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U.S. TECHNOLOGY TRANSITION POLICIES AND
PROGRAMS
INTRODUCTION
TECHNOLOGY TRANSITION
The process of technology transition is an important topic in the United States and other
countries. Both governments and companies want to ensure that new technologies developed
through government-funded research and development (R&D) are turned into useful products,
services, and production processes.
One U.S. definition of the term “technology transition” comes from a Department of Defense
(DoD) document:
Technology transition is the use of technology in military systems to create effective
weapons and support systems—in the quantity and quality needed by the warfighter
to carry out assigned missions at the “best value” as measured by the
warfighter. Best value refers to increased performance as well as reduced cost for
developing, producing, acquiring, and operating systems throughout their life cycle.1
The important word in this definition is “use.” Technology transition is the process by which
organizations convert new technologies into useful applications – applications that are effective
and a good value. And a successful transition is the successful development, production, and
deployment of a useful product or service based on new technology. Therefore, the term
“technology transition” refers to both a desired outcome (a useful product or service) and a
process (the steps or actions that organizations take to convert new technologies into those
useful applications).2

1

Office of the Under Secretary of Defense (Acquisition, Technology, and Logistics), Manager’s Guide to Technology
Transition in an Evolutionary Acquisition Environment, January 31, 2003, page 1-1,
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwjK3f7KuZfvAhWYJzQIHf4aA
w4QFjAOegQIIBAD&url=https%3A%2F%2Fwww.acq.osd.mil%2Fdpap%2Fdocs%2Faq201s1v10complete.pdf&usg=A
OvVaw1t6nR24b5p9byWBI2NpBfI.
2
In the commercial world, the organizations that convert new technologies into useful products and services are
usually companies; we therefore speak about the commercialization of new technologies or the creation of new
innovations, and we can say that successful commercialization or innovation – the actual development,
production, and sale of products – is a type of successful technology transition. In the defense world, companies
are also important, but other actors also play valuable roles in technology transitions. In particular, DoD
laboratories help refine new technologies, work with defense companies, and help the military services install the
new products into weapons systems.
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This concept of technology transition is different from usual definitions of “technology
transfer.” Technology transfer refers to the process by which a new technology is made
available to a recipient – an organization that wants that technology and, we hope, will convert
the technology into useful applications. From this viewpoint, technology transfer is an
important first step in the overall technology transition process, but only a first step. The
organization receiving the transferred technology – a company or perhaps a DoD laboratory –
must then take the additional steps of developing the technology into useful products and
services and then producing and distributing those applications.
In the United States, the concept of technology transfer has itself changed over the years. In
the 1980s, many people saw technology transfer primarily as a legal process – the process by
which the organization that owned legal rights to a patented invention would provide a license
to an organization – usually a company – to use that invention. However, later analysts
understood that the successful transfer of a technology from an inventor to a recipient
organization involves more than just legal rights. A successful transfer also includes the transfer
of knowledge and understanding.
This second concept of technology transfer assumes that an important factor in the transition
process is communication between inventors and recipients. In general, the more that people
communicate and work together, then the more likely we will actually see successful transfers.
This concept leads policy-makers to ask which policies will encourage this communication and
cooperation and therefore will help a company or government laboratory to develop useful
applications.
One author describes these two different concepts of “technology transfer.”
The conventional conception of technology transfer is that it is a process through which
the results of basic and applied research are put into use by receptors. This viewpoint
implies that technology transfer is a one-way process, usually from university-connected
basic researchers to individuals in private companies who develop and commercialize a
technological innovation…. Most scholars realize that technology transfer is really a twoway exchange. Even when technology moves mainly in one direction, such as from a
university or a federal R&D lab to a private company, the two or more parties
participate in a series of communication exchanges as they seek to establish a mutual
understanding about the meaning of the technology. Problems flow from potential
users to researchers, and technological innovations flow to users, who ask many
questions about them. Thus technology transfer is usually a two-way, back-and-forth
process of communication.3

3

Everett M. Rogers, Diffusion of Technology (New York, Free Press, 2003), page 152. Quoted in National Research
Council, Accelerating Technology Transition: Bridging the Valley of Death for Materials and Processes in Defense
Systems (Washington, DC: National Academies Press, 2004), page 8.
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This second definition of “technology transfer” is important, because it identifies an important
step – communication – in the overall process of technology transition. But, again, we argue in
this report that after the transfer the organization that receives the technology must still take
the additional steps of product development, production, and deployment before the new
technology is fully converted into useful applications.
One other introductory point may be helpful. The discussion about which activities actually
transfer knowledge is part of a larger effort to understand how the overall U.S. innovation
process (in which technology transition is one part) actually works and which factors – including
business conditions and government policies – help or hinder that overall innovation process.
In the 1950s, 1960s, and into the 1970s, many U.S. analysts assumed that the process of
converting new discoveries and inventions from basic research into useful applications would
be more or less automatic. Universities and some government laboratories would conduct basic
research, and companies and other government labs would convert the results of that basic
research into products and services. This assumption was part of a theory sometimes called the
“linear model,” in which the process of innovation was seen as a straight and automatic line
from basic research to applied research and development (in companies or government
agencies) and then to the production and distribution of applications.
However, by the 1980s other analysts questioned whether the process of technology transition
was automatic. They examined the actual process of innovation, including, for example,
whether companies had the funding, business expertise, and other resources necessary to
successfully transition new technologies into products and services. Today, we ask what
resources entrepreneurs, established companies, and government labs need in order to
actually convert technologies into useful applications, and in some cases government officials
and policy analysts have created new programs to help the process. This report will examine
several of these new programs, and will examine how well they work. 4

THIS REPORT
In the United States, new federally-funded knowledge and technologies move to commercial
industry in several ways: (1) from universities to industry; (2) from government laboratories to

4

Some analysts also pointed out that not all innovations are based directly on new basic research. For example,
some innovations such as the iPhone or electric vehicles occur when companies combine existing technologies into
valuable new products or services. However, in this report we will focus on the technology transition portion of the
overall innovation system – that is, on the conversion of new discoveries and inventions from basic research or
prototype development into useful applications.
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industry; (3) from R&D teams funded by government technology agencies to industry; and,
more recently, (4) from university-industry-government laboratory institutes to industry.
This paper examines how well these four “transition pathways” work in the U.S., given the
particular nature of U.S. R&D investments and the particular nature of the U.S. “national
innovation system” – the full set of people, institutions, rules, and funding that shape
innovation. This paper also presents four brief case studies of recent government initiatives
that try to improve the number and quality of technology transitions from federally-funded
R&D to commercial industry.

A BRIEF HISTORY OF U.S. POLICIES FOR TECHNOLOGY TRANSITION
The Department of Agriculture. The first U.S. department or agency to think deeply about
technology transition was the Department of Agriculture (USDA). Agricultural research within
the U.S. Government began in 1839, under the Patent Office, and moved to the Department of
Agriculture when Congress and the President created that department in 1862. Then an 1887
law, the Hatch Act, created a system of research centers (“agricultural experiment stations”) at
universities across the country; these centers focus on applied research, such as the creation of
new seeds and machinery, and researchers in these centers work closely with companies to
develop new products. Then the Smith-Lever Act of 1914 created the Agriculture Extension
Service, which funds programs at universities that inform farmers and other people about “best
practices” in agriculture and related subjects. So, for over a hundred years USDA has funded
research, encouraged university researchers to work with companies, and taught people how
to best use seeds, machinery, and other technologies.5
The Department of Defense. The Department of Defense (DoD) has also long thought about
technology transitions, and in fact the term “technology transition” is most associated with
DoD. For the Defense Department, a successful technology transition means that the military
services and their contractors have successfully incorporated a new technology or capability
into actual products and services. Progress towards this goal of converting new technologies
into useful products and services is often measured by using Technology Readiness Levels
(TRLs).
DoD understands that different types of R&D are associated with different Technology
Readiness Levels (TRLs). That is, different types of R&D typically produce outcomes that have
different TRLs.

5

For details about USDA research and extension programs, see: U.S. Department of Agriculture, “Research and
Science,” https://www.usda.gov/topics/research-and-science.
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We can explain this connection in three steps: defining the types of R&D funding that DoD
provides, defining DoD Technology Readiness Levels, and then explaining which TRLs are
associated with which types of R&D funding.
First, DoD classifies its funding in a particular – and complicated – way. R&D spending is
included in a larger category, called “Research, Development, Testing, and Evaluation.” This
overall category includes both R&D and another type of funding called “Operational System
Development” – which funds the actual construction of new weapons systems. Then the R&D
category itself is split into six levels, the first three of which are called the “Science and
Technology” portions of the Department’s overall R&D budget. These first three levels include
basic research (called “6.1 research” in DoD’s language); applied research (“6.2”), and advanced
technology development (“6.3”).
The next page has a table that shows the U.S. fiscal year (FY) 2021 appropriations for these six
levels of Defense Department research and development funding.6

6

This table comes from American Association for the Advancement of Science, “Review of Research &
Development in the Final FY 2021 Omnibus [Appropriations Law].” January 2021, page 8, available at:
https://www.aaas.org/news/rd-fy-2021-omnibus-review-and-estimates.
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Table 1.
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Second, the chart below summarizes DoD technology readiness levels. 7

Third, a National Academies report explains the typical relationship between the different types
of DoD Science and Technology funding (“6.1 through 6.3”) and TRLs:
To provide a context for discussing how the military services pursue high-risk/high-payoff
research endeavors, it is important to begin with an understanding of the budget
architecture for DOD science and technology as a whole. The budgetary architecture for
science and technology (S&T, or the “R” in R&D) within the DOD consists of three budget
categories:
7

This chart is from the website of a company called TWI: https://www.twi-global.com/technicalknowledge/faqs/technology-readiness-levels.. One document that provides additional details about DoD’s
technology readiness levels is: U.S. Army, “Technology Readiness Levels in the Department of Defense (DoD),”
https://api.army.mil/e2/c/downloads/404585.pdf.
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6.1: Basic research, typically associated with technology readiness level (TRL) 1 and
2, in which new scientific phenomena are sought in an effort to discover and
advance fundamental knowledge in fields important to national defense. Such
research is generally broad in nature, and because of its low TRL, can be considered
inherently “high risk.”



6.2: Applied research (also called exploratory development), typically associated
with TRL 3 and 4, in which technology is developed based on a newly discovered
scientific phenomena, or by the application of scientific phenomena in a totally
different manner than currently applied.



6.3: Advanced technology development, typically associated with TRL 5 and 6, in
which multiple technologies (often from cross disciplines) are integrated and
demonstrated to enable the development of a new military capability to satisfy a
military need.

Budget categories 6.1, 6.2, and 6.3, which collectively comprise S&T, can be envisioned as
mission enabling and represent the feedstock for the “D” in R&D (D is sometimes called
engineering development; it is the engineering of advanced technology into an end item
that can eventually be tested, manufactured, and delivered to the military war fighter).8
So, different types of research – basic, applied, and early technology development – typically
produce inventions and technologies at different TRLs. As we shall see, the TRLs produced by
different types of federal R&D can make technology transitions easier (if the TRLs are already
high) or can require a great deal of additional funding (if the technologies have low TRLs).
Basic research. As the National Academies report says, basic research funded by DoD and other
federal agencies typically produces laboratory discoveries at TRL 1 and sometimes TRL 2. It is
rare for university research to produce results at TRL 3 or 4 – although an NSF-funded
engineering research center or a similar engineering center funded by another agency might do
work at TRL 3 or even TRL 4.9 However, TRL 3 and 4 work is unusual in universities.
Discoveries at TRL 1 and 2 require a great deal of additional – and expensive – R&D and
engineering work in order to convert them into useful applications. DoD avoids this large “gap”
between university research and actual products by funding further types of R&D that move
new technologies to higher and higher TRLs.

8

National Research Council, An Enabling Foundation for NASA’s Earth and Space Science Missions (Washington,
DC: National Academies Press, 2010), page 56, available at: https://www.nap.edu/catalog/12822/an-enablingfoundation-for-nasas-earth-and-space-science-missions. (Note: the National Research Council is one part of the
National Academies of Sciences, Engineering, and Medicine.)
9
The argument that ERCs can and do work at TRL 3 and even sometimes even TRL 4 comes from a website from
Iowa State University’s NSF Engineering Research Center for Biorenewable Chemicals: https://www.twiglobal.com/technical-knowledge/faqs/technology-readiness-levels
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DARPA-type technology development. The Defense Advanced Research Projects Agency
(DARPA) is well known for using 6.3 funding for the development of actual prototypes –
prototypes at TRL 4, 5, and sometimes 6. DARPA does provide some 6.1 (basic research) and 6.2
(applied research) funding, but much of its funding is 6.3 (advanced technology development).
Many of its projects produce prototype technologies at TRL 5 and 6.
DARPA’s focus on creating actual prototypes has three important implications for technology
transition within the Defense Department. First, DARPA admits that much additional work is
needed to convert a DARPA-funded prototype into actual products and services for DoD.
Technology transition is a long process. Second, however, in general the process of converting
an actual TRL 5 prototype into a useful product is much easier than trying to move a TRL 1 idea
from basic research to a useful product. Again, higher TRLs help with transitions. Third, DARPA
projects often also create a knowledgeable, skilled set of researchers who can help DoD and
companies convert the prototypes into products and services; the experiences of DARPAfunded researchers in helping to create the Internet and the personal computer are two
examples. Knowledgeable people as well as high TRL technologies help the transition process.
DARPA creates valuable technologies, some of which civilian as well as defense companies can
use. However, except for ARPA-Energy the United States does not have “civilian DARPAs” to
help civilian companies. The U.S. continues to spend most of its R&D funding on basic research
and on applied research/technology development in a few fields, primarily defense, energy,
aircraft and space, and agriculture. Because of these funding priorities, U.S. companies not in
these particular fields sometimes face particular challenges in converting federally-funded
research and prototypes into useful commercial products and services. We will return to this
subject later in this report.
The importance of communication within the defense community. Two other points about
DoD technology transition activities are also important. First, Defense Department officials
recognize that using a new idea or prototype in an actual military system requires not just
further development work by contractors but often also direct cooperation between the
engineers who created the prototype and the engineers and military officers who develop and
build weapons systems. (Similar cooperation is also important when new components or
materials are added to existing weapons systems.) In short, successful technology transitions
require cooperation among many people.
Second, for transitions to succeed, the “customer” – the military services – must want the new
technologies. Often, researchers must persuade the services that a new technology or technical
capable is worth having. Leaders at DARPA and other DoD R&D organizations work hard to
explain and demonstrate new technologies to senior officials and to persuade them to invest in
the transition from prototypes to actual weapons systems.
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TECHNOLOGY TRANSITION POLICIES IN OTHER PARTS OF THE U.S. GOVERNMENT
In the late 1970s, Congress and civilian government agencies began to focus on ways to
accelerate the development and use of federally-funded research. In those years and then
later, government officials went through three stages in their thinking about technology
transitions and policies for technology transitions.
Technology licensing. First, in the late 1970s and early 1980s, Congress and civilian agencies
focused on “technology transfer” – particularly the first type of technology transfer, which
licenses (“transfers”) federally-funded inventions to companies and other organizations.
Congress passed two important laws in 1980 designed to allow and encourage legal transfers of
patented inventions: (1) the Bayh-Dole Act (Public Law 96-517), which allowed universities and
small businesses to own and then license the legal rights to federally-funded inventions; and (2)
the Stevenson-Wydler Technology Innovation Act (Public Law 96-480), which, among other
provisions, encouraged federal laboratories to license their patented technologies to
companies and other users.
Congress did not assume that companies would want to license all of the inventions created by
universities and federal laboratories, but Congress hoped the companies would license some of
them and create useful products and services based on these inventions.
Cooperative research. Second, by the mid-1980s some analysts argued that the process of
converting a new technology into actual products – the process we now call “technology
transition” – would require more than simply the transfer of legal rights to an invention. In
addition to improved communication between inventors and product developers – a subject
mentioned earlier in this report – these experts argued that joint R&D involving inventor and
user might also be valuable.
Many U.S. universities had long worked with companies on joint research, so collaborative
research was not a new idea, and even before the 1980s several federal agencies besides USDA
had funded small programs to encourage university-industry joint research. For example, in
1973 the National Science Foundation (NSF) began its University-Industry Cooperative Research
Centers (IUCRC) Program, a program that still exists.10 Other agencies sponsored universityindustry projects in fields such as forest products, mining safety, and advanced materials.
However, in the 1980s both federal agencies and universities paid greater attention to
university-industry collaborations. NSF, for example, created the Engineering Research Centers
(ERC) Program – a program discussed in detail later in this paper. Also, some universities and
10

National Science Foundation, “About the IUCRC Program,” https://iucrc.nsf.gov/about.
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companies cooperated in a new way: companies that had licensed inventions from universities
would then fund additional research in the laboratories of the professors who had created
those inventions. The idea was to fund further R&D that would help turn those inventions into
commercial products. In addition, some universities began to license inventions to the
professors who had made the inventions in the first place; these professors could then start
new companies to further develop and then commercialize the technologies. Here, too,
additional R&D involving both the original inventors and company researchers was seen as
valuable – and moved new technologies to higher technology readiness levels.
Meanwhile, government analysts in the U.S. Department of Commerce (DOC) realized that
companies that licensed technologies from federal laboratories might want to do joint research
with laboratory inventors, to further develop the technologies. These analysts worked with
Congress, and the first result was the Federal Technology Transfer Act of 1986, which allowed
federal laboratories staffed by civil servants (as opposed to laboratories run by private
contractors) to enter into “cooperative research and development agreements” (CRADAs) with
companies and others. Another law, the National Competitiveness Technology Transfer Act of
1989, allowed the Department of Energy’s contractor-run laboratories to establish CRADAs.
In the early 1990s, Congress also funded several programs to support new forms of civilian
applied research. These initiatives included an Advanced Technology Program (ATP) run by the
Department of Commerce (DOC); the ATP supported company-university projects and multicompany collaborations, as well as R&D projects in individual companies. Also, an early 1990s
DOE initiative gave government money to CRADA projects at the department’s laboratories.
Attention to technology transition pathways was a key part of projects that these programs
supported. However, Republicans in Congress later stopped funding for these initiatives.
Supporting entrepreneurs. Third, in the 1980s and after Congress, federal agencies, and
business groups thought about the important role that entrepreneurs play in turning new
technologies into commercial products and services. Of course, large corporations develop
many of the world’s new products, using their own technologies and technologies licensed from
universities and government laboratories. But in the United States, entrepreneurs and start-up
companies also play an important economic role.
The creation of the Small Business Innovation Research Program (SBIR) and later the smaller,
related Small Business Technology Transfer Program (STTR) were important steps in supporting
entrepreneurs and their companies. In addition, business leaders in some American cities began
to create non-profit programs to mentor and assist technology entrepreneurs, sometimes with
help from state governments or the U.S. Economic Development Administration (EDA).
Eventually, some leaders also created “business incubators” and “business accelerators” to help
new entrepreneurs, and, as mentioned earlier, some universities helped their professors start
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companies by licensing the patent rights of inventions back to the professors who created those
inventions. Then by the early 2000s, several federal agencies began to create their own
programs to mentor entrepreneurs – such as the National Science Foundation’s I-Corps, the
Department of Energy’s Lab-Corps, and DOE’s support of the Activate Fellowship Program, one
of the programs discussed in the case studies section of this report.

THE VALUE OF STUDYING HOW TECHNOLOGY TRANSITIONS OCCUR
The key point in this section of the paper is that technology transitions – and government
technology transition programs – will be more successful if government officials understand
how technology transitions actually occur. In the U.S., USDA and DoD have the most experience
with the process of technology transition, but civilian agencies have also made progress in
understanding what steps are necessary for successful technology transitions.
This point also has several implications. One implication is that policy analysts should think
carefully about exactly which opportunities and challenges exist in current technology
transition processes, and then design new programs to deal effectively with those
circumstances. A second implication, at least for the United States, is that additional applied
R&D would raise the TRLs of new technologies and therefore help companies and government
agencies with technology transition. Third, governments can encourage a great deal of
experimentation – for example, in university mentoring programs – and then support the
models that seem to work best.

HOW FEDERAL R&D BUDGET PRIORITIES AFFECT TECHNOLOGY TRANSITION
When discussing how easy or difficult technology transitions are in the United States, the
federal government’s R&D budget priorities are also important.
Since the 1940s, the U.S. government has emphasized investments in (1) basic research in
universities and federal laboratories and (2) applied research and technology development in a
few areas, particularly defense, space and aircraft, agriculture, and some aspects of energy
technology. Unlike governments in some other countries, the U.S. government has devoted
relatively little money or attention to applied R&D in fields that might directly help commercial
industry.
So, while agencies such as DARPA invest heavily in the creation of new prototype technologies
and capabilities (some of which are used in the commercial world as well as the defense world),
relatively little government money goes, for example, to applied R&D that converts university
basic research into prototypes for the commercial world. This policy choice affects the ability of
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the United States – both government and companies – to transition new knowledge from basic
research into actual commercial products and services.

KEY FEATURES OF THE U.S. NATIONAL INNOVATION SYSTEM THAT HELP OR HINDER
TECHNOLOGY TRANSITION
THE U.S. NATIONAL INNOVATION SYSTEM
Federal R&D funding is one important part of the overall “national innovation system”
(innovation ecosystem) – the people, institutions, laws, and resources that shape U.S.
innovation. This section of the paper discusses four key features of the U.S. innovation system
and asks how these features help or hinder the transition of federally-funded knowledge and
technologies to commercial industry.

ENTREPRENEURS
If a country wants to successfully transition new knowledge into commercial products and
services, it first needs a set of technically-knowledgeable entrepreneurs – both entrepreneurs
who create start-up firms and innovators within existing companies.
The U.S. is fortunate to have well-trained scientists and engineers who can start or assist
companies. In addition, other aspects of the U.S. labor market also allow and encourage
entrepreneurship and therefore help with the transition of government-funded technologies
into commercial products and services.
For example, university personnel practices and rules are important. U.S. universities have long
allowed their professors to serve as consultants to companies, usually up to 20 percent of the
professors’ work time. And particularly since the 1980s, many professors have either used their
consulting time to help start companies or have left their universities, temporarily or
permanently, to start firms or work in large companies. For example, many researchers funded
by DARPA helped start computer networking companies. Even graduate students have started
companies; Google is a famous example.
However, there is also a problem. Most professors or graduate students who want to start
companies have little experience in business and know little about business plans, financing,
intellectual property rules, hiring people, or production. NSF is trying to help here with the
Innovation-Corps program, which provides business training and mentoring for professors and
students. In addition, venture capitalists often find experienced business executives who can
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help new companies, and, as mentioned earlier, some U.S. cities have business groups that
provide mentoring to new entrepreneurs.
Some other features of the U.S. employment system also help technology transition. Graduate
students finish their PhD degrees and often move into industry, taking new knowledge with
them. Engineers and business executives can easily move from one company to another in the
U.S., further helping to transfer knowledge. Moreover, historically the U.S. has welcomed
immigrants, including scientists, engineers, and entrepreneurs. They often bring new ideas and
entrepreneurial energy.

MARKET OPPORTUNITIES
For entrepreneurs to succeed, they must have market opportunities. That is, they must be able
to sell their products and services.
The U.S. economy is relatively open and has effective laws and courts, and it has long provided
opportunities for both existing companies and start-up firms. Today, however, the rise of very
large firms in several fields – such as the Internet world – has led some policy-makers and
analysts to call for stronger antitrust actions. One allegation in recent antitrust lawsuits against
Facebook and Google is that they use their wealth and market power to either crush or buy
new firms that might compete with them. Antitrust policy can affect whether new knowledge
and new companies enter the U.S. economy.
One other feature of the U.S. economy is also important. Since the 1940s, the federal
government not only has funded R&D but also bought advanced products and services from
private companies, including civilian companies. Government procurement of new hightechnology products is often very helpful to private companies. Government purchases provide
revenue, which is particularly important for new companies, and making products for the
government helps companies learn how to improve products and lower manufacturing costs,
making the products more attractive for commercial customers.
However, the government may buy private products for two entirely different reasons – a fact
that makes the role of government procurement in the U.S. economy very complicated.
In one situation, a government agency needs or wants a product that only a commercial
company can provide, and so the government buys this product to meet its own needs.
Examples here include the Air Force’s purchase of Intel’s early microprocessors, because the Air
Force wanted to put these chips into the guidance systems of Minuteman intercontinental
ballistic missiles (ICBMs). In the 1960s, NASA bought IBM mainframe computers for their
mission control centers and small computers for space capsules because NASA needed these
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products. In the past 10 years, NASA has contracted with SpaceX to carry cargo and astronauts
to the International Space Station because, with the Space Shuttle program terminated, NASA
very much wanted a U.S.-based system for reaching the Station. In these and similar cases, the
government is not trying to help the civilian industry (even though their purchases may help the
companies). Instead, the agencies are buying what they need.
In the second situation, however, the government sometimes buys products not only to meet
its own needs but deliberately to help a civilian industry grow. For example, a federal or state
government agency might buy electric vehicles, not just to meet the agency’s needs but also to
help the electric vehicle industry grow. (Besides procurement, the government may also
provide tax incentives to encourage the manufacture of products such as electric vehicles and
tax incentives to encourage consumers to buy such products.)
In short, in the United States government procurement of products or services from civilian
companies can be simply a way to meet government needs, or government can use
procurement to promote innovation in civilian industries that leaders believe are important.

FINANCING
Financing for technology transitions and commercialization exists in the U.S. but is uneven.
Academic entrepreneurs face particular challenges. The Small Business Innovation Research
Program (SBIR) and Small Business Technology Transfer Program (STTR) offer valuable funding,
but awards are often small relative to the costs of developing actual working prototypes.
The U.S. venture capital industry is large and important, but (1) it does not usually fund
technology development work but instead wants to see proven prototype technologies, and (2)
today primarily funds new Internet, mobile, and software firms, as well as some biotechnology
and medical device start-ups. , not start-ups in other fields of technology. In addition, the
availability of venture capital is quite regional, with a few major technology hubs, such as
Silicon Valley, Austin and Boston, accounting for most of it. Because most venture capitalists
prefer to invest in new companies near their home office, the supply of such financing in other
regions of the U.S. is quite limited.
Table 2 shows the distribution, by industry, of U.S. venture capital investments during the
fourth quarter of 2020.
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TABLE 2. DISTRIBUTION OF U.S. VENTURE CAPITAL INVESTMENTS BY INDUSTRY SECTOR,
FOURTH QUARTER 202011

Financing for technology transitions also comes from other sources. Today DoD still funds large
amounts of R&D and remains a first customer for some important technologies, but of course it
focuses on military technologies and not civilian ones. The Department of Energy funds some
applied R&D for energy technologies, but the U.S. does not invest much federal money for
general industry-oriented R&D. One important policy experiment is the new network of
manufacturing institutes (Manufacturing USA institutes), which may help the manufacturing
industry develop, test, and deploy valuable new technologies. A later section of this paper
discusses these institutes.
In the past year, the U.S. Congress has begun discussions on how best to nurture important
“industries of the future.” China’s investments in new technologies have led many U.S. officials
to call for increased R&D investments in these technical fields, and NSF and DOE recently
provided funding for new basic research centers in two important areas, quantum computing
and artificial intelligence.12 (A later section of this paper provides additional information about
these new centers.)

11

PwC/CB Insights MoneyTree Report, Q4 2020, page 16, https://www.pwc.com/us/en/moneytreereport/assets/pwc-moneytree-2020-q4.pdf.
12
For details about these new centers, see American Institute of Physics, “NSF and DOE Support Research Priorities
with Spate of New Center Awards,” 16 September 2020, https://www.aip.org/fyi/2020/nsf-and-doe-supportresearch-priorities-spate-new-center-awards.
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It is unclear whether Congress will provide additional funding for joint university-company
applied research for these “industries of the future.” Long-standing Republican hostility to
government financial support for industry-related technology still exists. However, today even
some Republican Senators, such as Marco Rubio (R-FL), appear willing to consider new federal
money and programs to help the United States compete successfully with China.

SUPPORTIVE LAWS AND INSTITUTIONS
One great strength of the U.S. national innovation system is the set of laws and institutions that
support entrepreneurs. Among these laws are the Bayh-Dole Act, mentioned earlier; laws that
allow entrepreneurs to easily start new companies; tax laws that encourage venture capital
investments; antitrust laws; and employment laws that allow experts to move among
companies.
Also important are institutions that help U.S. entrepreneurs. These include not just research
universities, which train scientists and engineers, but also “business support services” such as
specialized law firms and accounting firms that exist in regions such as Silicon Valley. However,
not all regions of the U.S. have these dense sets of institutions that support local
entrepreneurs.

HOW WELL DO VARIOUS TECHNOLOGY TRANSITION PATHS WORK IN THE U.S.?
TRANSITIONS FROM FEDERALLY-FUNDED RESEARCH IN UNIVERSITIES
Several U.S. agencies fund basic research at universities, including NSF, the National Institutes
of Health (NIH), DoD’s basic research program, and DOE’s Office of Science. Most U.S. basic
research agencies primarily fund research in universities and other non-profit research
institutions. DOE funds basic research at both universities and its national laboratories.
There are at least three ways in which this federally-funded knowledge can be transitioned to
commercial companies. First, professors with advanced knowledge can serve as consultants to
companies or even start new companies. Second, students bring new knowledge with them
when they go to work in industry. Third, professors and students supported by government
research grants sometimes patent new inventions, which the U.S. Bayh-Dole Act allows
universities to own and license.
The university licensing process is important in the U.S., as discussed earlier in this paper, but
problems often arise when start-up companies want to commercialize university inventions.
This paper has already mentioned three barriers to commercialization: the low TRLs of most
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technologies created in universities, professors and graduate students who lack business
expertise, and frequent problems finding government or private money to fund further
development of new technologies. Mentoring programs such as I-Corps help, and SBIR and
STTR awards sometimes help new companies overcome “valley of death” problems.
In short, university professors funded by basic research agencies often have “cutting-edge”
technical knowledge but often lack resources and incentives to create working prototypes or
other applications of new technologies. In some fields of technology, this situation may not be a
barrier to commercialization – for example, with software – but in the physical sciences and
engineering a major valley of death funding problem may arise and hinder technology
transitions.
Even large corporations may be reluctant to license and commercialize university inventions,
due to the costs and risks involved in converting new basic technologies into commercial
products and services.

TRANSITIONS FROM RESEARCH AND TECHNOLOGY IN GOVERNMENT LABORATORIES
As mentioned earlier in this paper, the Stevenson-Wydler Technology Innovation Act of 1980
allows U.S. government laboratories to license their inventions to companies, and 1986 and
1989 laws allow laboratories also to enter into “cooperative R&D agreements” (CRADAs) for
joint research with companies and others.
The numbers of licenses and CRADAs at federal agencies are important, but sometimes they are
not high. For example, in U.S. federal fiscal year 2019 NIH’s internal (“intramural”) research
activities (which are separate from the money that NIH sends to universities) had a budget of
approximately $4 billion. NIH’s internal program and two smaller agencies – the Centers for
Disease Control and Prevention and the Food and Drug Administration – had a total of 342
active technology licenses (many made in earlier years); licensing royalties (income) of $78.2
million; and, at NIH, 88 CRADAs.13 These numbers indicate important technology transfer
activities, but one can argue that they are relatively small compared to NIH’s intramural budget.
DOE’s numbers are higher. In FY 2015, for example, DOE’s national laboratories and other
facilities had 734 CRADAs; 6,310 active licenses of intellectual property; and 7,571 user projects
(in which companies use facilities at national laboratories). DOE and its facilities also had two

13

Office of Technology Transfer, National Institutes of Health, “OTT Statistics,”
https://www.ott.nih.gov/reportsstats/ott-statistics.
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other types of cooperative projects: 2,395 Strategic Partnership Projects and 74 Agreements for
Commercializing Technology.14
Several other points about U.S. federal laboratories are also important.
First, the primary mission – and the primary activity – of most U.S. government laboratories is
not to help commercial industry. (The National Institute of Standards and Technology (NIST) is
an exception, as are USDA’s laboratories, NASA’s aeronautical research centers, and DOE’s
energy technology laboratories.) Most federal laboratories focus on government missions,
primarily defense, space, and basic research. For these laboratories, technology transfer is a
second, smaller mission.
Second, employees at U.S. federal laboratories usually must receive special permission before
they can consult for outside firms or to help start new companies. These rules apply to
employees at both civil-service laboratories and laboratories operated by contractors. So, while
university professors can serve as consultants or start companies, employees of government
laboratories usually are subject to strict rules that limit such activities. These rules are sensible,
but they limit the transition of laboratory knowledge and technologies to the private sector.15
Third, while some federal laboratories help train graduate students and post-doctoral fellows,
they do not train as many students and fellows as universities. This factor also limits how much
they can transfer new knowledge to companies.
Fourth, however, for the past several years NIST has led a “laboratory-to-market” study within
the federal government. Its purpose is to identify steps to maximize the transfer of federal
science and technology investments in ways that benefit both national security and the
economy. In April 2019 NIST released a report with several recommendations, and in December
2020 the agency proposed several changes in U.S. law that it believes will help increase
technology transfers.16

14

Department of Energy, “Report on Technology Transfer and Related Technology Partnering Activities at the
National Laboratories and Other Facilities, Fiscal Year 2015,”
https://www.energy.gov/sites/prod/files/2018/10/f56/Annual%20DOE%20TT%20Report%20FY2015_0.pdf.
15
For an example of the rules that apply at one of DOE’s contractor-operated laboratories – the SLAC National
Accelerator Laboratory operated by Stanford University, see: SLAC National Accelerator Laboratory, “Conflicts &
Outside Employment,” https://legal.slac.stanford.edu/conflicts-outside-employment. The rules listed on this web
page include the following: “Approval of concurrent outside employment or engagement in a professional capacity
must be obtained before the activity starts. It is important to note that the activities subject to approval include:
Accepting employment, consulting, compensation (whether monetary or in-kind), or a leadership position with any
outside entity…. Only the SLAC Director can approve requests for outside employment or professional
engagement.”
16
National Institute of Standards and Technology, Return on Investment Initiative for Unleashing American
Innovation, NIST Special Publication 124, April 2019, available at: https://doi.org/10.6028/NIST.SP.1234. The
December 2020 legislative proposals are available at: https://www.nist.gov/news-events/news/2020/12/roi-

Technology Transition Policies and Programs, p. 20

We do not know yet whether the Biden Administration will endorse these recommendations,
which NIST developed during the Trump years. However, President Biden wants to help U.S.
economic competitiveness, so he may eventually support these proposals.

TRANSITIONS FROM PROJECTS FUNDED BY FEDERAL TECHNOLOGY DEVELOPMENT
AGENCIES
Federal technology development agencies include DARPA, the Advanced Research Projects
Agency-Energy (ARPA-E), and NASA.
DARPA is the best-known U.S. example of a successful technology development agency. DARPA
selects and funds bold R&D programs that attempt to develop and demonstrate
“breakthrough” technologies. While DARPA focuses on technologies for national security, its
technologies also often have commercial potential, creating “dual-use technologies” such as
the Internet or new vaccine development technologies.
Because DARPA-funded projects create and demonstrate prototypes – TRL 4, 5, or above – the
transition to military or commercial applications is technologically easier than with many basic
research results. Moreover, if DoD chooses to further develop a new technology, then that step
may eventually make commercial applications easier. However, both DARPA and ARPA-E stress
that “transition” remains a difficult and expensive process.
NASA’s role in helping commercial industry is complex. NASA has long helped satellite
companies develop new technologies, including communication satellites and earth
observation satellites. However, many early commercial rocket companies, such as Orbital
Sciences and SpaceX, actually received initial government funding from DARPA, not NASA.
NASA has nonetheless helped these companies in several ways: by providing knowledge about
rocket technology, by helping to train engineers who build the commercial rockets, and now by
providing contracts to several of the commercial companies, such as contracts for SpaceX to

initiative-status-update-legislative-package-sentcongress?utm_medium=email&utm_source=FYI&dm_i=1ZJN,76HX0,E29D4M,T36LP,1. These NIST legislative
proposals would do the following: allow federal laboratories to copyright some software products, extend the
“information protection” period for CRADAs, permit the Director of NIST to issue regulations on technology
transfer, allow federal employees to receive higher payments when patents they create earn royalties, clarify who
can participate in CRADAs, allow agencies to use a special contracting method called “other transactions
authority,” permit agencies to establish non-profit foundations in support of their missions, and update the
technology transfer metrics that agencies use.
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carry cargo and astronauts to the International Space Station. NASA also has legal authority to
enter in joint research projects with companies.17

TRANSITIONS FROM UNIVERSITY-INDUSTRY-LABORATORY MANUFACTURING
INSTITUTES
In recent years, the U.S. has begun to experiment with new types of R&D institutes in which
researchers from universities, companies, and federal laboratories work together to conduct
research and create new technologies. By involving companies in the planning and conduct of
R&D, federal officials hope that the new institutes will create technologies that are useful to
industry as well as help accelerate the transition from laboratory research to commercial
products.
One such program is Manufacturing USA, which now supports 16 manufacturing technology
institutes across the United States. Each institute focuses on developing new manufacturing
technologies and processes for a particular industrial sector, ranging from traditional sectors
such as textiles to newer fields such as robotics, composites, and photonics.18
The institutes are still new, and rigorous evaluations are still required. However, the institutes
provide an important and promising model for cooperation among universities, government
laboratories, and companies.
Table 3 provides a list of the current institutes in the Manufacturing USA program.

17

NASA has its own legal framework for technology transition and transfer, under the National Aeronautics and
Space Act that created NASA in 1958. Information about NASA’s technology transfer program is available at:
https://technology.nasa.gov/.
18
Details about Manufacturing USA and its 14 institutes are available at: https://www.manufacturingusa.com/.
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TABLE 3. INITIAL FUNDING AWARDS FOR MANUFACTURING USA INSTITUTES
Source: Congressional Research Service19

19

John F. Sargent, Jr., “Manufacturing USA: Advanced Manufacturing Institutes and Network,” Congressional
Research Service, Report R46703, March 3, 2021, page 10, https://crsreports.congress.gov/product/pdf/R/R46703.
This report provides a useful history of the Manufacturing USA Program and its institutes.
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TECHNOLOGY TRANSITION POLICIES AT NEW CENTERS AND INSTITUTES FOR
ARTIFICIAL INTELLIGENCE AND QUANTUM COMPUTING
The new centers and institutes. This paper mentioned earlier that NSF and DOE recently
funded several new quantum computing centers, and that NSF also has funded new research
institutes for artificial intelligence. All of these new centers and institutes include companies. A
newsletter from a scientific society provides details about these new research collaborations:
The National Quantum Initiative Act of 2018 requires NSF and DOE to each fund up to
five QIS [Quantum Information Science] research centers. In July [2020], NSF announced
it will evenly divide $75 million over five years among its first three centers, called
Quantum Leap Challenge Institutes, which together will support partnerships between
16 core academic institutions, 22 companies, and eight national labs….
DOE announced its five QIS research centers in August, each receiving $115 million over
five years, with commitments for additional funding from dozens of universities and
companies totaling $340 million altogether. Each center will be managed by a DOE
national lab….
Legislation is now pending in Congress that would establish an initiative for AI similar to
the National Quantum Initiative, charging NSF with establishing a national network of
research centers. NSF has already moved in that direction, announcing in August [2020]
it is funding five new institutes at $20 million each over five years….
NSF plans to establish around eight more [artificial intelligence] institutes funded at
$160 million overall, this time with support from corporate partners including
Accenture, Amazon, Google, and Intel. It is also working to build a broader network of AI
research and education centers with participation from the Departments of Agriculture,
Homeland Security, and Transportation. The Department of Agriculture announced its
first two centers in August, focused on next-generation food systems and
sustainability.20
Table 4 below lists the new AI and quantum computing centers and institutes funded by NSF
and DOE.
TABLE 4. AI AND QUANTUM COMPUTING CENTERS AND INSTITUTES FUNDED IN 2020 BY
THE U.S. NATIONAL SCIENCE FOUNDATION AND THE U.S. DEPARTMENT OF ENERGY
NSF-funded “Quantum Leap Challenge Centers”


20

The Quantum Systems through Entangled Science and Engineering Institute led by the
University of Colorado Boulder will design and build high-precision quantum sensors
that can probe a variety of fundamental physical phenomena.

American Institute of Physics, Ibid.
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The Institute for Hybrid Quantum Architectures and Networks led by the University of
Illinois at Urbana-Champaign will build testbeds to evaluate the functionality of
networks of small quantum devices.
The Institute for Present and Future Quantum Computing led by the University of
California, Berkeley will develop algorithms for large-scale quantum computers.

NSF is currently soliciting proposals for additional centers.
DOE-funded Quantum Information Science Research Centers









Q-NEXT led by Argonne National Lab will build quantum sensor networks,
secure quantum communication links, and two “national foundries” for
standardized quantum materials and devices.
The Superconducting Quantum Materials and Systems Center led by Fermilab will
work to lengthen the lifetime of quantum states, known as the coherence time, in
order to develop next-generation quantum computers and sensors.
The Co-design Center for Quantum Advantage led by Brookhaven National Lab will
design software and components for quantum computers.
The Quantum Systems Accelerator led by Berkeley Lab will develop new ways to
control quantum computing platforms and design algorithms that are tailored to
solving scientific problems.
The Quantum Science Center led by Oak Ridge National Lab will explore the use of
topological materials in quantum computers, test algorithms for quantum computers,
and develop sensors for discovery science applications.

NSF Artificial Intelligence Centers









The Institute for Artificial Intelligence and Fundamental Interactions led by MIT will
explore how AI can help address fundamental questions in physics, and how physics
knowledge can improve AI algorithms.
The Institute for Molecular Discovery, Synthetic Strategy, and Manufacturing led by
the University of Illinois at Urbana-Champaign will use AI to accelerate the synthesis
of small molecules.
The Institute for Research on Trustworthy AI in Weather, Climate, and Coastal
Oceanography led by the University of Oklahoma will work to improve the reliability
of Earth system predictions.
The Institute for Student-AI Teaming led by the University of Colorado Boulder will
develop “AI partners” that offer individualized instruction in classrooms.
The Institute for Foundations of Machine Learning led by the University of Texas at
Austin will work to understand how deep learning algorithms function and improve
their efficiency.
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Source: American Institute of Physics, “NSF and DOE Support Research Priorities with Spate of New
Center Awards,” https://www.aip.org/fyi/2020/nsf-and-doe-support-research-priorities-spate-newcenter-awards

Features of these centers and institutes that may or may not help the process of technology
transition. Several features of these new AI and quantum science centers and institutes are
important.
First, we do not know yet what the technology readiness levels of these new technologies will
be. As mentioned earlier, higher TRLs make the transition to commercial products easier than is
the case with technologies with low-TRLs technologies.
Centers and institutes operated by U.S. universities typically focus more on research than on
technology development, so the TRLs of technologies from the NSF-supported centers and
institutes may be relatively low – which means that considerable additional R&D will be needed
before the technologies can be transitioned into commercial products.
It is possible, however, that the work products of the NSF-funded artificial intelligence centers
may have higher readiness levels than the research conducted by the NSF-supported quantum
computing centers. Artificial intelligence is now an established industry, and new research on
improved algorithms and additional applications of AI may be quite useful to companies.
Quantum computing, on the other hand, is a new field, and much research and technology
development is needed before anyone can build a practical quantum computer. As a result, one
would expect the NSF’s quantum science centers to focus on basic research – and for
technology transitions from this research to take a long time.
DOE’s new centers on quantum information science will conduct basic research and the
development of important new technologies, such as quantum sensors and algorithms for
quantum computing. In addition, the center at Argonne National Laboratory will build two
“national foundries” – factories that both researchers and companies can use to build new
materials and devices. DOE laboratories of have a long and successful history of using
multidisciplinary teams and world-class facilities to create new devices.
Second, as we discussed earlier, laboratory researchers generally cannot consult for industry,
and few laboratory researchers become entrepreneurs or move into large companies. These
features of U.S. government laboratories hinder technology transitions. While university
research is often more basic than R&D in DOE laboratories, university professors and graduate
students can easily start new companies or help existing companies – which can help with
technology transitions.
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Third, involving companies in these new centers and institutes may significantly help the
transition for research to products. NSF’s Engineering Research Center Program – a program
discussed later in this paper – shows that including companies in university research has several
benefits: professors learn more about industry’s needs and may change a center’s research
agenda to be more useful to industry; the companies get early access to important research
findings; graduate students learn about which skills companies want researchers to have; and
companies meet bright graduate students and sometimes hire them after they receive their
PhD degrees. All of these connections among researchers, companies, and students may
eventually help with the process of technology transition – particularly the ability of companies
to learn about advanced research and, in the case of university centers, to hire skilled young
people. Again, in the U.S. hiring skilled students is the one of the most important ways to
transfer and “transition” new technologies.
In the U.S., agencies such as NSF and DOE expect the researchers who ask for funding to recruit
companies and persuade companies to contribute funding. NSF itself will not try to persuade
individual companies to participate in these centers and institutes.
Table 5 illustrates the wide range of partners at one of the new centers – DOE’s Q-NEXT
quantum computing center, led by DOE’s Argonne National Laboratory. The center includes
Argonne, the SLAC National Accelerator Laboratory operated by Stanford University, and
several universities and companies.

TABLE 5. DOE’s Q-NEXT QUANTUM COMPUTING CENTER, MANAGED BY ARGONNE
NATIONAL LABORATORY IN COLLABORTION WITH THE SLAC NATIONAL ACCELERATOR
LABORATORY
Q-NEXT will focus on three core quantum technologies:





Communication for the transmission of quantum information across long distances
including quantum repeaters, enabling the establishment of “unhackable” networks
for information transfer
Sensors that achieve unprecedented sensitivities with transformational applications in
physics, materials and life sciences
Processing and utilizing “test beds” both for quantum simulators and future full-stack
universal quantum computers with applications in quantum simulations, cryptanalysis
and logistics optimization
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Q-NEXT will also train the next-generation quantum workforce through innovative training
programs with industry, academia and government to ensure continued U.S. scientific and
economic leadership in this rapidly advancing field….
Argonne and SLAC are joined in the collaboration by 21 partners that are embedded in all
aspects of Q-NEXT: participation in each of the scientific thrusts, governance and
development of the center strategy, and training of the next generation of the quantum
workforce. The collaboration among laboratories, companies and universities is crucial to
speed discovery, develop quantum applications and prepare a quantum-ready workforce. QNEXT’s partners are:
























Applied Materials
Argonne National Laboratory
Boeing
California Institute of Technology
ColdQuanta
Cornell University
General Atomics
HRL Laboratories
IBM
Intel
Keysight Technologies
Microsoft
Northwestern University
Pacific Northwest National Laboratory (a DOE national laboratory)
The Pennsylvania State University
Quantum Opus
SLAC National Accelerator Laboratory (a DOE national laboratory)
Stanford University
University of California, Santa Barbara
University of Chicago
University of Illinois at Urbana-Champaign
University of Minnesota
University of Wisconsin-Madison

Source: Argonne National Laboratory, “Department of Energy selects Argonne to lead national quantum
center,” August 26, 2020, https://www.anl.gov/article/department-of-energy-selects-argonne-to-lead-nationalquantum-center

Fourth, as mentioned earlier, U.S. universities and government laboratories have legal authority
to license patented university and laboratory inventions to companies. The legal authority to
license university and laboratory inventions to companies – including inventions from the AI
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and quantum centers and institutes – helps transition technology from researchers to
companies. However, start-up companies and even large corporations may have difficulty
obtaining money to pay for the risky next steps to further develop and then commercialize the
new technologies.

FOUR CASE STUDIES OF FEDERAL TECHNOLOGY TRANSITION PROGRAMS
INTRODUCTION TO THE CASE STUDIES
Several federal government technology transition programs are well known, such as NSF’s
Innovation Corps (I-Corps) Program; the Lab-Corps Program, a similar mentoring program
within DOE’s national laboratories; and the “technology-to-market program” at the Advanced
Research Projects Agency-Energy (ARPA-E).
This section of the paper describes four other transition assistance programs, all of which try to
help move federally-funded R&D into industry. However, these programs exist within the
overall U.S. national innovation system. Even with the help that these programs provide,
entrepreneurs and innovators in large companies still face features of the innovation system
that can help or hinder technology transitions.

TRANSITIONS FROM NSF’S ENGINEERING RESEARCH CENTERS
Program design and history. The Engineering Research Center (ERC) Program is not a typical
National Science Foundation activity. To begin with, it focuses on engineering, not basic
science. It also requires centers to get matching funds from companies, which is unusual in NSF
programs. The ERC program’s focus on engineering and industry was no mistake. In the 1980s,
NSF’s director was Erich Bloch, an engineer and former IBM executive who had a strong interest
in supporting engineering research that was relevant to companies.
The NSF website tells us the following: “Since the program's start in 1985, NSF has funded 75
ERCs throughout the United States. NSF supports each center for up to 10 years.” NSF currently
supports 18 centers.21
Creating and operating an ERC is a complex activity, in part because NSF now expects each
center to perform several tasks. For example, in the most recent competition for new ERC
awards, NSF wants each proposed center to include four activities (“components”):

21

National Science Foundation, “Engineering Research Centers,” https://www.nsf.gov/eng/eec/erc.jsp.
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Convergent Research (CR): High-risk/high-payoff research ideas and discovery that
pushes the frontiers of engineering knowledge; ERC convergent research is a deeply
collaborative and cross/transdisciplinary effort that results in positive societal impact.
Convergence blends multiple disciplines in engineering, sciences and social sciences in a
coordinated, interdependent way and fosters robust collaborations needed for
successful inquiry.
Engineering Workforce Development (EWD): In addition to training opportunities for
ERC participants, the Center engages in human resource capacity development aligned
with the targeted engineered system. ERC engineering workforce development
strengthens a robust spectrum of engineering education pathways and technical
workforce opportunities. Workforce Development occurs at all levels of the Center and
provides opportunities for engagement by all ERC members including students, faculty,
and external partners as appropriate. The ERC EWD program is driven by the future
education, workforce development, and labor market needs relevant to the proposed
Center.
Diversity and Culture of Inclusion (DCI): In addition to fomenting a diverse team, the
culture of the ERC and teams within the ERC demonstrate an environment of inclusion
in which all members feel valued and welcomed, creatively contribute, and gain mutual
benefit from participating. Because of the ERC’s attention to diversity and culture of
inclusion, participation from members of groups traditionally underrepresented in
engineering as well as diverse scientific and other perspectives is required. The ERC DCI
program ensures diversity at all levels of the Center and employs an intentional and
evidence-based approach to developing a culture of inclusion.
Innovation Ecosystem (IE): Trusted partners that work together to create and enhance
the capacity for innovation and new ways for delivering value with positive societal
impact. ERC innovation ecosystems include effective translational efforts from ideation
[new ideas] to implementation, workforce development that creates the workforce
needed for the enterprise, and deliberate efforts to attract funding and resources. ERCs
articulate plans for strategic engagement of stakeholder communities while including
the legal frameworks needed to protect the participants.22 23
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When a competition for grant begins, NSF issues a “program solicitation” document that contains details about a
program’s goals and procedures. This recent solicitation for the Engineering Research Program is: National Science
Foundation, “Gen-4 [Generation 4] Engineering Research Centers (ERC): Convergent Research and Innovation
through Inclusive Partnerships and Workforce Development,” Program Solicitation NSF 20-553, available at:
https://www.nsf.gov/publications/pub_summ.jsp?WT.z_pims_id=505599&ods_key=nsf20553. The four
“fundamental components” of an ERC are described on pages 4-5 of this document.
23
Universities that make proposals to NSF can satisfy the “Diversity and Culture of Inclusion” requirement in one of
two ways. First, they can include one or more Historically Black Colleges and Universities (HBCUs), Hispanic-Serving
Institutions (HIS), or Tribal Colleges or Universities (TCU) (colleges serving Native Americans) in their proposal.
Engineering Research Centers always involve more than one university, so the proposers can include universities
that serve minority students. Second, the applicant can promise to recruit minority students from the main
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Program management. At the National Science Foundation, agency leaders and program
directors decide the goals and details of programs such as the ERC initiative, but it is university
professors who develop the actual proposals.
NSF uses a planning and budget process to set its research priorities. Each year the agency
plans it programs and proposes a budget for the following year; it then submits that proposed
budget to the President’s Office of Management and Budget (OMB) for its review. Then the
President submits his annual budget request for NSF and all other parts of the government to
Congress. The agency budget requests submitted to Congress are detailed; NSF’s fiscal year
2021 request to Congress is 510 pages, and the Engineering Directorate’s part is 16 pages.24
Before developing their budget requests, NSF officials usually consult with research leaders in
the science and engineering community, committees of the National Academies of Sciences,
Engineering, and Medicine (NASEM), and the leaders of other government agencies. NSF also
creates and uses “strategic plans” to help set overall goals and priorities for the agency, and
leaders of NSF’s Engineering Directorate will consult those strategic plans.25
These budgets and strategic plans establish the agency’s priorities and set goals for programs
such as the ERCs. Then NSF asks for proposals from universities.
NSF uses a process called “merit review” to decide which proposals to fund. At NSF and some
other U.S. R&D agencies, “merit review” has two main parts. First, the NSF program directors in
charge of a program such as the ERCs will convene committees of experts to review proposals.
These experts are volunteers, usually from universities or industry. They decide which proposals
are the best – a process sometimes called “peer review” – and send those recommendations to
the NSF program directors. Then, second, the program directors decide which proposals will
receive grants. Often the NSF program directors follow the recommendations of the review
committees, but not always. In the U.S. Government, only government employees, such as the
program directors, can decide who will receive a grant. So, program directors make the final
decisions about who receives grants. (For very large grants, the National Science Board – NSF’s
“board of directors” – also needs to approve the awards.)
At NSF and also most other U.S. R&D agencies, the program directors are themselves scientific
or engineering experts, usually with PhD degrees. At NSF, some of these expert program

universities participating in the proposed center. Separate from the issue of ethnic inclusion, applicants also can
include universities from small-population states – the states that participate in EPSCOR programs.
24
NSF’s fiscal year 2021 budget request is available at: https://www.nsf.gov/about/budget/fy2021/toc.jsp.
25
For an example of an NSF strategic plan, see: National Science Foundation, “Building the Future: Investing in
Discovery and Innovation, NSF Strategic Plan for Fiscal Years (FY) 2018-2022,” available at:
https://www.nsf.gov/publications/pub_summ.jsp?ods_key=nsf18045.
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directors are career civil servants, but the agency also hires professors and other experts as
temporary government employees, usually for three to five years. The idea is that these
scientists and engineers from universities and sometimes companies will bring new ideas and
expertise into NSF. These temporary government employees are sometimes informally called
“rotators,” because they “rotate” from universities to NSF and then back to their universities.
Technology transitions from this program. NSF says that the ERC program has led to many
successes:





More than 200 spinoff companies
More than 850 patents
More than 13,500 total bachelors, masters and doctoral degrees to ERC students
Numerous research outcomes enabling new technologies26

In addition, the ERC Association – the association for engineering research centers – has a
website that lists what it calls “technology translation and innovation achievements.”27
Engineering research centers often create technologies at higher TRLs than most university
research programs. As discussed earlier, most university discoveries and inventions are at TRL 1
or 2, while ERCs sometimes create technologies at TRL 3 or even TRL 4. These higher TRLs make
the technologies from ERCs attractive to companies and entrepreneurs.
One of us (Christopher Hill) supervised a PhD student, Jonathan Tucker, who studied the ERCs
in great detail. Tucker found that two types of ERCs successfully attract companies and
company funding. However, the two types of ERCs are very different from each other. The first
type of ERC helps companies solve particular industry-wide problems. An example was an early
ERC at Purdue University that helped car manufacturers improve automobile “fit and finish” –
the precise alignment of doors, hoods, and other parts so that they fit precisely into a car body.
The second type of ERC that attracts and keeps industry support focuses on entirely new
technical areas and gives companies information about entirely new types of businesses that
they might one day want to enter. An example was an ERC that focused on “tissue engineering”
– growing human skin or other human tissues that might be used to repair damaged body
parts. This ERC attracted companies that wanted to learn more about this potentially valuable
new technology.28
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National Science Foundation, “Engineering Research Centers,” https://www.nsf.gov/eng/eec/erc.jsp.
ERC Association, “Technology Translation and Innovation Achievements,” https://ercassoc.org/content/technology-translation-and-innovation-achievements.
28
Jonathan Tucker, “An Analysis of Industry Support for the NSF's Engineering Research Centers,” Ph.D.
Dissertation in Public Policy, George Mason University, 2003.
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Metrics and evaluation. One of us (David Cheney) was an author of a 2004 study by SRI
International on the value to industry of interactions with engineering research centers. The
2004 study followed an earlier SRI study in 2002. Here is one finding from the 2004 report:
Access to ideas, know-how, and the ability to hire center students and graduates
continue to top the list of most valuable benefits, while licensing ERC software and
technology continues to be least important to member firms. A significantly higher
proportion of member firms from the more recent study reported receiving a number of
important benefits, notably product and process improvements and new products or
processes. Factors considered important for realizing these ERC-derived benefits are
numerous and include company issues (e.g., management support of the ERC and the
existence of a “champion”), ERC-specific features (e.g., responsiveness of ERC
faculty/researchers to company needs), and the nature of ERC member interaction (e.g.,
ERC efforts to communicate with members).29
A 2017 report by the U.S. National Academies of Sciences, Engineering, and Medicine (NASEM)
made recommendations for improving the ERC Program. Here are several of those
recommendations, as described in a National Academies press release:
The National Science Foundation (NSF) should re-invigorate its Engineering Research
Center (ERC) program – a partnership between academia, industry, and government to
produce transformational engineered systems – by addressing grand-challenge-like
problems, whose solutions would greatly benefit society, says a new report by the
National Academies of Sciences, Engineering, and Medicine.
NSF should provide greater investment to attract the most talented faculty and
students, and reduce administrative burdens on the centers. Moreover, the centers
should embrace best practices of team research and value creation that are currently
used by top U.S. corporations and organizations such as the Defense Advanced Research
Projects Agency (DARPA). To emphasize the ambition and the bold new direction of
these center-scale investments led by engineering, they should be given a new name;
possibly convergent engineering research centers (CERCs)….
The metrics currently used to evaluate centers tend to focus on numbers of students
graduated, papers published, and patents awarded. These output measures do not
assess the most important impacts of centers. NSF should develop metrics that track
the outcomes of center activities – not just the outputs. Examples include placement of
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J. David Roessner, David W. Cheney, and H.R. Coward, Impact on Industry of Interactions with Engineering
Research Centers – Repeat Study, SRI International, SRI Project Number P11537, December 2004, https://ercassoc.org/sites/default/files/studies_reports/Impact%20on%20Industry%20of%20ERC%20Interactions_SRI_1204.pdf.
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graduated students in influential positions, or evidence that the intellectual value
developed in the center is widely used.30
The report therefore suggests that ERCs should become more DARPA-like, including focusing
more on important “grand challenges” in engineering. The report also says that NSF should
develop better metrics for measuring the actual “outcomes” (impacts or benefits) of the
centers.31
The emphasis on bold goals and grand challenges is related to an argument that says R&D
programs that are bold and “solutions-oriented” in the first place are more likely to benefit
society that programs that simply fund additional routine or incremental research.
In response to the National Academies report, NSF has made some changes to the program.
One of them is to let professors apply for “planning grants” – small grants that allow
researchers to think about how best to design future engineering centers. NSF provides this
explanation for this new, small grant program:
The ERC program is placing greater emphasis on high-risk/high-payoff research, larger
societal impact, convergent research approaches, engagement of stakeholder
communities, and adoption of team science in team formation, in response to the 2017
NASEM study recommendation. The ERC program intends to support planning activities
leading to convergent research team formation and capacity-building within the
engineering community. This planning grant solicitation is designed to foster and
facilitate the engineering community’s thinking about how to form convergent research
collaborations. To participate in a forthcoming ERC competition, one is not required to
submit a planning grant proposal nor to receive a planning grant.32
The new planning grants therefore are an effort to help the engineering community,
particularly university researchers, develop new ideas about how to increase the “social
impact” of ERCs. It is possible that these new ideas will include proposals to increase
cooperation with industry, focus on research projects that may result in important new
technologies, and speed the transfer of these new technologies to industry.

30

The press release is: National Academies of Sciences, Engineering, and Medicine, “Media Advisory: New Report
Lays Out Strategic Director for NSF’s Engineering Research Centers,” no date stated,
https://www8.nationalacademies.org/onpinews/newsitem.aspx?RecordID=522017a. The report itself is: National
Academies of Sciences, Engineering, and Medicine, A New Vision for Center-Based Engineering Research. 2017,
https://doi.org/10.17226/24767.
31
Not everyone agrees entirely with these recommendations. One of us (Christopher Hill) has studied the ERC
Program closely. The studies he did with colleagues found that the most significant work of the ERCs was indeed
longer-range research that explored the possibilities of what we might call breakthroughs or radical new directions
– not efforts to solve current industry problems. However, metrics to measure “outcomes” may lead ERCs to focus
more on immediate results instead of those long-term contributions.
32
National Science Foundation, “Planning Grants for Engineering Research Centers (ERC),”
https://www.nsf.gov/funding/pgm_summ.jsp?pims_id=505530&org=EEC.

Technology Transition Policies and Programs, p. 34

NSF’S CONVERGENCE ACCELERATOR
Program design and history. NSF’s Convergence Accelerator (“C-Accel”) is a new program to
fund “convergence research” – multidisciplinary basic research -- focused on research problems
of national importance. Here is a description of the program from NSF’s website:
NSF’s Convergence Accelerator effort is a new capability within NSF to accelerate useinspired, convergence research in areas of national importance via partnerships
between academic and non-academic stakeholders. The Convergence Accelerator effort
provides a home for this research and advances ideas from concept to deliverables.
Key Characteristics:








Use-inspired and application oriented
Fed by basic research & discovery
Adopts a convergent [multidisciplinary] approach
Integrated teams including industry, academics, not-for-profits, government
entities, and others
Fixed term, with a focus on deliverables
Intensive education and mentorship
Proactively and intentionally managed

The NSF Convergence Accelerator pilot [pilot program] started out with a singular vision:
identify areas of research where investment in convergent approaches – those bringing
together people from across disciplines, united to solve problems – [that] have the
potential to translate to high-benefit results and advance ideas from concept to
deliverables. The Convergence Accelerator seeks to expand and refine NSF’s efforts to
support fundamental scientific exploration by creating partnerships that could
potentially include stakeholders from industry, foundations, government, nonprofits
and other sectors. The first set of awards made through the Convergence Accelerator
will leverage multidisciplinary research and lay the groundwork for public-private
partnerships with industry, including Fortune 100 companies.33
The research funded by this program therefore has several key features: it is multidisciplinary; it
is “use-inspired,” meaning that it focuses on practical problems, unlike “curiosity-driven
research” that focuses on what professors are interested in; it funds projects that may
eventually involve industry; but the program funds basic academic research, not applied
research or the development of prototype technologies.
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National Science Foundation, “NSF Convergence Accelerator,” https://www.nsf.gov/od/oia/convergenceaccelerator/index.jsp, accessed December 23, 2020.
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So far, the Accelerator has made two sets of awards. In 2019, it funded nine research teams
working in three areas: open knowledge networks, artificial intelligence and future jobs, and
what NSF calls “the national talent ecosystem.” In 2020, the program funded 29 research teams
working on quantum technology and artificial intelligence. The individual awards are relatively
small; the 29 winners in 2020, for example, will share $27 million. The initial awards appear to
be similar to what Americans called “planning grants” – money to think about a research
problem and put together a detailed proposal. The teams that have won these initial 2019 and
2020 awards will be eligible to apply for additional and larger awards (“Phase II awards.”).34
Some analysts and political leaders have recommended that NSF create an entire “directorate”
– a major office – for convergence research. One such report argues that a large Convergence
Directorate could help the U.S. compete more effectively with China’s technology programs.35
This proposal is similar to the NSF “Technology Directorate” proposed in a recent Congressional
bill authored by Senator Charles Schumer and others: the Endless Frontier Act.36
As Congress considers these proposals to expand NSF’s multidisciplinary, use-inspired research,
it will likely ask several questions. First, what R&D would be most valuable in fields such as
quantum computing and artificial intelligence? Does the U.S. need additional basic research, or
more development of DARPA-type prototypes, or some combination of the two? Second, if the
country does need prototypes, are NSF and universities actually are actually willing and able to
create DARPA-type prototypes? In particular, will the incentive structure in universities – which
rewards professors for publishing academic papers – lead those professors to focus on writing
research papers rather than creating technologies that can be commercialized?
Program management. NSF is organized in the same way as a university: by academic
disciplines. As a result, NSF has a Physics Division, an Earth Sciences Division, a Division of Social
and Economic Sciences, and divisions for biology, engineering, and other academic fields. This
organization gives NSF deep expertise in individual academic disciplines, but it creates a
problem when NSF wants to create and manage multidisciplinary research programs. How can
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Ibid.
Dean M. Evasius, “A Convergence Directorate at the National Science Foundation,” December 2020, available at:
https://www.dayoneproject.org/post/a-convergence-directorate-at-the-national-science-foundation.
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The proposed Endless Frontier Act would change NSF’s name to the National Science and Technology
Foundation and would create a new Technology Directorate within the agency; the directorate would fund
university research on new technologies. Senators Charles Schumer (Democrat of New York) and Todd Young
(Republican of Indiana) introduced the Senate version of the bill, S. 3832, on May 21, 2020, and Representatives Ro
Khanna (Democrat of California) and Mike Gallagher (Republican of Wisconsin) introduced an identical bill, H.R.
6878, in the House of Representatives on May 22, 2020. The bill has not become law. The authors of this paper for
CDRS wrote a critique of the bill, which was posted on the website of the magazine Issues in Science and
Technology: Patrick Windham, Christopher Hill, and David Cheney, “Improving the Endless Frontier Act,” Issues in
Science and Technology website, August 5, 2020, https://issues.org/improving-the-endless-frontier-act/.
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the agency organize its own staff from different disciplines to work together, and how can the
agency best evaluate proposals from multidisciplinary teams of professors?
NSF has tried to solve this management problem by creating a special Office of Integrative
Activities (OIA) to “integrate” (combine) several of its own experts and to fund multidisciplinary
university teams. The Convergence Accelerator is within this office. NSF provides the following
description of the OIA:
The Office of Integrative Activities (OIA) works across disciplinary boundaries to lead and
coordinate strategic programs and opportunities that: advance research excellence and
innovation; develop human and infrastructure capacity critical to the U.S. science and
engineering enterprise; and promote engagement of scientists and engineers at all
career stages.37
Within the office, NSF has assembled a multidisciplinary team to manage the Convergence
Accelerator program. The current head of the Convergence Accelerator office is a computer
scientist who previously served as a program manager at the Defense Advanced Research
Projects Agency (DARPA) and as a division director in the Department of Homeland Security’s
Science and Technology Directorate. He has experience working with industrial researchers as
well as university professors. The program’s senior science advisor is another computer
scientist, one who comes from a university and now works at NSF on a temporary assignment.
One of the Convergence Accelerator’s program directors has degrees in biology and materials
science, and she has started several companies.38
Next, the Convergence Accelerator program uses a particular process to select research topics
for future funding. NSF begins by identifying general criteria that each research topic should
meet: “Identified topics must meet a societal need at scale, be built upon foundational
research, and be suitable for a multidisciplinary, convergence research approach.”39 NSF then
asks the research community for its suggestions and follows these discussions by organizing and
funding workshops (meetings) to explore a few of the most promising ideas. Workshop
participants ask the questions listed above – about whether research in a particular field would
meet a societal need, build on earlier research, and be suitable for multidisciplinary work. Using
information from the workshops and other sources, the NSF program directors will select
research topics for the next year and will issue a solicitation (request for proposals). Finally, NSF
officials will recruit “peer-review” committee members from several academic disciplines and
perhaps from industry as well as from universities to help evaluate proposals.
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National Science Foundation, “About OIA,” https://www.nsf.gov/od/oia/about.jsp.
NSF websites.
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National Science Foundation, “NSF Convergence Accelerator,” https://www.nsf.gov/od/oia/convergenceaccelerator/.
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Technology transitions from this program. The Convergence program is very new, but its
design has some promising features that should encourage and help technology transitions. It is
multidisciplinary, it focuses on questions of national importance, and winning teams are
supposed to talk with potential users of the research, including companies.
However, there are also some limitations. First, the funding awards so far are quite small. Also,
the technology readiness levels of these university-developed technologies are likely to be low
(TRL 1 or 2, perhaps a few at TRL 3). This situation means that someone will need to pay for and
conduct additional R&D to develop and demonstrate working prototypes before these new
technologies are ready for actual commercialization.
Metrics and evaluation. Winners of these initial awards from the Convergence Accelerator are
eligible to apply for larger Phase II awards, and NSF says that:
Phase II proposals must describe clear deliverables that will be produced in two years of
effort and the metrics by which impacts will be assessed. The Phase II teams must
include appropriate stakeholders (e.g., industry, Institutions of Higher Education (IHEs),
non-profits, government entities, and others), each with a specific role(s) in facilitating
the transition of research outputs into practical uses. Successful proposals will be
funded initially for one year. Each team’s progress will be assessed during the year
through approximately six virtual and in-person meetings with NSF program staff. The
overall progress will be evaluated at the end of one year, based on a report and
presentation that the team will make to a panel of reviewers. Teams that show
significant progress during the first year, in accordance with the agreed timetable of
milestones and deliverables, will receive funding for a second year. Teams should plan
on completing the effort within two years; no-cost extensions will be authorized only in
extraordinary circumstances.40
Therefore, each team applying for a Phase II award must state its proposed deliverables and
metrics. However, it is not clear how much any team can accomplish in only two years, which is
the amount of time NSF proposes to give each team. (DARPA projects, by contrast, usually last
three to five years.)

THE ACTIVATE FELLOWSHIP PROGRAM
Program design and history. Activate is a non-profit organization that works with two federal
laboratories to provide two-year fellowships, laboratory space, and mentoring to young
scientists and engineers who want to become entrepreneurs. In particular, Activate supports

40

National Science Foundation, “NSF Convergence Accelerator Phase I and II,” Program Solicitation NSF 20-565,
page 2, https://www.nsf.gov/pubs/2020/nsf20565/nsf20565.pdf.
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young entrepreneurs who want to commercialize new technologies in the physical sciences and
engineering.
The fellowship program began in 2015 at Lawrence Berkeley National Laboratory (“Berkeley
Lab”), a DOE laboratory operated by the University of California and located next to the UC
Berkeley campus. Berkeley Lab created a division called Cyclotron Road to select the fellows
and provide them with laboratory space and mentoring. (Berkeley Lab began in the 1930s with
research using cyclotrons, which is where the name Cyclotron Road came from.) As part of this
program, Berkeley Lab created a non-profit organization within Cyclotron Road that could
legally accept money from government agencies and private companies to fund the fellowship
program. Later, this non-profit organization separated from Berkeley Lab and became Activate,
but today Activate and Berkeley Lab’s Cyclotron Road division jointly operate the Berkeley Lab
fellowship program.
Activate now also has a second office in Boston and has created a second fellowship program,
in partnership with MIT’s Lincoln Laboratory, a laboratory funded by the Department of
Defense. In July 2020, Lincoln Laboratory welcomed its first group of fellows. Activate helped to
select the fellows, and Lincoln Lab has provided them with laboratory space and mentorship.
DARPA is providing the funding. A statement from Lincoln Lab explains its fellowship program:
Turning science and engineering innovations into useful products and services that
enable a secure, prosperous, and resilient society has never been more important, but it
has always depended on visionary leaders.
That is why Lincoln Laboratory is pleased to welcome its first cohort of entrepreneurial
research fellows funded by the Defense Advanced Research Projects Agency (DARPA)
and managed by Activate, a nonprofit that works with government, philanthropic, and
industry partners to support scientists and engineers as they commercialize hard
technology advances.
The fellows will be embedded at Lincoln Laboratory for two intensive years to learn the
fundamentals of building a startup while also advancing their research into prototypes
and making vital connections to funders and other key partners. Benefits of the
fellowship include the chance for fellows to work side by side with Lincoln Laboratory
technical staff, leverage the vast resources at the Laboratory, and engage with the MIT
innovation ecosystem.
Hosting Activate fellows at Lincoln Laboratory aligns with the Laboratory's commitment
to rapidly spinning out new technology to benefit national security. The partnership
development with Activate, which has been in the works for more than a year, has been
led by the Lincoln Laboratory Technology Ventures Office and Advanced Technology
Division.
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A team from Lincoln Laboratory and Activate, which included market, finance, and
technology experts, evaluated more than 120 different company applications to identify
11 finalists. After evaluating the finalists' oral presentations and proposed project
development plans, the team selected five fellows (across four startups) to join Cohort
2020 and embed with the Laboratory.
DARPA's Microsystems Technology Office sponsors the fellows on the basis of their
work's potential to create far-reaching improvements in advanced electronics by
utilizing Lincoln Laboratory's world-class capabilities in design and fabrication.41
Because the program provides two-year fellowships, laboratory space, and long-term
mentoring, it may become a particularly effective model for helping young entrepreneurs to
create companies that turn laboratory inventions into commercial products.
Activate receives funding from Berkeley Lab, Lincoln Laboratory, DOE, DARPA, and several
companies and philanthropic organizations. Details about Activate are available on its
website.42 A recent paper by Ilan Gur, Activate’s founder and Chief Executive Officer, and two
colleagues explains the Activate model and proposes ways to expand it to help additional
entrepreneurs.43
Program management. As mentioned earlier, the Activate fellowship program is managed
jointly by Activate’s leaders and officials from the two laboratories. The leadership team has
deep experience in research, technology development, and entrepreneurship. Ilan Gur, for
example, has a PhD in chemistry from the University of California, Berkeley, and started his own
company before founding Activate. He and his team select fellows and raise money to fund the
fellows and their research. At Berkeley Lab, the Cyclotron Road officials then help those fellows
get laboratory space and other assistance.
The current director of Cyclotron Road is an associate professor of nuclear engineering at UC
Berkeley. (Several professors at UC Berkeley also hold positions at Berkeley Lab.) Before
becoming the director of Cyclotron Road, she took a “leave of absence” (temporary departure)
from UC Berkeley and served as a program director at the U.S. Advanced Research Project
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Agency-Energy (ARPA-E). So, she has practical experience in helping researchers develop new
and useful energy technologies.44
Technology transitions from this program. Activate is a new program, so we do not know how
successful it is. But its fellowship program has led to some early results. However, the program
is designed to help young entrepreneurs take ideas usually at TRL 1 or 2 and convert them to
TRL 3 or even 4 – levels where venture capitalists and other investors might be willing to
provide further funding.
According to the Activate website, the group of Berkeley Lab fellows from August 2018 to
August 2020 has so far completed 16 laboratory-scale prototypes and demonstrations and five
commercial or pre-commercial prototypes. They have also met with 175 different
organizations, including companies, and forged more than 12 corporate partnerships.45
Metrics and evaluation. For Activate, two key metrics are (1) the number of pre-commercial
and commercial prototypes that Activate fellows create, and (2) how many successful products
the fellows can eventually create or contribute to. It will take several years to know whether
the program is a success or not. But, again, its emphasis on supporting and mentoring young
entrepreneurs is a promising effort.

DARPA’S EMBEDDED ENTREPRENEUR INITIATIVE
Program design and history. In 2019 the Defense Advanced Research Projects Agency (DARPA)
created a new program – the Embedded Entrepreneur Initiative (EEI) – to help DARPA-funded
research teams, and the small businesses that these teams create, to commercialize their
technologies.
This new initiative began in the DARPA office that manages the agency’s Small Business
Innovation Research Program (SBIR) and Small Business Technology Transfer Program (STTR).
The SBIR/STTR office called its initiative a “commercialization accelerator.” 46 Soon afterwards,
however, DARPA expanded the program to include commercialization assistance to all research
teams and small businesses funded by DARPA, whether they were in the SBIR/STTR program or
not. The newer initiative is the EEI, and DARPA now has an EEI office that operates it.47
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The initiative’s title describes its most important activity. It offers DARPA-funded research
teams and small companies the opportunity to “embed” (place) an experienced entrepreneur
or other business expert into a company, at DARPA’s expense. That person then helps the
research team develop business plans and to commercialize it technology.
DARPA’s mission is to develop breakthrough technologies for national security, so it wants the
researchers and companies it funds to convert new technologies into useful products and
services, especially products and services that DoD or its large defense contractors want to buy.
So, a program to help DARPA-funded researchers commercialize their work fits well into the
agency’s mission.
The creation of the EEI also reflects what DARPA and other federal agencies have learned over
the years about how best to help small technology firms. In fact, commercial assistance
programs at federal agencies have gone through several phases in recent years. Many of these
changes were created first in SBIR/STTR programs, and now agencies can use them to help all of
the small firms that the agencies fund.


Business classes. Congress passed the SBIR law in 1982, and agencies received
permission to use small amounts of money to hire consulting firms that provided shortterm business training to SBIR winners. In particular, the consultants conducted brief
classroom training to help the leaders of small companies develop business plans –
plans that define a company’s potential markets, identify potential customers, identify
potential investors, and establish a schedule for developing and selling products.



Mentoring programs. This consulting was helpful to firms, but because it was shortterm it had limited benefits. So, a next step at some agencies was to arrange more indepth mentoring. Agencies experimented with different types of mentoring programs.
For example, NSF created the Innovation-Corps Program (I-Corps), which funds
university programs to train interested professors and graduate students (and not just
SBIR firms) in business methods. DARPA chose a different approach: it created its own
mentoring office and hired experts experienced in both engineering and business. Small
firms could then turn to these mentors for advice and assistance.



Combining mentoring with other services. Mentoring is of course valuable, but the EEI
that DARPA created in 2019 provides two additional services. We have already
mentioned the first service: the EEI offers funding to research teams (teams that
operate small firms or might want to start small firms) so that these teams can hire
experienced entrepreneurs or other business people to work inside the companies. This
step provides firms with valuable, longer-term business advice. The EEI uses a term from
Silicon Valley: “entrepreneur-in-residence” (EIR), which means an experienced
entrepreneur who resides in a company for a year or more. Second, the EEI office
created a “Transition Working Group,” comprised of experienced private-sector
investors and corporate executives, to help small firms obtain further funding and
partner with larger firms. (Partnerships with large firms are particularly important in the
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defense world. DoD contracts primarily with large defense companies, so working with a
large contractor is a good way for a small company to sell its technology to the military.)


Connecting small firms to additional assistance. In February 2021, DARPA’s EEI took
one further step to help small firms commercialize their technologies. DARPA
announced that in order to expand the number of research teams that the EEI can help,
DARPA will partner with IQT Emerge, a new part of In-Q-Tel, the Silicon Valley-based
venture capital company funded in part by the U.S. Central Intelligence Agency (CIA). 48
In-Q-Tel is an unusual but successful effort to fund small high-tech firms whose products
may be useful to the U.S. intelligence community. DARPA’s partnership with In-Q-Tel’s
IQT Emerge unit will provide DARPA-funded research teams and small companies with
access to In-Q-Tel’s private investors, business experts, and affiliated companies, and
will enable the EEI to help more firms.49

The EEI therefore is the product of many years of thought about how best to provide effective
business assistance to small federally-funded research teams and the companies that these
teams create. The EEI website provides this summary of its current services:


An average of $250,000 in non-dilutive funding [funding that does not require the
company to give up stock] to hire a seasoned entrepreneur or business executive for 1
to 2 years with the goal of developing a robust go-to-market strategy for both defense
and commercial markets



Dedicated commercialization mentors with extensive private sector experience



Engagement with DARPA’s private sector Transition Working Group composed of toptier U.S. investors and corporations key to scaling and supply chain development50

Program management. The EEI has its own dedicated office at DARPA, staffed, as mentioned,
by people who are both technically trained and experienced in business development. Also,
however, the EEI office works closely with the rest of DARPA, and this relationship brings three
important advantages for the EEI staff and the research teams that it serves.
First, DARPA focuses on technology development programs and not primarily on basic research.
As a result, its R&D “performers” (contractors) usually conduct R&D that has higher technology
readiness levels than, for example, NSF-supported basic research. This fact means that
48

The name “In-Q-Tel” is deliberately humorous. The “In-Tel” part refers to the intelligence community. The “Q”
part refers to Q, the fictional engineering genius in the James Bond movies. However, despite its name In-Q-Tel is a
genuine venture capital firm. Information about In-Q-Tel is available at: https://www.iqt.org/.
49
The press release announcing EEI’s new partnership with In-Q-Tel is: Defense Advanced Research Projects
Agency, “DARPA Launches Entrepreneurial Initiative to Propel over 150 Cutting-Edge National Security Innovations
to Market,” February 23, 2021, https://www.darpa.mil/news-events/2021-02-23a. The new IQT Emerge part of InQ-Tel is, the website says, “focused on commercializing technology innovation from U.S. government-funded R&D
initiatives to support the mission needs of the U.S. national security community.” It’s mission therefore fits well
with DARPA’s goal of creating new technologies for national security.
50
DARPA, “The Embedded Entrepreneurship Initiative,” https://eei.darpa.mil/.
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generally DARPA-funded researchers are closer to commercialization than researchers funded
by some other federal R&D agencies.
Second, the EEI staff work closely with DARPA’s program managers, who have great knowledge
about the research teams that they fund and the technological potential of the R&D conducted
by these teams. Therefore, the program managers can help the EEI office identify promising
opportunities.
Third, and related, DARPA’s leaders and program managers have close ties to military officers –
officers who can tell DARPA what types of new equipment would be valuable to the military.
So, when a DARPA program manager sees that a small firm has good technology that DoD
might one day want to buy, that program manager can notify both the company itself and the
EEI office about this potential business opportunity.
Technology transitions from this program. DARPA’s Embedded Entrepreneur Initiative is still
new, so we do not yet know if it has succeeded. In two or three years, DARPA will be able to
evaluate this new initiative. However, the EEI is a promising step in helping small companies
commercialize their technologies. In particular, DARPA-funded projects are typically produce
technologies at TRL 3, 4, or even 5, which means that the research teams already have
technologies that may interest business executives and investors.
Metrics and evaluation. DARPA will ask whether the small that receive help from the EEI are
more successful at commercialization than firms that did not receive this help.

CONCLUSIONS
Technology transition – the process by which new technology is converted into useful products
and services – is a complex, expensive, and often difficult activity. In the United States, the
Department of Agriculture and the Department of Defense have long experience with the
process of transition, and since the early 1980s other government agencies have also learned
much about how transitions occur and which government policies and programs can help the
process.
This report now presents general conclusions about how technology transitions from federallyfunded R&D occur within the U.S. national innovation system, and some conclusions about the
challenges that the U.S. currently faces.
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FEATURES OF R&D ORGANIZATIONS THAT HELP OR HINDER TRANSITIONS OF
TECHNOLOGIES FROM THESE ORGANIZATIONS
In the United States, certain features of (1) federal R&D funding and (2) other features of the
overall U.S. “innovation ecosystem” help or hinder the process of technology transition. The
analysis in this report suggests that several features of the U.S. system are particularly
important:


Types of federal R&D and associated TRLs. The types of R&D the federal government
funds affect technology transitions. Basic research in universities and government
laboratories is important, for example, but by itself creates technologies at low TRLs –
technologies that are expensive and risky to develop further. Technology development
organizations create and demonstrate new prototypes at TRL 4, 5, and sometimes 6,
which helps companies that want to turn new technologies into useful products and
services. The U.S. government funds a great deal of basic research, defense applied
research and technology development, and applied research and technology
development in only a few areas (aircraft and space, agriculture, some areas of energy,
and more recently manufacturing institutes). I general, higher TRL technologies make
the process of technology transition easier.



Communication and cooperation between inventors and product developers. In
general, when communication and cooperation between technology inventors and
product developers are easy and frequent, then the technology transition process is
easier and more likely to succeed.



Additional government assistance for the further development of new technologies.
After the government provides R&D funding to universities, federal laboratories,
DARPA-supported researchers, and other organizations produce new technologies, does
the government provide any additional money and other assistance (such as business
training) to help entrepreneurs and large companies raise the TRLs of these new
technologies and thus help with technology transition and commercialization? DoD,
NASA, and sometimes DOE provide further assistance, and the SBIR and STTR programs
also provide some money. But civilian technologies do not always get further assistance.



Private support for the further development of new technologies. Also important are
private venture capital funding and other forms of private help (such as mentoring) for
individuals and companies that commercialize new technologies or use new
technologies to improve existing products and services. As mentioned earlier, venture
capitalists are important but do not want to fund the development of prototypes,
primarily fund companies in only a few technical areas, and fund start-up companies
only in a few geographic regions.

Table 6 on the next page provides a graphical summary of these key features. This table
contains TPI’s best estimates of how much these various features help or hinder technology
transitions in the U.S., based on the information that is available to us.
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TABLE 6. FACTORS THAT HELP OR HINDER TECHNOLOGY TRANSITIONS AT DIFFERENT U.S. R&D INSTITUTIONS
AMOUNT OF INITIAL
FEDERAL FUNDING

TRLs OF THE
TECHNOLOGIES
PRODUCED

COOPERATION
BETWEEN INVENTOR
AND DEVELOPERS

GOVERNMENT
FUNDS FOR
FURTHER
DEVELOPMENT

PRIVATE SUPPORT
FOR FURTHER
DEVELOPMENT

UNIVERSITIES

High funding for basic
research

Basic research (TRL 1-2)

Professors allowed to
help or start firms

SBIR/STTR but little else

Some venture capital
for start-ups

GOVERNMENT
LABORATORIES

Funds for both basic
and applied

Some TRL 1-2, some
higher

CRADAs, but lab
employees usually do
not consult

Little federal funding,
except in energy

Little venture funding
for lab-based ideas

DoD TECHNOLOGY
DEVELOPMENT

Good funding for
DARPA and other tech
agencies

DARPA primarily
produces technologies
at TRL 3-5

Cooperation generally
high; DARPA creates
tech communities

Military services fund
transitions

Some private funds to
develop DARPA tech

CIVILIAN TECH
DEVELOPMENT

High for energy,
aerospace, agriculture;
low for others

R&D in these areas is at
TRL 1-5

Researchers can work
with firms to develop
technologies

SBIR, plus some funds
for technology
demonstrations

Venture funding mostly
software & medical
devices

MANUFACTURING
INSTITUTES

Federal funding is
temporary

TRL 2-3

Good university-firmgovt lab cooperation

No further federal
funding at this time

Firms may invest in
manufacturing
technologies

AI/QUANTUM
INSTITUTES

Newly funded; longerterm funding unclear

TRL -1-2 and maybe
some 3

Companies allowed but
unclear how many will
join

No further federal
funding at present time

Large firms may invest
in the technologies

HIGH LEVEL
(HELPS TRANSITIONS)
MEDIUM LEVEL
LOW LEVEL
(HINDERS TRANSITIONS)
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The table includes several important points that we discussed earlier in this report and that we
can repeat here:


University researchers. University researchers play a complex role in U.S. technology
transitions. They produce important new discoveries and inventions (which create new
basic technologies); but the TRLs of these new technologies are low (which makes it
hard to directly transition them into new useful products and services). U.S. universities
allow their professors to consult with companies and even start their own firms (which
helps with communication and the transition process), and the universities train
graduate students who often go to work for companies (which also help
communications and transitions). However, beyond SBIR and STTR grants the
government provides little money to professors to help them further develop their
technologies (which hinders transitions). In addition, as Table 2 of this report shows,
most private venture capital money for start-up companies – including start-ups created
by professors – goes to only a few sectors, particularly the Internet, mobile
communications, other software, and healthcare. These venture capital firms invest
relatively little money in new companies that develop industrial technologies, such as
technologies for manufacturing, clean energy, and new materials.



Government laboratories. Some government laboratories conduct primarily basic
research, such as the laboratories funded by DOE’s Office of Science. While these
laboratories conduct high-quality basic research and occasionally conduct joint research
with companies or allow companies to use their specialized facilities, these basic
research laboratories play only a small role in overall U.S. technology development.
Laboratories that conduct applied research are more helpful to industry; an example in
the energy field is DOE’s National Renewable Energy Laboratory. As mentioned earlier,
laboratory employees usually need special permission before they can consult for
industry, a situation which also limits the ability of laboratories to share their knowledge
with companies. Compared to universities, government laboratories train few students,
which also limits the transfer of knowledge to private industry. Finally, very little
government funding is available to help companies or laboratories to further develop
laboratory technologies in ways that lead to new commercial products and services.



Government technology development agencies. These agencies make a major
contribution to the creation and demonstration of new technologies. They also help
create of groups of researchers who understand these new technologies and can help
both government agencies and private companies convert the technologies into useful
applications. DARPA is the most famous technology development agency, but, as this
report has discussed, other technology development offices exist in DOE, NASA, and the
Department of Agriculture. Similar offices are not available to create high-TRL
technologies in other fields of commercial technology – although the government has a
new initiative in manufacturing technology, as discussed in the next paragraph.



Manufacturing institutes. These 14 Manufacturing USA institutes are an important
experiment. They focus on creating and demonstrating valuable new technologies, and
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by including companies as well as universities and federal laboratories they improve
communication. However, their federal funding is only temporary (under current federal
laws), and even today there is no additional federal money beyond institute funding to
further develop institute-created technologies and raise their TRLs.


AI and quantum information science centers and institutes. We do not know yet
exactly how many companies will participate in these new NSF and DOE-funded
institutes, and we do not know yet the TRLs of the new technologies that they will
create. Also, currently the federal government does not provide additional funding
available to further develop these technologies – except for the possibility of additional
DoD funds. This lack of further funding may hinder the full transition of new
technologies into useful products and services.

CHALLENGES THAT THE U.S. FACES
The analysis in this report suggests that the U.S. processes for converting government-funded
technologies into useful products and services has several strengths. In particular, basic
research is often very good, university professors and graduate students help large firms and
also start their own companies, DARPA and several other federal technology development
organizations help create valuable high-TRL technologies, the private venture capital industry
helps many companies, and the Manufacturing USA Institutes are promising experiments that
may help American manufacturing companies improve both products and their production
processes.
However, the U.S. technology transition process also faces some significant challenges. The lack
of federal funding to develop many types of civilian technologies – those beyond energy,
aerospace, and agriculture – hinders the ability of both researchers and companies to convert
new university or federal laboratories technologies into first working prototypes and then
actual commercial products and services. Similarly, while the private venture capital industry
helps many new companies, most of these are in a few areas such as software and medical
devices. New companies trying to develop other types of technologies often struggle for
funding. Moreover, only a few regions of the U.S. have significant venture capital and high-tech
entrepreneurship. If the United States wishes to improve the number of new technologies that
companies successfully transition into useful applications, then federal policy-makers will need
to address these challenges.
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GOVERNMENT POLICIES FOR TECHNOLOGY TRANSITION
In the United States, one important lesson is that several types of policies aid the transition of
federally-funded research into commercial products and services, including federal funding
amounts and priorities, technology licensing laws, cooperative R&D between researchers and
companies, and government and private assistance to new entrepreneurs.
A second important lesson is that policy experts and government officials should continue to
study how technology transition works and should continue to experiment with different policy
measures to help the process.

