOD implementation methodology limits
SBIR to very specific areas, often based on speculation
of the technologies’ benefits by the program’s topic
selection committees. A preferred method would be to
allow small businesses to propose innovations whose
benefits are unforeseen by the selection committees.

For example, small businesses have pioneered new
technologies that recover heat energy that would
otherwise be wasted, thus reducing fuel consumption
and extending the range of DOD ships and vehicles.
However, no SBIR topics include this need, so the SBIR
program does not encourage the development of
these technologies. Additionally, unlike the broad SBIR
topic areas that other government agencies use, topic
descriptions for this program are increasingly restricted
to facilitating the execution of existing acquisition
programs.

Finally, DOD provides funding for Phase 1 (for proof
of concept) and Phase 2 (to demonstrate commercial
viability), but not Phase 3 (commercialization). As a
result, DOD often misses opportunities to promote the
commercialization of technologies developed in the
first two SBIR phases.

In summary, DOD should undertake a comprehen-
sive review of SBIR implementation processes. SBIR
funding should be competitively awarded based on
the ultimate benefit of nhew technologies identified by
small businesses across a large number of broad DOD
topic areas. The current SBIR topic selection process
does not benefit from an awareness of all emerg-
ing innovations. Likewise, a transparent process that
advocates for commercializing SBIR Phase 3 programs
would encourage greater small business participation
and facilitate the application of innovative technolo-
gies. Thus, DOD would enhance greater innovation if it
allowed wider latitude in proposing SBIR Phase 1 topics
beyond primarily facilitating the execution of current

acquisition programs.
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Federal Government

his report opened with the assertion that America’s

innovation system results from neither garage tinkerers
working on their own nor the federal government directing
invention from above. Rather, innovation results from the
many pieces assessed in these pages. But at the same time,
the federal government also has a necessary, even vital, role
to play in innovation. Indeed, a positive role for the federal
government can be found in nearly every one of the other
pieces discussed above, ranging from worker training to
university research to smart infrastructural investment and a
wide swathe of other areas.

Indeed, there are a few things that only the federal govern-
ment can do, such as setting immigration policy, providing
for national defense through security-related R&D spending
(e.g., DARPA), and negotiating and enforcing international
IP agreements. Conversely, there are some things the federal
government should not do. That list includes providing
open-ended subsidies and creating technology funds in the
attempt to pick winning and losing companies. Similarly,
there are things the government should do but needs to
avoid making overly bureaucratic, such as grant-making
approval processes that are too slow to handle the speed at
which startups operate.

The following recommendations should be seen as
additions to the multifaceted dimensions of the federal gov-
ernment’s role, as described above.

CONVENING POWER: The president should assemble a
national commission of federal, state, and local government
officials, scientists, and engineers; university officials; and
representatives from civil society and the private sector

to identify gaps and vulnerabilities in the US innovation
system and recommend ways to reinvigorate US global
competitiveness.

RESEARCH AND DEVELOPMENT: An obvious recommendation
is to maintain and increase federal spending for basic R&D.
In an era of tight resources, this is an open-ended recom-
mendation, so a rule of thumb, recently suggested by PCAST,
would be to increase federal funding for basic R&D in rough
proportion to private sector reductions. This formula would
need to connect federal R&D more synthetically to pre-com-
petitive applied research.®®

But as with state funding and policy, the federal govern-
ment needs to keep finding ways to join forces with other
parts of the machine to fully leverage its investments. One
way would be to help universities create more robust
tech transfer capabilities. Another would be to incentivize
research institutions to collaborate under federal grants, for



example through National Institutes of Health grants. Still
another would be to direct funds to clusters of technologies
in priority areas of research.

The Obama administration built a strategy designed
around this insight, creating the National Network for
Manufacturing Innovation (NNMI), a public-private part-
nership that merges federal investment with those of the
private sector and academia. Seven institutes are included
under NNMI’s rubric, focusing on advanced manufacturing
technology in areas ranging from 3-D printing, advanced
photonics, and advanced composites to hybrid electronics.®®
Beyond NNMI, the Obama administration’s national effort
also emphasized the scaling of tech startups, and its Startup
America initiative included $1 billion in SBA loans to small
tech businesses, among other incentive-based policies.®®
Whether the new administration will build on, reform, and/or
and expand such efforts remains to be seen.

INTELLECTUAL PROPERTY: As discussed at length in the
previous section, debate over how to best strengthen IP

is contentious. Given that the world is at a moment of
unprecedented technological transformation, maintaining
the benefits of the US patent system is an essential prior-
ity for keeping the entire innovation engine competitive. A

key imperative is to keep the patent system user-friendly to
innovators, particularly researchers at universities and private
labs, startups and fledgling firms trying to get beyond the
“valley of death,” and established firms that are interested in
defending their hard-earned IP.

Under the auspices of either the National Economic
Council or White House Office of Science and Technology
Policy, the president should assemble a standing inter-
agency committee to monitor the patent process, including
the role of litigation in the system, to advise on whether
the patent process is furthering innovation. The commission
should include representatives from federal agencies and
offices (e.g., the USPTQO, the Federal Trade Commission, the
US Trade Representative, and the Commerce department) as
well as from law, academia, and the technology community
(with representation from large and small tech firms). Ideally,
all committee representatives would have a broad under-
standing of how the nation’s patent system interfaces with
other aspects of the country’s innovation engine. The com-
mittee would gather and weigh evidence about how the US
patent system is affecting that engine and how the system
compares to other patent systems around the world. The
committee would provide periodic reports to the president,
Congress, and the public.

FIGURE 4. Total R&D as Percent of Gross Domestic Product (GDP), Selected Countries
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AMERICA’
TECH HUBS

This Special Section takes an in-depth look at the four tech hubs
that Atlantic Council staff toured in 2016: California’s Bay Area

(the Silicon Valley, San Francisco, and Oakland mega-region);
Colorado’s Front Range (the Boulder-Denver corridor, specifically);
Madison, Wisconsin; and Austin, Texas. In addition, this section
includes a short piece on how Washington, DC, should be thought
of as a tech hub in addition to being the nation’s capital. Finally,
the section provides a short overview of other established US hubs,
including Seattle and Boston, as well as cities to keep one’s eye on
in the coming years.

39 California’s Bay Area: 50 Washington, DC: Not Your
Astride the World Grandfather’s Capital

42 Colorado’s Front Range: 51 A few other established
Rocky Mountain High tech hubs...

45 Madison, Wisconsin: 53 ... and some cities to keep
Applied Science an eye on.

47 Austin, Texas:
Keeping It Weird
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California’s Bay Area: Astride the World

alifornia’s Bay Area, a region that stretches
northward from Silicon Valley (San Jose, Palo
Alto, and environs) to San Francisco and
Oakland, is the world’s premier technology
hub. By almost every imaginable metric, the
Bay Area is ahead of every other hub in the world, often by
a large margin. The region, Bay Area interlocutors told us,
“is its own center of gravity” with “an ecosystem to dream
about.” There are few reasons to be concerned about the
region’s staying power in the foreseeable future, and indeed
there is no reason to believe that it will fall from first place
in the near term. Yet, over the longer run, the Bay Area will
face stiffer headwinds, some of its own making.
It is difficult to overstate the massive scale and dynamism
of the Bay Area’s tech-driven economy. The region’s 6.6 mil-
lion people generate some $577 billion in GDP, a figure that

Golden Gate
Bridge and
San Francisco
skyline

puts the Bay Area on a par with Sweden or Switzerland in
terms of economic output.’ Yet even that impressive figure
understates the Bay Area’s true importance. It hardly needs
to be said that Apple, Google, Facebook, Twitter, and other
Bay Area tech giants create products that disrupt the entire
global economy, in the process making these firms among
the most profitable in the world. The region’s economy is
highly diverse as well, home to Fortune 500 companies
across multiple economic sectors, including consumer
goods, energy, finance, and health care.’? Yet technology
remains the region’s economic engine, one that at the same
time is busily transforming the other sectors. Think of how
Tesla, Google, and Apple are attempting to rethink the
automobile—and upend the auto industry in the process—by
using Bay Area technologies that they helped develop.
These are a few of the reasons why the Bay Area
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(sometimes defined as just Silicon Valley) always ranks first
on national and global tech hub indices. For example, the
Compass consultancy firm ranked Silicon Valley first on its
Global Startup Ecosystem Ranking index, giving the region
first place on four of five metrics for 2015. The region, it
said, is “the poster child for the global startup ecosystem”
that “has about as much capital and exit volume as the rest
of the top 20 ecosystems combined.”? Indeed, the Bay
Area is as well known for its startup culture as it is for its
now-established tech giants. Compass claimed that Silicon
Valley has three times more startups per capita than Seattle
or Bangalore, giving it the highest “startup density” in the
world; the highest growth in venture capital (VC) invest-
ment, capturing 45 percent of the top twenty global hubs’
VC investment; and a labor market perfectly suited for
startup culture, including short hiring times for talented

The region’s cultural strengths
are fundamental to its sustained
success.

people and a workforce accustomed to moving from one
startup to another.'4

Other data support these claims. Silicon Valley startups
have much greater access to capital compared with startups
elsewhere. The consultancy firm PwC, for example, estimated
that during the third quarter of 2016, Silicon Valley startups
received $4.6 billion over 264 investment deals, compared
with $1.8 billion over 93 deals for New England (Boston) and
$1.4 billion over 112 deals for the New York metro area. This
investment disparity is consistent over time."s

What explains the Bay Area’s success? The question
itself has become a cliché, as countless people around the
world have sought to divine the region’s secret. Although
well known, the region’s history is an important part of the
explanation. Stanford University was a scientific and engi-
neering research center for decades before World War |l,
and it along with federal research labs in the area provided
the seeds for a dramatic postwar explosion. During the
1950s and 1960s, the region began to grow—an array of new
tech firms (including Fairchild Semiconductor and its many
spinoffs) joined with the university and Cold War-era fed-
eral defense and aerospace research institutions to create
what is now called “Silicon Valley” and place it, for the first
time, on the global technology map.® Structural causes
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were critical pieces of this story. The Bay Area, then as now,
boasted outstanding universities, including Stanford and
UC-Berkeley, and an array of big federal research facilities
including Lawrence Livermore National Labs (founded by
UC-Berkeley in 1952) and NASA’s Ames Research Center. It
was no accident that what became the world’s premier tech
hub was surrounded by well-funded and world-class scien-
tific research institutions.

But most analysts point first to cultural explanations when
trying to understand the Bay Area’s success, at least from
the 1960s onward. Silicon Valley’s proximity to San Francisco
and its counterculture meant that alternative thinking began
to creep into the Valley’s predominantly technical mindset.
The result was that collaboration, sharing, risk-taking, and
openness to new ideas embedded themselves deeply into
the Valley’s culture, occasionally driven by people immersed
in both California’s counterculture and in its tech scene. Over
decades, the Bay Area’s unique cultural milieu emerged, one
that is now legendary for its creativity, daring, inventiveness,
and an almost theological belief in technology’s emancipa-
tory power.’?

This culture is translated into business terms through
multiple pathways: individuals at competing compa-
nies share information regularly, guaranteeing the rapid
transmission of ideas throughout the ecosystem; firms
encourage their employees to take risks and spin off com-
panies; workers move easily from one company to another,
without retribution from previous employers; entrepre-
neurial failure is not regarded as a sin but as a source
of learning that will lead to success; and so on.'® Those
interviewed in the Bay Area repeated the point many times
over, that the region’s cultural strengths are fundamental to
its sustained success.

Given these advantages, does the Bay Area face any real
risks? The answer is that while it is highly unlikely that the
Bay Area’s tech-driven economy will implode, the region
does face the long-term risk that its dominant position will
decay as other hubs in the United States and around the
world rise. (Again, however, recall that a basic premise of
this report is that the knowledge economy is a positive-sum
game, wherein the benefits to a country from having mul-
tiple thriving tech hubs far outweigh the downsides.)

Most Bay Area observers, including those interviewed for
this report, point to two broad sets of challenges for the
region. The first involves strengthening, altering, or maintain-
ing key federal policies and practices, including research
funding, taxes, regulation, and immigration. Suffice it to say
that federal research funding and immigration policy were of
very high interest to this report’s interviewees. They agreed
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that while private investment—VC and angel funding, spe-
cifically—brings in billions annually to the Bay Area, it cannot
and should not substitute for public sector investment in
basic research. Only the public sector, they maintained, has
the means and desire to invest in science for long-run social
and economic return (this argument cropped up elsewhere,
most often and strongly in Madison). There was a similarly
unanimous opinion regarding federal immigration policy. The
Bay Area benefits perhaps more than any other tech hub
in the world from an ability to attract exceptional foreign
talent, especially technical talent. Considering immigration
fundamental to maintaining the region’s global edge, Bay
Area leaders such as Facebook’s Mark Zuckerberg have
been outspoken advocates of expanding the nation’s H-1B
visa cap.'®

The second category consists of the “traditional” chal-
lenges of housing, transportation, education, and quality of
life. The Bay Area is suffering on these fronts, most griev-
ously in transportation and housing. The region’s sprawling
dimensions and, for the most part, its automobile-dependent
transportation system cause long commutes and near-
constant congestion. Housing is an even more dire problem.
The region’s sustained tech boom has skyrocketed housing
prices, to the point where the three most expensive rental
areas in the country are in the Bay Area (San Francisco, San
Jose, and Cupertino; by comparison, Manhattan is fifth).
Housing is the major reason why the cost of living is 40-70
percent higher in the Bay Area compared with the rest of the
country, helping to drive low- and middle-income people to
the periphery or out of the region altogether.®
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In Austin, Boulder/Denver, and Madison, we also heard
about each of these traditional challenges, but they were
often viewed in positive rather than negative terms. For
the most part, residents of the other hubs were optimistic
that their challenges were fewer and the quality of life that
their regions offered was higher than in the Bay Area (but
transportation was a near-universal concern elsewhere).
Indeed, as interviewees consistently noted in each of the
hubs, including in California, the Bay Area’s success might
undercut its competitiveness, to the benefit of other regions.
The Bay Area fear is that talented people will seek refuge
in lower-stress regions offering a higher quality of life, and
that large firms that are headquartered in the Bay Area will
shift some operations to other hubs to take advantage of
cheaper talent and real estate (see the Austin case study for
an example).

Finally, a mention should be made of the hubris that one
encounters in the Bay Area. Many in the region’s tech sector
believe, not without some justification, that they stand
astride the world. Their view, which they freely state, is that
technological disruption creates a more perfect world; less
often stated is their underlying belief in technology’s inher-
ent benevolence. And why would they not believe this?
Their work places them at the pinnacle of the global eco-
nomic order, in possession of almost unfathomable riches.

One consequence, howevet, is a general lack of appre-
ciation for the profound socioeconomic transformations,
especially the negative aspects of those transformations,
that Bay Area technologies have unleashed over the past
few decades. To be fair, there is a heightened awareness
within the Bay Area’s tech sector that it is a force behind
that region’s inequality. This awareness is more pronounced
among people who live and work in the historic cities of San
Francisco and Oakland, which have been having searing
debates about gentrification and wages.

Regarding the national level, however, it is fair to say there
is less concern about the relationship between technological
disruption and America’s highly uneven economic geog-
raphy. In Silicon Valley in particular, one infrequently hears
about the downsides of disruption, that it has a negative
dimension as well as a positive one. When disrupted firms
and even entire sectors collapse and die, specific workers
concentrated in specific places on the map of the United
States are often left far behind. The Bay Area’s technologies
disrupt the US economy, very often leading to higher pro-
ductivity and greater aggregate wealth in the process. But
few in the region seem willing to wrestle with the dimmer
distributional consequences that can and do occur as a
result, often in places far away from California.
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Colorado’s Front Range:

here is a remarkable story in how a 1960s

hippie haven evolved into perhaps the dens-

est (per capita) startup community in the

United States—and with no small amount of

serendipity. A modest-size town of one hun-
dred thousand, Boulder—laced with cozy coffee shops and
seemingly endless craft beers—feels like a cross between
the laid-back atmosphere in Berkeley and the high energy
of Palo Alto in the 1980s. An attractive outdoor lifestyle, a
concentration of highly educated STEM graduates in tech-
related industries, a “pay-it-forward” culture of inclusiveness,
and an accumulation of entrepreneurs and seed venture
capitalists are all elements that have catalyzed Boulder’s
status as a startup hub.

Boulder is now part of a dynamic, larger Boulder-
Denver-Ft. Collins Front Range corridor where Google,
IBM, Facebook, Amazon, Twitter, and other major firms feel
compelled to have a presence along with several hundred
startups. The region’s dynamism helps explain why the US
patent office opened a regional bureau in Denver.

A series of fortuitous decisions dating back to the 1870s
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Rocky Mountain High

and a dollop of luck help explain Boulder’s success—and its
challenges. Shortly after Boulder was founded as a city, the
city fathers bought surrounding land to keep the area beau-
tiful, persuaded the state legislature to place Colorado’s first
public university there, and donated land and funds to build
the campus.

The second phase of Boulder’s development was aided
by the Cold War, when President Harry Truman decided
in 1949 to disperse major government institutions outside
Washington. The city fathers bought 211 acres of land, and
outbid eleven other cities for what is now the National
Institute of Standards and Technology.

This was followed by the federal government locating
the Rocky Flats nuclear weapons manufacturing complex
in the Boulder area. Boulder later became the site of the
National Center for Atmospheric Research, and more than
a dozen other federal agencies, including the National
Oceanic and Atmospheric Administration. The National
Renewable Energy Laboratory (NREL), with 2,300 federal
employees and an over $700 million impact on Colorado,
is also located there.™ This has helped make the region a
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center for alternative energy research and a hub for clean
tech. There are twenty-nine federal labs in Colorado includ-
ing those around Boulder that—combined with CU-Boulder,
a major research university (its biotech program spawned
the company Amgen)—provide one ingredient for tech suc-
cess: an economic talent cluster filled with a creative class
of highly educated scientists, engineers, technicians, and
entrepreneurs.

Along the way, the city took steps to preserve its green,
open spaces in the shadow of the Rockies’ lifestyle attrac-
tiveness. First, it limited the height of buildings on the
surrounding mountains. This was followed in 1967 by a sales
tax on purchases of open spaces around the city to prevent
development. Boulder now owns ninety-seven thousand

acres of green space surrounding the city. It also limited new

housing starts to 2 percent a year.

“After eight days in Boulder, | felt
like | had as many friends as | did
in eight years in Palo Alto.”

In the 1960s, in another incidental development, IBM
located its tape storage division in Boulder. Dissident
engineers left and created StorageTek, whose bankruptcy
spawned a host of other data storage startups. The uncon-
ventional, creative types drawn to Boulder’s rustic, outdoor
lifestyle generated natural foods firms, such as Celestial
Seasonings, one of the best known."?

By the 1990s, the Boulder area had become a leading
region for data services, software, biotech, clean tech, and
natural foods, facilitated by a small group of venture capi-
talists and an inclusive culture. Then, in the mid-1990s, as
the internet economy began to take off, all of Boulder’s
attributes and bucolic charm led it to become a magnet for
startups. This was catalyzed by accelerators like Galvanize,
and in no small measure by Brad Feld, a venture capitalist
who moved from Boston and launched a spate of internet
companies."®

After the 2000-2001 dot-com collapse, Feld launched
Techstars in 2007, an early accelerator that has since funded
nearly six hundred businesses and spun off a dozen affili-
ates in the US and abroad. Techstars, typical of accelerators,
offers those entrepreneurs whose applications it accepts
$100,000 in funding for 6 percent of equity, three months
of free office space, and, perhaps most valuably, a network
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of dozens of mentors, Techstars alumni, and potential angel
investors.™ Along with Galvanize and other such enter-
prises, Techstars helped generate the dynamism in the
Boulder tech ecosystem.

While Boulder has some of the common features of
other startup hubs—a research university, a concentration
of highly educated people, and a strong sense of commu-
nity—how all the moving parts interact is distinct. One of its
intangibles is a flat (anti-hierarchic) “pay-it-forward” inclu-
sive ethos that is welcoming to outsiders. One recent tech
émigré said, “People are happy to meet you and instantly
help you. After eight days in Boulder, | felt like | had as many
friends as | did in eight years in Palo Alto.”

CU-Boulder, however, though a major research univer-
sity with more than $300 million in R&D grants, has been
tangential to Boulder’s startup ecosystem, beyond feeding
in talent. CU-Boulder’s numerous institutes might be linked
to federal labs and statewide efforts to promote commer-
cialization like the Innovation Center of the Rockies, but
the university’s institutes have not enjoyed a reputation for
driving tech transfer into the local innovation ecosystem.
This is beginning to change. CU-Boulder now hosts weekly
tech meet and greets and its STEM and business graduates
not only feed the Boulder talent pool, but increasingly are
attracted to CU-Boulder because of it. There is an aware-
ness of the deficit and the Atlantic Council’s discussions in
Boulder point to efforts afoot both to bolster ties with the
tech startup community and to better move its R&D onto a
path of commercialization.

NREL is another distinct element of the Boulder-Front
Range innovation ecosystem. It is the only national lab that
does applied (as well as basic) R&D and focuses on com-
mercializing it. NREL is reflective of a somewhat separate
subculture of a particular type of tech startup, and of the
region, as a clean-tech hub. NREL’s commercialization
efforts, both direct and indirect, are embodied in a number
of programs. NREL’s Commercialization Assistance Program
(NCAP), for example, offers firms with fewer than five
hundred employees forty free hours of NREL researcher
time to overcome technical problems for renewable energy
or energy efficiency technologies. One wind entrepreneur
cited NREL test facilities’ help with certification, and said
the advantage of NREL’s facilities are one reason clean-tech
startups locate in the area.

NREL also has numerous innovation programs. Its
Lab-Corps program helps entrepreneurs commercialize
technology created in national labs. NREL’s Wells Fargo
Innovation Incubator program supports early stage com-
mercial tech startup companies through technology
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development, validation, and pilot opportunities. It also has
R&D partnerships with several Colorado universities aiming
to facilitate tech clusters."®

NREL does not do sole commercialization, but engages
in its own entrepreneurial activities through technology
transfer partnerships—currently 696 of them. These part-
nerships with small and large businesses, federal entities,
and nongovernmental organizations contract for technical
services and/or commercializing NREL-created technology
in exchange for royalties or in some cases equity shares,
depending on whose role is dominant in the patent or the
licensed technology (with royalties going to NCAP or other
NREL innovation activities).

For a variety of reasons, however, some self-imposed and
some structural, Boulder is unlikely to be more than a micro-
cosm of Silicon Valley. Boulder’'s commitment to lifestyle,
open spaces, and building restrictions are already beginning
to show signs of strain. Real estate prices, though nowhere
close to the average home in Palo Alto ($2.48 million) or
San Francisco are edging upwards, with the average home
costing over $729,000."¢ This is expanding the number of
techies that commute from Denver or surrounding suburbs
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and fostering debates in Boulder about housing limits and
building heights.

Limits of physical space and of access to venture capital
are creating something of a symbiotic relationship between
Boulder and Denver. When startups get much beyond two
hundred employees, they tend to move to or open offices
in Denver. Access to venture capital beyond Series A level
($1-$10 million), for which there are barely a dozen sources,
similarly makes it difficult to scale-up startups. Many sug-
gested that the presence of a $1 billion “brand” firm, like
Facebook or Twitter, might change the equation vis-a-vis
venture capital.

The likely keys to sustaining and enhancing the Boulder-
Front Range tech startup dynamism (and lifestyle
attractiveness) are the following: 1) better transport infra-
structure (e.g., fast rail that shortens commutes from Boulder
to Denver and surrounding areas) that would create more of
an integrated region and 2) more interaction if not synergy
between the universities, federal labs, and offices and the
various sub-ecosystems of distinct types of tech startups.
Such developments would make the whole greater than the
sum of its parts and position the region as a growth magnet.

University of
Colorado, Boulder
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Madison, Wisconsin: Applied Science

adison, Wisconsin, is best known for two
things: it is the state capital and it is home to
the flagship University of Wisconsin (UW)
campus." Unfortunately, it is not as well
known for its tech hub dynamism. The city has
a small but vibrant and growing community of tech startups,
a well-educated population (including a high concentration
of people with backgrounds in science and engineering),
and a deserved reputation as a beautiful place to live.
Madison is neither a major city nor a sleepy college
town. At 640,000 people in the metro area, Madison sits in
between these two extremes." The presence of the state
capital and the state’s biggest university, both founded in
the nineteenth century, have long given Madison institu-
tional and economic stability. Although the region has an
industrial history, traditionally that sector has been much
less important. Predictability rather than dynamism there-
fore characterized the city’s economy for much of its past.
The significance of UW to Madison’s tech ecosystem
dwarfs that of other universities studied in this report. No
other hub is as bound to the fortunes of a single institution
as Madison is to UW. The University of Wisconsin-Madison
counts as one of the world’s premier research institutions.
With a three-billion-dollar budget, forty thousand-plus
students, and more than two hundred research centers, UW
consistently ranks among the nation’s very best universities

for the quality of its research. UW does many areas of sci-
ence and engineering well, not just a few, all on a campus
that sits on a narrow isthmus between two lakes in the
middle of Madison. That concentration enables much cross-
pollinating of ideas.

For decades, UW has been in some way responsible for
Madison-area tech startups. In the late 1970s, for example,
two local firms, Epic Systems and Ultratec, were created
as proverbial basement startups by their founders, both of
whom were affiliated with the university at the time. Both
companies took decades to grow to scale. Now, both are
large employers in Madison. Epic Systems, a medical soft-
ware company, employs thousands on its unigue campus
outside of Madison, providing a major attraction for engi-
neering and biomedical talent from around the country."®

What separates UW from nearly all other universities in
the United States and around the world, however, is the
Wisconsin Alumni Research Foundation (WARF). WARF
is an independent 501(c)(3) organization, founded in 1925,
to protect intellectual property arising from UW research.
All faculty, students, and staff are required to disclose their
inventions to WARF, which takes the lead in guiding inven-
tions through patenting and licensing processes, paying the
costs of doing so, and fighting patent disputes when they
arise. Through this mechanism, WARF fulfills its mission to
ensure that UW research enters into the commercial blood-
stream and that IP owners are protected.

WARF manages an investment portfolio of $2.6 billion,
based on royalties it receives from patents and licenses. It
returns large annual grants to the university (nearly $100
million in 2016) to support everything from faculty recruit-
ment and retention to student aid to building and laboratory
construction. Recognized as the model technology-transfer
institution in the United States, WARF has played an impor-
tant role in federal IP policy. Among other things, WARF
leadership was instrumental in passing the 1980 Patent and
Trademark Law Amendments Act (the Bayh-Dole Act),
which gives universities the right to own and commercialize
IP stemming from federally funded research.®

WAREF has spurred scientific and technical research at UW
for over ninety years. But while UW has attracted outstand-
ing scientists and researchers, historically UW faculty have
been much more interested in pure research than in entre-
preneurialism. Even for a university as advanced in patenting
and licensing of research (WARF provides faculty, staff, and
student inventors 20 percent of all royalties from their inven-
tions), historically there was a general reluctance to embrace
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business culture and commercial innovation.

Recently, Madison’s story has evolved in an entrepreneur-
ial direction. Madison’s Chamber of Commerce estimates
that perhaps twenty-three thousand innovation-related
jobs have been created in Madison over the past decade,
across the biotech, information technology, business and
financial, and knowledge sectors.” The growth of firms like

Epic Systems has meant an influx of both talent and money.

The university, for its part, also has become more proac-
tive in driving change. UW operates University Research
Park, which hosts 126 tech firms and supports tech transfer
from university research labs into the private sector. UW
also now promotes an extensive set of activities focused
on innovation, including startup clinics, training and cer-
tificate programs, and networking forums. WARF and UW,
for example, now collaborate through WARF’s Discovery to
Product initiative that is designed to “move UW-Madison
technology and innovation to market.”?2 These activities
and platforms are intended to both de-risk the startup
process itself—the research park, to provide just one
example, provides high-quality infrastructure to startups—
and to further expose UW faculty, staff, and students to
entrepreneurialism.

More broadly, Madison is building a national reputation
for its attractive business climate. The high quality of life
that Madison offers, combined with its low cost and ease of
living (for instance, its short commutes), compares exceed-
ingly well with larger hubs. Madison’s small scale but high
density—the tech community is mostly concentrated in the
city—gives the ecosystem social cohesion, builds trust, and
enables people to earn reputations quickly.

These observations point to a bright future for Madison’s
tech ecosystem. The seeds for long-range success have
been planted, and the trend lines are moving in the right
direction. UW’s evolving culture of entrepreneurialism is
driven as much by students and the business community
within the university as by STEM faculty. Just as critically,
Madison now has private sector success stories that can be
shared nationally with potential investors and new talent.
Everyone in Madison hopes and expects that the virtuous
circle will continue.

But Madison’s continued success is not guaranteed, and
there are reasons for caution. One of the more worrisome
concerns is state politics. Over the past several years, the
relationship between the state legislature and governor on
the one hand and Madison on the other has deteriorated,
in turn affecting UW’s budget for the worse. While there
are multiple explanations for this situation, one of them is
straightforward. The state’s economy is characterized more
by stability, with traditional manufacturing and farming
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predominant, than by tech-driven entrepreneurialism. Most
of Wisconsin is characterized by numerous small communi-
ties, in contrast to Madison and Milwaukee, which are very
different in terms of demography and socioeconomics.
Within the state, Madison therefore fights the stereotype
that it is an elite bastion of intellectualism. UW has histori-
cally struggled to explain how it, and its tech-driven spinoff
economy in Madison, are beneficial for all of Wisconsin.

Another concern includes access to capital. Madison, like
many smaller tech hubs, has a limited pool of investment
capital upon which startup firms can draw. A 2005 state law
created the Wisconsin Angel Network, designed to encour-
age angel and venture capital investment. Its tax credits
have helped. So too have the activities of local venture
capital firms, such as HealthX Ventures, which identify, nur-
ture, and fund tech startups to take advantage of Madison’s
concentration of biotech talent.’?®

Madison, like other hubs around the United States, boasts
useful ventures that are at risk of not being funded. Some of
these have social utility that extend well beyond any com-
mercial value. Stratatech, a Madison biotech company, shows
how important it is to fund such ventures. Founded in 2000
by a UW professor and currently housed at the University
Research Park, Stratatech’s skin replacement technology is
a major burn treatment breakthrough. Federal government
support, via contracts with the Departments of Defense and
Health and Human Services, has been indispensable for the
company’s scientific research and its commercial growth.
So too has WARF, which holds several company patents.4
Although the cost of biotechnology research is going down,
breakthroughs like Stratatech’s require both time and money
to reach the commercialization stage.

The biotech startup example points to a distinction that
one often hears in Madison, between quality and quantity.
The “fail fast” idea, deeply embedded in Silicon Valley’s
culture, has not caught on in Madison. There is a greater
reluctance to give up on startups, and more of a willing-
ness within Madison to help entrepreneurs succeed. Part
of the explanation is cultural, a reflection of Midwestern
values about work, reward, and persistence. But part of it
revolves around a conviction that entrepreneurialism should
add up to something beyond commercial gain. Startups like
Stratatech, so this argument goes, may be fewer in number
but are worth having for their benefits to society.

Madison’s small scale but high
density ... gives the ecosystem social
cohesion, builds trust, and enables
people to earn reputations quickly.
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Austin, Texas: Keeping It Weird

ike Madison, Austin is a state capital and home to

a major public university, the University of Texas

at Austin (UT Austin). Unlike Madison, Austin

is a large city (two million people in the metro

area) with a diverse population and economy to
match.’?s But beyond UT Austin and the state capital, Austin
is famous for several other reasons. Its culture has become
the stuff of legend, and is at the core of Austin’s reputation
as a place that mixes the offbeat with the artistic to produce
a unique urban vibe.”?¢ Finally, Austin is one of America’s
fastest-growing tech hubs.

Austin can legitimately claim to be a major player in tech-
nology and innovation. The city has a well-established tech
ecosystem that is one of the most vibrant in the nation, par-
ticularly in software development and the app economy. The
facts on the ground reflect this status. While big technology
firms including Apple, Oracle, Google, and Dropbox, among
others, have opened or are planning to open campuses in
Austin, the city is better known for its startup culture. In

Night view of
Austin’s skyline

August 2016, the Kauffman Foundation, which produces a
national startup index, ranked Austin first in the nation for
startup activity (normalized by population).”?” In aggregate,
there are close to five thousand technology companies
of all sizes in the Austin area, and nearly fifty tech incuba-
tors, accelerators, and co-working spaces.?® One survey of
Austin-based startups found that in 2015, for the second
year in a row, the Austin startup community attracted
roughly $1 billion in investment capital. A few mature start-
ups made dramatic “exits,” led by HomeAway, the vacation
rental platform, which was sold to Seattle-based Expedia for
$3.9 billion.™®

All of this activity has produced a hot labor market in
Austin: although estimates vary, the tech sector is respon-
sible for some 12 percent of the city’s total employment,
with an average wage of nearly $104,000 per year.° Forbes
magazine estimated that over the decade beginning in
2004, tech sector jobs increased by 74 percent in the city.™
A shorthand statistic, commonly mentioned in conversation
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with Austin residents, is that about 150 people per day,
every day, move into the city. While not all of these new-
comers are drawn in by the rapidly growing tech sector, it is
a fair bet that a large percentage move in for this reason.

Any assessment of why Austin is a successful tech hub
has to begin with the city’s culture. Austin’s food, arts, and
music scenes, plus the energy that the university’s fifty thou-
sand-plus students bring to the city, are big reasons why
Austin is a tech hub in the first place. This milieu, encapsu-
lated in the tongue-in-cheek slogan “Keep Austin Weird,”
gives the city its reputation as a cool hipster place to live.
That reputation attracts talented people from all over the
country and, increasingly, the world. Austin’s global visibility
is burnished by its annual South by Southwest conference
(known by its acronym, SXSW), which began as a music
festival in 1987 and expanded from there to include film and,
eventually, technology. Part business, part show, SXSW has
become one of the most important events on the global
tech sector’s calendar, a fact validated in 2007, when a then
brand-new Twitter leveraged SXSW'’s platform to explode
into the mainstream.'2

Austin’s tech ecosystem is therefore a huge beneficiary
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Austin City Hall

of the city’s culture, though the tech community itself

has become part of the city’s vibe. To these cultural con-
siderations, Austin offers the benefits of a large city with
the affordability of a smaller one. Unlike the Bay Area or
Boulder, there are few geographic limitations constraining
Austin’s explosive growth, which means that housing costs
should remain low relative to Silicon Valley for the foresee-
able future. (One real consequence is that traffic congestion,
due to sprawl, has become a serious headache.) There is
also no state income tax.

Dell Computer Corporation and UT Austin are the largest
institutions in Austin’s tech scene. Dell, founded in 1984 by
a UT Austin freshman (Michael Dell), has been the biggest
tech firm in the city for decades. Dell’s presence gave the
city an early and sustained footing in the enterprise soft-
ware sector, and like UT Austin, Dell has provided the city
with a steady supply of skilled technical labor.’*®

UT Austin is one of the world’s largest universities, and
has a stellar academic reputation. In the technology arena,
the university can boast a healthy amount of research activ-
ity. Beyond its student body, which provides the city with
much of its energy and a portion of the local tech sector’s

SON/FLICKR

VE



talent, the university has several important programs and
centers focusing on innovation. The IC? Institute is a UT
Austin “think and do” tank, founded in 1977, that focuses on
collaboration among researchers, public officials, and entre-
preneurs to enable Austin’s tech ecosystem. IC? programs
include the Austin Technology Incubator, which advises local
startups.’®* UT Austin’s Cockrell School of Engineering has
an Innovation Center, led by Dr. Robert Metcalfe, founder

of the Ethernet. It focuses on commercializing UT Austin
research through startups as “vehicles of innovation.”3s

It offers advice and training to faculty and staff, provides
small startup grants, and hosts competitions, among other
activities.

But Austin’s happy story is beset by a few challenges.
One, mentioned frequently by those active in the city’s tech
scene, concerns both Dell and UT Austin. While Dell was
critical for putting Austin on the national and global tech
maps, it has not built a spinoff culture from which the rest
of Austin’s tech ecosystem benefits. Rather, Dell has built
a reputation for protecting its own assets and technolo-
gies rather than for encouraging its employees to start new
ventures in Austin.

In a similar vein, UT Austin does not spin out startups as
frequently as the University of Wisconsin and a select few
other universities. A major problem, heard over and again in
Austin, is that the university and the city’s startup commu-
nity really do not overlap. Although the university is trying
to change things, for a number of reasons, including culture
and institutional inertia, UT Austin has struggled to turn
faculty and lab research into commercial success. So, unlike
in Madison, much of the startup activity in Austin surrounds
proven technologies, especially in information technology
and the app economy. The university’s lab breakthroughs
figure little in Austin’s startup economy.™® UT Austin is there-
fore viewed as being most valuable for providing a skilled
workforce and for attracting talent to the city. Many hope
that the new Dell Medical School, which emphasizes the
positive and disruptive role of technology in medicine, will
help change this equation.

A second challenge involves whether Austin has the
means to enter the top rank of tech hubs. It is true that
Austin’s growth has been spectacular, and as the startup
rankings demonstrate, in some important respects Austin
already is at the forefront of the nation’s tech hubs. Yet
the omnipresent fear, articulated by members of the tech
community (and one heard in Madison and Boulder as well)
is that a ceiling exists for Austin. As with other inland tech
hubs, securing access to capital is a constant headache.
Although Austin startups enjoy greater access than their
counterparts in the other hubs visited in this study, firms
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in Silicon Valley—the recognized global leader—have far
greater access than those in Austin.”® Indeed, local tech
leaders fret that Silicon Valley will define Austin’s ceiling.
Austin, they fear, might not reach the top rank of tech hubs
because its most successful startups will be forced to relo-
cate headquarters to Silicon Valley. Investors, they argue, will
insist that successful startups be positioned in high tech’s
epicenter, which is the Bay Area. Conversely, while Silicon
Valley’s heavyweights such as Google and Apple will place
some functions in Austin to take advantage of the city’s

Can the city keep its offbeat
charm, rooted in its food, music,
and arts scenes, while getting rich
off of technology?

talent and lower costs, those companies also will retain
their most critical functions, including their headguarters, in
California rather than shift their entire operations to Austin.

Yet, regardless of whether Austin ever reaches the status
of Boston or Silicon Valley, tech-driven growth is set to con-
tinue for some time. The consequences of this growth create
a final challenge for Austin. As Austin’s tech sector has suc-
ceeded, the city in turn has become a more expensive place
to live. With that transformation has come a have-versus-
have-not divide, one that has begun to show up in the city’s
politics. In May 2016, Austin’s voters decided to regulate the
sharing economy, a decision that was interpreted as a swipe
against the Silicon Valley car-sharing firms Uber and Lyft,
both of which lobbied hard to prevent this outcome.’*® More
broadly, this “Prop 1” debate showed that not all Austin resi-
dents are happy with the rapid transformation that the tech
sector has brought with it.

A subset of this debate surrounds the “Keep Austin
Weird” dilemma: Can the city keep its offbeat charm, rooted
in its food, music, and arts scenes, while getting rich off of
technology? This fear has been part of Austin’s landscape
for a long time. Both sides have their arguments. The pes-
simists believe such an outcome is an inevitable by-product
of wealth, while the optimists say that the tech sector’s
growth will stimulate its offbeat culture. As tech comes in,
the optimists believe, the creative communities will prosper
rather than be driven out. Artists and musicians will find new
creative outlets (e.g., gaming, film, visual arts, and design)
for which they will be well paid.
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Washington, DC: Not Your Grandfather’s Capital

sy BRITTANY HEYD, MANAGING DIRECTOR & GENERAL COUNSEL, 1776

ashington, DC’s startup scene has

exploded over the past several years

and is 1776’s global headquarters for

good reason. As a global incubator

and venture fund fueling innovation
in startups, corporations, and governments, 1776 and its
community have benefitted from Washington’s nexus of
connections, its residents’ change-the-world attitude, and
the city’s global reputation. The high volume of educated
millennials, the city’s growing population and developing
neighborhoods, and access to customers and investors all
have contributed to this emerging technology center on
America’s East Coast, especially in the industries of cyberse-
curity, health, energy, and education.

Since 1776 was founded four years ago, Washington’s
startup ecosystem has grown rapidly. 1776’s latest /nnovation
That Matters report found that Washington, DC, has over
700 startups in the region with 224 recent exits, placing
the city sixth nationally. In a recent Financial Times report,
Washington performed among the top regions globally
for investment, posting a 26 percent increase in fundrais-
ing totals in 2016. In recent years, the Washington region

U.S. Capitol
Building
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has seen a number of high-profile initial public offerings,
including for Opower, Cvent, Evolent Health, ComScore,
Sourcefire, Microstrategy, 2U, Blackboard, and more. These
exits are important because they create company-building
knowledge locally and provide wealth to founders who
often reinvest it in the next generation of startups.

The Washington region also benefits from large firms that
attract young, energetic tech talent to the area, including
Uber, Palantir, WeddingWire, LivingSocial, and more. Many
of these people, armed with strong networks and experi-
ence, then go on to later start their own companies. This
cycle is a huge win for the region’s innovation ecosystem.
Additionally, with many corporations, associations, and
governments visiting on a regular basis or headquartered
in Washington, DC, startups have access to key decision
makers who can serve as customers or pilots for their prod-
ucts. Above all, Washington, DC, is home to entrepreneurs
who want to change the world for the better, who feel the
best time to do so is now, and who believe that startups can
be an alternative career path to government and nonprofits
for effecting that change.




TIFFANY VON ARMIN/FLICKR

SPECIAL SECTION
AMERICA’S TECH HUBS

A few other established tech hubs ...

By SAMUEL KLEIN, PROGRAM ASSISTANT, FORESIGHT, STRATEGY, AND RISKS INITIATIVE,
BRENT SCOWCROFT CENTER ON INTERNATIONAL SECURITY, ATLANTIC COUNCIL

n 2016, the Atlantic Council visited several tech hubs
around the United States, each of which is profiled in
this report. This section highlights a few other current
and emerging tech hubs around the country. The list is
by no means exhaustive and does not include success-
ful hubs such as Chicago, Los Angeles, and Phoenix, but
is illustrative of the breadth and scope of burgeoning tech
hubs across the nation that are the seeds of US innovation.
Boston is widely regarded as one of the most important
tech hubs in the United States and the world, second only to
California’s Bay Area. Boston features world-class research
universities, including Harvard, MIT, Boston University, and
Tufts. The city is best known for the life sciences, due to its
world-renowned medical schools and hospitals in addition
to its universities. Boston also features a highly desirable
urban lifestyle. General Electric recently moved its global
headquarters from Bridgeport, Connecticut, to Boston to
take advantage of a talent pool less interested in living in
the suburbs.’* The greater Boston area is one of a small
number of regions that attracts significant investment

Seattle

capital, and its leading universities are adept at tech transfer.
MIT recently launched a new fund and accelerator called
The Engine, which seeks to help startups pass through the
“valley of death”—the gap between a lab idea and a suc-
cessful commercial product.#°

Seattle is also one of the nation’s premier tech hubs. A
major reason is the presence of the established tech giants
Microsoft, Boeing, and Amazon. But more recently, Seattle
has established itself as a place for startups. Seattle is
known for its tight-knit community that fosters a culture of
collaboration—rather than competition—among its popu-
lation. A hot area is the commercial space industry. With
Boeing already an established name, other companies
looking to disrupt the satellite industry include Blue Origin
(founded by Amazon’s Jeff Bezos) and Vulcan Aerospace
(started by Microsoft co-founder Paul Allen)."' But against
this backdrop of success there is concern that Seattle could
face problems plaguing other tech hubs like Silicon Valley.
While quality of life remains high, cost of living has started
to become a problem.™? (In a move to combat this, Seattle
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recently became the first large city to adopt a $15 minimum
wage). However, the city is still known for its lively food,

art, and culture scenes, and favorable infrastructure like
public schools and transportation—all draws for a high-tech
workforce.

Raleigh, Durham, and Chapel Hill collectively make up a
major tech hub known as the Research Triangle Park (RTP)
in North Carolina. The region’s three major universities
(University of North Carolina, Duke University, and North
Carolina State University) are the main players behind RTP’s
establishment, growth, and prosperity. Their collaboration
successfully created a reputation for advanced research
and innovation that attracts investment and interest from
businesses and governments.™® Besides the co-location and
collaboration, the RTP cities also provide a lively environ-
ment for high-tech talent. The area boasts redeveloped
warehouses for affordable living, a vibrant arts and culture
scene, and outdoor amenities. Nor is the RTP sitting on its
success. A recent example is Raleigh’s Centennial Campus,
which offers amenities from research and lab facilities to
incubators and accelerators. Overall, these developments
make RTP not only “a place to live and work, but a place to
go."144

The Salt Lake City and Provo metropolitan areas boast
big research universities, skilled workforces, and an out-
doors lifestyle. Universities include the University of Utah,
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Utah State, and Brigham Young University. Situated along
the Rocky Mountains, Salt Lake City and Provo residents can
hike, camp, ski, and mountain bike. Culturally, an emphasis
on self-reliance and a tight-knit community enable startups
to gain a foothold.™® Utah’s university graduates often stay
in the state, contributing to growth and sustainability.'4¢
Several major tech firms have placed offices in the region,
including Adobe, eBay, and Netflix. Between 2013 and 2014,
venture capital spending increased 153 percent (from $316.2
million to $801 million), and in 2015, the state ranked elev-
enth in venture capital deployed.¥”

Pittsburgh is a Rust Belt city that has successfully rein-
vented itself. Other industrial cities across the United States,
such as Detroit, are hoping to emulate Pittsburgh’s lead.
The roots of tech innovation in the Steel City can be traced
to strong research universities, including the University of
Pittsburgh and Carnegie Mellon University (CMU). In par-
ticular, CMU has become a global leader in robotics, artificial
intelligence, and computer science. The city, too, has shed
its image of a “has-been” and is now seen as a “cool” place
to live.™® Talent is flowing in and new startups are emerging.
University faculty and graduates—and their ideas for start-
ups—are staying local to take advantage of a high quality
of life combined with a low cost of living. The future looks
bright: in 2015, Pittsburgh’s population grew for the first
time in decades.™®
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-..and some cities to keep an eye on.

he established tech hubs are not the only

important stories. Equally important are those

places around the United States that have the

potential to become high-growth tech hubs.

This section discusses a few such cities, and
does not include promising places like Winston-Salem or
Indianapolis.

Chattanooga, Tennessee’s high-tech story stems from
federal investments, which helped build a public fiber-optic
network that provides gigabit-speed internet services to this
Appalachian city.”®® Now, more recently known as Gig City,
Chattanooga has the fastest, least-expensive internet ser-
vices in the United States. The city’s fiber optic network has
attracted startups in need of such speed to Chattanooga,
and with it new talent and investment capital. New hous-
ing, office space, and restaurants are springing up in a
reinvigorated city center too.” Adding to the University of
Tennessee-Chattanooga’s research base and student body
(some ten thousand full- and part-time students), the US
Department of Energy’s Oak Ridge National Laboratory is
opening an office in Chattanooga’s innovation district.’s2
“We don’t need to be the next Silicon Valley,” Mayor Andy
Berke has said. “That’s not who we’re going to be, and we
shouldn’t try to be that. But we are making our own place in
the innovation economy.”'s?

Huntsville, Alabama, has a combination of research cen-
ters and STEM talent. Located near the Alabama-Tennessee
border, Huntsville is home to several federal research centers
focused on the military and aerospace industries.’™ One
example is the Marshall Space Flight Center, NASA’s larg-
est, which conducts rocketry and propulsion research. It is
no surprise that the United States’ largest rocket science
research center attracts a lot of rocket scientists: in 2014,
16.7 percent of workers in the metropolitan area held a job
in STEM, giving Huntsville the third most technical work-
force in the country.”s In turn, competition for this talent

has spurred increases in quality of living, as local businesses
look to improve and provide new amenities that cater to the
needs of young tech entrepreneurs.'s¢

Lincoln, Nebraska, is a promising hub that has gotten off
the ground with the help of organizations—such as Silicon
Prairie News, which covers startups in the area and orga-
nizes tech conventions—that help connect entrepreneurs
with investors.’” Add to the Midwestern mindset of neighbor
helping neighbor and hard work ethic, plus the University
of Nebraska’s talent pool, and you have the seeds of a tech
hub.’*® A low cost of living and high quality of life have also
contributed to its increasing success. The city has started to
see some redevelopment in its Haymarket area and ware-
house districts. The University of Nebraska and Lincoln are
turning old fairgrounds into an innovation campus.’™ One
unique startup is Hudl, which provides football players and
coaches with the ability to share, store, and review game
footage. It is the fastest growing company in Nebraska,
helped by the large football culture around the university.'6®

Boise, Idaho, is another promising small-city candidate.
With an eye toward urban living and high quality of life, the
city of Boise has been working to create a vibrant down-
town.’®" Affordability remains low, while outdoor amenities
are plentiful. Downtown Boise is now home to a cluster of
academic and private-sector firms in the technology space,
in turn allowing students to gain access to internships
and job training, while giving industry access to research
and talent. This symbiotic relationship has the potential to
launch Boise as a tech hub. In 2014, Boise State University
relocated its computer science department to downtown
Boise, a move that placed the department within walking
distance of Boise’s top technology firms.'®2 Boise is home
to Clearwater Analytics, a financial technology company,
and Micron Technology, which is one of the world’s top five
semiconductor manufacturing firms.'®* With the university,
both companies help attract a steady stream of talent and
capital and help other startups emerge in the city.s4

Boise Capital
Building
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