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FOREWORD

Since its creation in 1958, the National Aeronautics and Space Administration (NASA) has
developed a wide range of important technologies that the private sector has commercialized.
These include such essential aspects of modern life as small computers, cellular communications,
and lightweight and heat resistant materials. Despite these past contributions, NASA has not
been as successful with its recent technology transfer efforts due to organizational changes,
budget difficulties, and a lack of program focus. Equally important, private industry and
universities often are the leaders in many technologies that NASA needs for its missions, which
is a fundamental change from prior decades. Managing effectively in this new environment
requires a different approach to technology transfer and a different set of skills.

The Innovative Partnerships Program (IPP) is responsible for NASA’s technology transfer
efforts. 1n 2004, |PP shifted its primary focus from commercializing NASA'’ s technology (* spin-
out”) to a much greater emphasis on bringing technology from the private sector into the agency
to meet mission needs (“spin-in"). NASA asked the Academy to conduct an independent review
of the technology transfer function and determine how it should be organized to maximize
benefitsto NASA and the nation as awhole.

The Panel overseeing this Academy study recommends that the NASA Administrator make a
stronger leadership commitment to technology transfer by establishing it as a core element of the
agency’s mission and moving the function to the Administrator's office.  The Panel’s
fundamental conclusion is that technology transfer is destined to fail so long as it is viewed
solely as the responsibility of an isolated group of IPP officials.

The Academy was pleased to undertake this study. | want to thank the Academy Fellows and
other experts who served on the Panel. Their insights and guidance were excellent. | aso thank
NASA executives, staff, and other stakeholders for their time and cooperation. Finally, | extend
my appreciation to the study team for its hard work and diligence in producing this important

report.
o g

C. Morg inghorn
President
National Academy of Public Administration
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EXECUTIVE SUMMARY

For the last half of the twentieth century, the National Aeronautics and Space Administration
(NASA) was among the most successful organizations in history in developing new technology
and making it available to both the private sector and other government organizations. Small
computers; cellular communications; lightweight, heat resistant materials; telemedicine, and a
broad spectrum of everyday products have all benefited from NASA research and development.

Technology transfer was mandated as a NASA responsibility in the National Aeronautics and
Space Act of 1958. National leaders recognized that NASA would be heavily involved in
creating technologies to achieve the agency’s ambitious missions and that these technologies
could have enormous consequences for the nation’s economy. The NASA Administrator was
required to provide the widest practicable dissemination of results of NASA’s activities and to
protect inventions to which NASA has title. Since then, Congress has crafted legislation
designed to further protect federally developed intellectual property while at the same time
making these innovations broadly available to benefit the nation.

For a number of reasons, NASA’s current technology transfer programs are operating in a
fundamentally changed environment from those earlier days and are not nearly as successful:

® The private and university sectors of the economy now conduct much more research and
development (R&D) than the federal government, and often are the leaders in many of
the technologies that NASA needs for its missions.

® Theissues of technology and technology transfer are multi-national, and the devel opment
of space-related technologies has been globalized. The Apollo mission was essentially a
U.S.-driven effort; today the International Space Station is an effort conducted by 16
nations.

e Small businesses are an increasing source of innovation for new technology.

e Congress, NASA, and the Office of Management and Budget (OMB) have different
views about how to best accomplish technology transfer. This disagreement plays out
through the budget process and has created significant uncertainty about the program
throughout NASA’ s technology transfer network.

e Organizations in the technology transfer network operate at the margins of the agency’s
overall operations, lack executive support, and are likely to be at odds with each other.

® Thetechnology transfer program has recently undergone major changes. In FY 2004, the
Commercial Technology Program was terminated, and the program’'s emphasis was
changed from a primary focus on diffusion of technology to the private sector (“spin-
out”) to a much greater focus on the infusion of technology into the agency to help meet
mission requirements (* spin-in”).
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In January 2004, the Academy was asked by NASA to conduct an independent review of its
technology transfer function and this report is a result of that study. While the report speaks to
technology transfer in a broad context, the specific organization at the center of this study is the
Innovative Partnerships Program (IPP). The overall goa of the study is to give al the
stakeholders a common understanding of how NASA’s technology transfer function” should be
organized to obtain the maximum benefits for the nation.

The Panel and study team were impressed with the knowledge and commitment of the NASA
staff they interviewed both in headquarters and in the field centers. Without their help, this study
would not have been possible. An important overall observation from this study is that the
technology transfer system in NASA has good people working in an environment that makes it
very difficult for them to be successful.
After conducting areview of NASA’s performance in technology transfer, the Panel found that:

e Most technology acquired by NASA is done outside the IPP.

e NASA lacks a comprehensive strategy for identifying technology needs and
commercialization opportunities.

e The IPP network is fragmented; roles and responsibilities of component organizations
overlap and are unclear.

e There are few technology transfer output measures and no outcome measures, which
blurs accountability for results.

® Programmatic uncertainty is adversely affecting the organization.

e ThelPPisgenerally successful at administrative aspects of technology diffusion; there is
more difficulty in other aspects, such as brokering technology partnerships with the
private sector.

e The PP appears to have avery limited role in technology infusion/spin-in.

e Stakeholders and NASA managers have expressed significant dissatisfaction with the
complex and lengthy intellectual property process.

® The IPP faces significant constraints—low agency priority, conflicting stakeholder views,
declining budgets and staffing, and more.

The IPP as currently structured is not as successful as it could be in obtaining technology to meet
mission requirements or in identifying commercia opportunities for NASA-generated

" The technology transfer function includes the IPP program and other processes that contribute to technology
transfer, such as the Small Business Innovation Research Program (SBIR) and Small Business Technology Transfer
(STTR).
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innovations. The ultimate outcome is a program that meets neither the agency’s needs nor
stakeholder and public expectations. If NASA chooses to strive for excellence in technology
transfer, mgjor changes are needed.

The Academy Panel provides the following recommendations on the roles and responsibilities of
the various entities involved with an awareness of the changes now underway at NASA. The
Panel’s goal is to support these changes where it can and offer suggestions that may further
enhance the chances of success:

Recommendation # 1: L eader ship Commitment

The NASA Administrator should support an agency-wide technology transfer effort by
establishing that technology transfer is a core element of the agency’s mission that requires the
attention and support of NASA’s leadership team, relevant program officials, and maor
contractors.

Recommendation # 2: Organizational L ocation

The headquarters technology transfer office and the programs under it should be relocated to the
Office of the Administrator in order to give special emphasis to this agency-wide responsibility
and to begin holding executives accountable for this function.

Recommendation # 3: Roles and Responsibilitiesfor Spin-In

The associate administrators for each mission directorate, supported by the center directors and
program heads in the centers, should be held responsible for making better use of technology
outside NASA—both through acquisition and through partnerships—to meet the agency’s
mission needs.

Recommendation # 4: Roles and Responsibilities for Spin-Out

NASA should make the center directors responsible for the spin-out aspects of technology
transfer, with the understanding that centers will support staffing and activities beyond those
funded by headquarters.

Recommendation # 5: The External Networ k

The national network should be reformulated and streamlined to provide a more effective vehicle
for program implementation.

Recommendation # 6: Websites and | nformation Systems
NASA should improve its websites and provide one easy-to-use portal for all technology transfer
activities. The headquarters technology transfer office should also work with appropriate

technical support to develop an integrated information system to automate its business
operations, using an upgraded NASA Technology Transfer System (NTTS) as the base, and

XVii



make it the standard means for information reporting and information management throughout
NASA for technology transfer.

Recommendation # 7: The Timeliness of the Intellectual Property Process

The headquarters IPP office, in cooperation with the Office of General Counsel, should develop
processing-time performance standards for patent applications, licenses, and partnership
agreements.

Recommendation # 8: Performance Metrics

NASA should develop a comprehensive system for evaluating its technology transfer efforts that
utilizes a balanced scorecard for measuring outputs, assesses the long-term economic and social
impacts of NASA technology transfer, and establishes individual performance standards for all
officials who have arole in technology transfer.

For most of these recommendations, the Panel lists in Chapter 4 specific actions NASA should
take to implement them.
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CHAPTER 1

INTRODUCTION AND BACKGROUND

Technology transfer has been a mandated program for the National Aeronautics and Space
Administration (NASA) since Congress created the agency through the Space Act of 1958 On
its website NASA observes that it has “accomplished many great scientific and technological
featsin air and space. NASA technology also has been adapted for many non-aerospace uses by
the private sector.”?

In 2004, the technology transfer program underwent significant changes. The Commercial
Technology Program was terminated and replaced with the Innovative Technology Transfer
Partnerships program (ITTP), which was subsequently renamed the Innovative Partnerships
Program (1PP).2 Because of recent budget constraints, the President’s Moon and Mars Initiative,
the Office of Management and Budget’s (OMB) concerns about the effectiveness of NASA’s
commercialization efforts, and the fact that the private sector now conducts more R&D than the
federal government, the program’s focus has been shifted. Initialy, its primary focus was on
commerciaizing NASA-developed technology. Now its primary focusis to identify technology
outside NASA—in private companies and universities—that the agency’'s scientists and
engineers can use in their mission-related projects. IPP is still expected to meet its legislatively
mandated spin-out requirements.

In February 2004, NASA and OMB requested that the National Academy of Public
Administration (the Academy) conduct an independent external review of NASA’s technology
transfer effort. This request is part of OMB’s efforts to periodically assess the value and
effectiveness of government programs. The overall goal of the study is to give each of the
stakeholders a common understanding of how NASA’s technology transfer function* should be
organized to obtain the maximum benefits for the nation.

STUDY GOALS, ISSUES,AND METHODOLOGY

This study was directed and overseen by a six-member Panel consisting of Academy Fellows and
outside subject matter experts; the project study team consisted of staff from the Academy and
the Logistics Management Institute (LMI). The study was conducted in two phases. The focus
of Phase | was on the current organization of NASA’s technology transfer program; legidative,
policy, organizational, and administrative constraints, and effective practices in other
government agencies and private industries of relevance to NASA. The focus of Phase Il was on
the organizational structure that can best support both spin-in and spin-out activities, legislative

! 1958 Space Act, Section 305 (42 U.S.C. Sec. 2457).

2 NASA History Office Page. 8 August 2004. <http:/history.nasa.gov/>

% The program name change took place during the course of this study, and for ease of understanding, the acronym
IPP will be used in this report to refer to the technology transfer network.

* The technology transfer function includes the IPP program and other processes that contribute to technology
transfer, such as the Small Business Innovation Research Program (SBIR) and Small Business Technology Transfer
(STTR).



and policy changes required to achieve the technology transfer mission, and the short- and long-
term performance measures for assessing the program.

The Panel released a Phase | report in May 2004 that observed the following:

Most technology acquired by NASA is done outside the IPP.

NASA lacks a comprehensive strategy for identifying technology needs and
commercialization opportunities.

The IPP network is fragmented; roles and responsibilities of component organizations
overlap and are unclear.

There are few output measures and no outcome measures.
Programmatic uncertainty is adversely affecting the organization.

IPP is generally successful at administrative aspects of technology diffusion; there is
more difficulty in other aspects, such as brokering partnerships.

| PP appears to have a very limited role in technology infusion.

Stakeholders and NASA managers have expressed significant dissatisfaction with the
intellectual property process.

| PP faces significant constraints.

Study M ethodology

In addition to a wide range of background research and document reviews, the Panel and study
team met with officials from the following:

NASA Headquarters. An initial set of briefings from headquarters officials on
major elements of the technology transfer program was received at the beginning of
the study. Officias in the IPP, the Office of the General Counsel, and several
mission directorates were also interviewed over the course of the study.

Congress and OMB. Key congressiona staffers and OMB officials were
interviewed to gain an understanding of their expectations for NASA’s technology
transfer program.

Field Visits. Extensive fieldwork was conducted for this study. Members of the
Panel and study team visited 9 of the 10 centers,® the National Technology Transfer
Center, each Regional Technology Transfer Center, and the Research Triangle
Institute.

®> The Panel held one of its meetings at Johnson Space Center.



e Other Federal Agencies, Univerdities, and Private Industry. For the best practices
portion of this study, interviews were conducted with officials from 11 federal agencies:
the Department of Energy (DOE), Department of Agriculture (USDA), Department of
Commerce (DOC), U.S. Geological Service (USGS), Department of Defense (DaD),
Department of the Air Force, Department of the Navy, Environmental Protection Agency
(EPA), the National Institutes of Health (NIH), and the National Cancer Institute (NCI).
To learn about effective practices in academia, the team focused on six large research
universities considered to be among the top performers of university technology transfer:
Harvard University, Massachusetts Institute of Technology (MIT), University of
Michigan, Columbia University, University of Wisconsin (technology transfer performed
by the Wisconsin Alumni Research Foundation) and University of California at Los
Angeles (UCLA).

| ssues Considered by the Panel

In assessing the results of the research and field visits performed by the Panel and study team,
the Panel was mindful of severa key issues the study was designed to address. These issues are:

1. How aggressively should the technology transfer network market NASA
innovations? The relevant laws require NASA to protect its intellectual property, make
known technol ogies with potential public and economic benefit, and work with interested
parties who wish to exploit these technology opportunities. However, it appeared that
NASA and its contractors were aggressively marketing some technologies, sometimes
with little or no positive result. With limited and declining program resources and the
new emphasis on infusion, where should the line be drawn between providing knowledge
of the opportunities and selling those opportunities to potential buyers?

2. What, really, should be the technology transfer offices rolein spin-in? The study’s
scope of work statement asked the Panel to address the following questions: (1) what are
some of the key lessons learned in designing good spin-in and spin-out programs, (2)
how large are typical budgets for spin-in and spin-out, and (3) what type of
organizational structure will best support the “spin-in” program? Again, with limited and
declining resources and the existing statutory requirements centered on spin-out, are these
program offices in a good position to play a maor role in meeting NASA'’s technology
needs?

3. Should technology transfer be centralized or decentralized? The study team’'s
research reveds that, until recently, NASA headquarters provided only limited and
somewhat ineffective program direction and oversight, while the field center technology
transfer offices had a lot of autonomy and some independent funding sources to meet
program goals in the differing environments at each center. Now the thrust is toward
centralization, specific goals for each center office, and more accountability in an
environment where headquarters-provided funds are still limited. As discussed below,
the Panel found opportunities both to centralize and decentralize at the same time.



4. Do opportunities exist for improved websites and more effective information and
communication mechanisms? With resources stretched thin and a network spread
across the United States, is NASA taking full advantage of modern electronic means of
communication and data processing? The answer appears to be “no” but promising
opportunities do exist, and a lot has aready been accomplished to put the needed systems
in place to fully automate work processes and enhance communications.

5. What are the sKkill requirements needed for spin-in and spin-out? The study team’s
research indicated that the skill requirements overlap, but they do differ, depending on
whether the task is technology infusion or diffusion. Infusion requires an ability to be
credible with both the innovators and technologists in NASA and private-sector
companies and innovators of potential value to NASA, and to serve as an effective go-
between.  Diffusion, by contrast, is more process oriented and involves legd
requirements for patenting and licensing internally generated innovations.

6. How can the rest of NASA become involved in technology transfer? The Panel’s
Phase | presentation to OMB and NASA said, “technology transfer is everyone's job in
NASA.” The function was little considered by NASA program officias, and some did
not even know atechnology transfer office existed at their centers. However, without the
cooperation and support of line officials in NASA and its mgor contractors, many
innovations would not get reported or acted on. Staff would be unwilling to cooperate
with technology transfer staff in defining requirements and taking advantage of
partnership opportunities. The Panel considered what would provide the motivation for
broader participation in an activity that admittedly is peripheral to NASA’s primary
missions in space and of little direct benefit to the programs.

7. How much organizational change would be required to maximize benefits to the
nation? Reorganizing any entity is usually time-consuming and disrupts ongoing
program operations. Technology transfer has been shuffled around to different
organizations with different program thrusts and generally had low priority wherever it
landed. The network has taken years to create, whatever its limitations, and further
change could be both disruptive and expensive. The Panel tried to fashion
recommendations that would minimize this inherent turmoil but respond to the
conclusion that major change is needed if NASA is to achieve excellence in technology
transfer.

WHAT ISTECHNOLOGY TRANSFER?

There is no widely accepted definition of technology transfer. Generally speaking, however,
technology transfer is (1) the sharing of knowledge and facilities among laboratories,
universities, industry, and government and (2) commercializing those ideas in the form of goods
and services.® Inthisvein, the National Technology Transfer Center (NTTC) observes:

® RAND Science and Technology Policy Institute, Technology Transfer of Federally Funded R&D. (Washington,
DC: 2003).



The concept of technology transfer as a practical matter becomes clearer when
one understands what technology transfer is designed to accomplish. For instance,
the purpose of a federa technology transfer program is to make federaly
generated scientific and technological developments accessible to private industry
and state and local governments. These users are then encouraged to develop the
technology further into new products, processes, materials, or services that will
enhance our nation's industrial competitiveness or otherwise improve our quality
of life.

Technology diffusion, termed “spin-out,” is a process by which federally developed technologies
are introduced to outside organizations, evaluated by them, and ultimately adopted in some form.
Technology can be spun-out in two major ways. The first occurs when an agency transmits
knowledge and technical expertise to a private organization or a university. The second occurs
when an outside entity incorporates an agency-developed technology into its machinery,
equipment, or components of a production process.

In a background paper for the Organization for Economic Cooperation and Development, Philip
Shapira of the Georgia Institute of Technology and Stuart Rosenfeld of Regional Technology
Strategies, Inc explain:

Technology diffusion involves the dissemination of technical information and
know-how and the subsequent adoption of new technologies and techniques by
users. In this context, technology includes "hard" technologies (such as
computer-controlled machine tools) and "soft" technologies (for example,
improved manufacturing, quality, or training methods). Diffused technologies
can be embodied in products and processes. Although classic models of
technological development suggest a straightforward linear path from basic
research and development to technology commercialization and adoption, in
practice technology diffusion is more often a complex and iterative process.
Technology can diffuse in multiple ways and with significant variations,
depending on the particular technology, across time, over space, and between
different industries and enterprise types. Moreover, the effective use of diffused
technologies by firms frequently requires organizational, workforce, and follow-
on technical changes.’

Benefits from NASA Technology

A list of technologies developed as a result of the original Moon mission in the 1960s and 1970s
that ultimately found their way into widespread civilian and military use is impressive: high-
energy density propulsion systems, materials that could withstand stresses, re-chargeable
batteries; fuel cells; cellular communications, small computers; micro electronics; cryo storage
and telemedicine; passive and active thermal control devices, mylar, better freon, solid state

" Philip Shapira and Stuart Rosenfeld, “An Overview of Technology Diffusion Policies and Programs to Enhance
the Technological Absorptive Capabilities of Small and Medium Enterprises.” (Background Paper for the
Organization for Economic Cooperative and Development: August 1996).



coolers; lightweight, high-temperature materials, stronger lightweight structures,; better radar;
and coatings and paints that survive sunlight.

NASA continues to develop technologies that benefit the nation, (see Chapter 3) and remains an
important source of innovation and invention among federal agencies. Congress has traditionally
been very supportive of NASA'’s technology transfer program. For example, in a letter to the
OMB Director on January 16, 2004, twenty-two House members from both parties urged
funding for the NASA Commercial Technology Program to be included in the President’s FY
2005 Budget. Emphasizing that life on earth has benefited from an outpouring of space
technology into the fields of health, transportation, computer technology, industrial products, and
many other areas, the House Members said that the program’ s external network® “ensures that all
50 states benefit from the invaluable industry knowledge, market-based insight, and local
interactions with companies and academic resources essential to delivering technology
partnerships that yield benefits to NASA, industry, and the American public.” NASA’S
technology transfer efforts, they concluded, are an economic engine that not only creates jobs
and businesses, but also increases the nation’ s competitiveness internationally.®

ORIGINSAND EVOLUTION OF TECHNOLOGY TRANSFER IN NASA

From its creation in 1958, it was recognized that NASA would be heavily involved in creating
technologies for achieving the agency’s ambitious missions, with Congress mandating in the
Space Act of 1958 that the benefits of NASA-developed technologies be made available to the
civilian sector of the nation’s economy. Specifically, the NASA Administrator is required to
provide the widest practicable dissemination of information concerning results of NASA’S
activities. The Administrator is also required to protect inventions to which NASA has title.
The Agency’s large business contractors are obligated to submit New Technology Reports
(NTR's) of inventions made in performance of contracts with NASA. While the federa
government owns inventions developed under contracts with large businesses, the Act gives the
NASA Administrator authority to waive rights in inventions to large contractors upon written
request for waiver. NASA reserves aroyalty-free license to use these inventions on behalf of the
federal government.

Subsequent amendments to this Act reaffirmed this mandate, but not until the Bayh-Dole Act of
1980 was technology transfer to be aggressively pursued. This Act mandates use of the patent
system to promote the transfer and public availability of inventions arising from federally funded
R&D. Small businesses, universities, and nonprofit organizations are permitted to elect title to
inventions developed with federal funds. However, federal agencies are required to establish
government rights in federally funded inventions. The law further provides government-wide
authority to license government-owned inventions and to monitor and enforce contractor
compliance. It also requires that rights in inventions be documented and recorded in a central

8 This network, discussed in more detail later, consists of the NTTC, six Regional Technology Transfer Centers;
state effiliates, and the Research Triangle Institute.

® In July 2004, report accompanying the House Appropriations Committee bill calls again for restoration of
NASA’s Technology Transfer Program in FY 2005, adding $30 million of funding to the $22 million request
(%6 million less than the $58 million FY 2003 budget, thus not a full restoration).



database. This was a critical piece of legidation. The Economist—one of the most influential
business and political publications across the globe—recently published an editoria entitled
"Innovation's Golden Goose." The piece, which addresses issues affecting academic technol ogy
transfer, asserts:

The Bayh-Dole Act of 1980 is perhaps the most inspired piece of legislation to be
enacted in America over the past half-century. Together with amendments in
1984 and augmentation in 1986, this unlocked all the inventions and discoveries
that had been made in federal laboratories throughout the United States with the
help of taxpayers money. More than anything, this single policy measure helped
to reverse America's precipitous dide into industrial irrelevance.™

A companion act, Stevenson-Wydler, provides that the transfer of federally owned or originated
technology is a national priority and the mission of each federal laboratory. Under this Act, each
federal agency operating or directing a federal |aboratory must have aformal technology transfer
program and must take an active role in transferring technology to the private sector, and state
and local governments. Federal laboratories are also required to set aside a percentage of their
budget specifically for technology transfer activities.

In July 1994, NASA published Agenda for Change, which states that the commercia technology
mission is as important as any mission in NASA. It requires that each NASA program office and
center be responsible for incorporating new commercial technologies NASA contractors develop
during the contract’s life cycle. NASA'’s large business contractors have been required to submit
New Technology Reports (NTRS) that describe inventions developed while performing under
NASA contracts.

The Innovative Partner ships Program

NASA has a headquarters operation and 10 field centers. Nine of these field centers are owned
and operated by the government; the Jet Propulsion Laboratory is owned by the government but
operated by the California Institute of Technology (Caltech). NASA centers employ 17,891 civil
servants, with the majority of positions being scientific and technical in nature. NASA’s annual
budget is $15 billion each year, of which approximately 60% is devoted to research and
technology development.

Under federal law, each federal laboratory with more than 200 employees must have a research
and technology office. In 2004, the component NASA had created to meet this requirement, the
Commercial Technology Program, was terminated and replaced with the Innovative Technology
Transfer Partnerships Program (ITTP), now the Innovative Partnerships Program (IPP). The
mission of IPP is to create partnerships with industry, academia, and other government agencies
to develop and transfer technology in support of the NASA enterprises. The IPP offices oversee
the agency’ s technology transfer partnership programs as well as the Small Business Innovative
Research (SBIR) and Small Business Technology Transfer (STTR) programs. 1PP' s goals are to
reduce NASA'’s technology development life-cycle costs, transfer technology in support of the
agency’s mission, and enhance NASA’s mission technology capabilities.

10 «|nnovation’s Golden Goose,” The Economist (December 12 2002).



The IPP program is a complex organizational network consisting of six major components:

IPP Headquarters. The IPP office in Washington, DC, is responsible for providing
overall policy direction and management to the network. At the beginning of FY 2004,
IPP was housed in Aeronautics; but it was moved to Exploration Systems following that
mission directorate’s creation in March 2004. Within Exploration Systems, IPP isin the
Development Program’s Research and Technology Development Division, reporting to
the program director for Exploration Systems Research and Technology.

NASA Field Centers. Each of the 10 NASA field centers has an | PP office, often called
a Technology Transfer and Commercialization Office. These offices are responsible for
ensuring the reporting of new technologies, making patent recommendations, developing
marketing strategies for NASA technologies, negotiating the license of NASA
technology to outside entities, establishing partnership agreements with private industries
and universities, and communicating NASA commercial successes to the public. Under
NASA Procedures and Guidance 7500.2, the Genera Counsel is responsible for
protecting intellectual property rights in NASA technology assets, and for ensuring that
the transfer of NASA technology and intellectual property conforms with applicable
laws, regulations, and NASA Policies.

National Technology Transfer Center. The NTTC, located in Wheeling, West
Virginia, was established by Congress in 1989 to become a full-service technology
management resource for federal agencies. NASA supports this effort by providing $5.8
million in FY 2003, or over athird of itstotal budget, through a cooperative agreement.
The purpose of NTTC is to identify commercially promising discoveries, market these
discoveries to American industry, and build partnerships to turn inventions into products.

Regional Technology Transfer Centers. NASA has six RTTCs geographically
dispersed around the country: Far West, Mid-Continent, Mid-Atlantic, Midwest,
Southeast, and Northeast. They are intended to serve as the bridge between NASA and
industry by providing information services, technology needs assessments,
commercialization services, and technology marketing. NASA spends approximately $7
million per year for this network, with the funding divided equally between each RTTC.

Research Triangle Institute (RTI1). RTI, International, is a contractor headquartered in
Raleigh, North Carolina, with an expertise in assessing the marketability of new
innovations and connecting technologies to markets. In conjunction with other network
components, RTI identifies technology gaps, matches technology to needs, and assesses
commercial markets. It has a task-based contract with NASA for $2 million each fiscal
year.

State Affiliates. Each RTTC has an affiliate network that taps into private companies
and provides information services; an affiliate organization is present in most states.

1 NTTC has historically received between $5.8 and $7.3 million ayear from NASA.



Affiliates have contacts with universities and companies in their states and regions.
They are intended to increase the visibility of NASA’s technology transfer efforts,
provide an understanding of local and regional needs, serve as advocates of the program,
and work with their RTTC on specific projects.

Figure 1-1 provides avisual depiction of this technology transfer program network.
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Figure 1-2 depicts the current | PP technology transfer process.* As this figure indicates, the IPP
network plays a facilitative role by bringing the resources of NASA and private industry together
to meet spin-in and spin-out goals. With spin-in, NASA’s goal is to adopt new technology from
the private sector that meets the needs of its mission directorates. With spin-out, private
industry’s goal is to access new markets and improve their competitiveness through new
technology originally developed by NASA.

12 | eonard S. Yarbrough, NASA Briefing Slides (IPP Office, August 2004).



Figure 1-2*
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Transferring Technology through Partnership Agreements

The IPP works to transfer technology through partnership agreements that bring NASA and
industry resources together to pursue common research activities. NASA can enter into six
major types of partnership agreements:

Reimbursable Space Act Agreements are agreements for the reimbursable use of
NASA facilities, personnel, expertise, or equipment by a public or private entity that
wants to conduct R&D. Under such an agreement, the outside entity transfers funds or
other financial obligationsto NASA, but NASA cannot transfer any of its own funds. No
goods or services are provided to NASA; the agency provides data, facilities, and
services to the paying party. In support of the technical organization, |PP staff and patent
legal staff facilitate the negotiation of the terms, conditions, and schedule of payment.
Rights to inventions are also negotiated. The field centers are authorized to enter into
agreements involving up to $10 million in reimbursable costs. For larger amounts,
headquarters must give its approval.

B 1bid
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e Non-reimbursable Space Act Agreements are collaborative agreements between NASA
and an outside entity in which the parties agree to contribute such resources as personnel,
use of facilities, expertise, equipment, and technology to a joint R&D effort. No funds
are exchanged; each party funds its own participation under the agreement. In order for
NASA to participate, the proposed activity must be relevant to an agency mission or
program activity, and the other party’s contribution must be adequate relative to NASA'’s.
Field centers are authorized to enter into agreements not exceeding 25 work years of
effort per agreement, or $5 million in equipment and/or facilities. For larger amounts,
headquarters must give its approval.

e Cooperative Agreements are collaborative efforts between NASA and a private sector
partner(s) to stimulate and support innovative new technologies and products for
commercialization. This goal is accomplished through technology research,
development, and/or deployment. For example, NASA and the private company may
agree to jointly fund, research, and develop a high-risk technology for potential dual-use
applications (that is, a technology that both parties can use for their own purposes).
NASA may not use cooperative agreements to procure goods or services; the deliverables
may include technical and status reports, data, and the like. With cooperative
agreements, the private sector partner must provide a cash or in-kind contribution, with
the general target being a least 30 percent. Cost sharing, payment schedules, and other
financial arrangements are negotiable, and rights to patents are controlled by statute.™

e Joint Sponsored Research Agreements are collaborative research and development
efforts authorized by the Space Act. Through these agreements, NASA provides
resources—such as funds, equipment, information, intellectual property, and facilities—
on a shared or pooled basis in order to advance mission goals and transfer the resulting
technology to the private sector. The private partner must provide a cash or in-kind
contribution in reasonable proportion to NASA’s. The cost sharing, payment schedules,
and other financial arrangements are negotiable. The collaborating partner may obtain
title to inventions made under the agreement, with NASA retaining a limited purpose
license for federal government use. With data, the industry partner's proprietary
information is exempt from release under FOIA; NASA’s information may also be
exempt, depending on the circumstances.

e Cost-Shared Contracts provide a direct good or service to NASA. Under this
contractual arrangement, NASA reimburses a portion of alowable costs, with the
contractor responsible for ensuring that overall costs are reasonable and alocable. Rights
to inventions and data are negotiable, subject to the same provisions as Joint Sponsored
Research Agreements.

e SBIR and STTR programs provide federal seed money to small businesses and
nonprofit research institutions to develop technology that meets a NASA mission need.
These programs are funded in three phases, discussed in more detail in alater section.

14 Specifically, titles to inventions remain with the respective inventing parties, with the government obtaining a
license to all subject inventions arising under the agreement.
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e Memorandums of Understanding (MOU) are statements of policy, practice, or
intention on a matter in which both NASA and an outside entity are concerned. No funds
or other resources are exchanged; no goods or services are provided to NASA; and the
terms of the agreement are not legally enforceable.

ORGANIZATION OF THIS REPORT

Chapter 2 identifies effective practices in private industry, universities, and other federal
agencies. Chapter 3 assesses NASA's existing technology transfer programs. Chapter 4 includes
recommendations for how NASA can achieve excellence in technology transfer and
how NASA's programs can be reformulated to become more effective agents as NASA strives to
fulfill its technology transfer mission.
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CHAPTER 2

EFFECTIVE PRACTICES OF GOVERNMENT, INDUSTRY, AND ACADEMIA
AND THEIR RELEVANCE TO NASA

This chapter discusses the challenges faced by other organizations with a mgor interest in
technology transfer and the practices they use to meet those challenges. The chapter presents
data on the outcomes of those efforts and present some possible performance measures to track
the effectiveness of technology transfer activities. Lastly, it discusses how technology transfer
practices used in government agencies, industry, and academia may apply to NASA.

WHY CONSIDER EFFECTIVE PRACTICES OF GOVERNMENT, INDUSTRY,
AND ACADEMIA?

At NASA'’s request, the Academy considered effective practices® as a part of this externa
review because they provide a reference point to determine what NASA could do to improve its
performance in technology transfer. In addition, information about effective practices provides a
context for NASA when considering the opportunities available in technology transfer;
benchmark measures of effectiveness; the people, resources, and processes needed to achieve
excellence in technology transfer; and the benefits that will accrue to NASA if it is successful in
its efforts.

The study team examined other government agencies to understand how organizations operating
under similar legislative and operational constraints meet their challenges and contribute to
achieving their agency missions. Commercial companies were studied in order to understand
how they balance interna research with the need to infuse their organizations with external
innovation. Universities were a useful source for understanding how research organizations with
multiple objectives focus and manage their technology transfer services.

INFORMATION GATHERING

The study team used a variety of methods to gather information about technology transfer
activities in government agencies, industry, and academia. The team interviewed managers and
executives responsible for technology transfer in those organizations, specialists involved in the
day-to-day operations of technology transfer, government researchers that generate the new
technol ogies, and some consultants with experience working across government and industry.

The team conducted extensive interviews with NASA officials and contacted 11 government
agencies. the Department of Energy (DOE), Department of Agriculture (USDA), Department of
Commerce (DOC), U.S. Geologica Service (USGS), Department of Defense (DoD), Department
of the Air Force, Department of the Navy, Environmental Protection Agency (EPA), the National

> NASA asked the Academy to address the question: “What are best practices in industry and government with
respect to technology infusion (‘spin-in’) and technology diffusion (‘spin-out’)?’ The term “effective practices’ is
used instead of “best practices’ because our team’s research was limited to selected organizations and was not
designed to judge which practices were “best” above al others.
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Institutes of Health (NIH), and the National Cancer Institute (NCI). For most of these agencies,
the team interviewed multiple individuals and followed up with additional questions after its
initial discussions. The Pandl illustrates its findings with examples from Energy, USDA, DoD,
and NIH.

To provide insight from industry, the team contacted 15 large commercia firms with strong
performance in R&D and intellectua property management (see Table 2-1), and many firms,
large and small, that have worked with NASA on technology transfer. For illustration, this
chapter features findings from Boeing, Dow Chemical, DuPont, EMC, Northup Grumman, and
Procter & Gamble.

Table2-1. Large Firms Contacted for Purposes of Discovering Effective Practices

Agilent Technologies IBM

Boeing Corporation Northup Grumman
Dow Chemical Procter & Gamble
DuPont Rockwell Scientific
EMC Corporation SAIC

ExxonMobil Siemens

Ford Motor Company Unisys

General Electric

To obtain effective practices in academia, the team focused on six large research universities
considered to be among the top performers of university technology transfer: Harvard
University, Massachusetts Institute of Technology (MIT), University of Michigan, Columbia
University, University of Wisconsin (technology transfer performed by the Wisconsin Alumni
Research Foundation) and University of Californiaat Los Angeles (UCLA).

OTHER RESEARCH SOURCES

The team considered information on technology transfer from the following sources: Association
of University Technology Managers (AUTM)—Licensing Survey: FY 2002; Department of
Commerce—Summary Report on Federal Laboratory Technology Transfer Agency Approaches,
FY 2001 Activity Measures and Outcomes; Economic Development Administration (DOC)—
Technology Transfer and Commercialization, Their Role in Economic Development; the
President’s Council of Advisors on Science and Technology, Report on Technology Transfer of
Federally Funded R&D, May 15, 2003; and RAND Science and Technology Policy Institute,
Technology Transfer of Federally Funded R& D: Perspectives from a Forum, 2003.

Unfortunately, accurate and comparable data on organizations expenditures for technology
transfer were not available; therefore, the team was unable to make general comparisons of
resource utilization. For government agencies, the resources devoted to technology transfer are
typically contained in several parts of their budgets and are not readily identified. Universities
and commercial companies were generally reluctant to provide proprietary information on how
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much they invested in technology transfer, although the team was frequently able to make rough
assessments of how many people were devoted to the activity.

ORGANIZATION OF FINDINGS AND SUPPORTING INFORMATION

This chapter presents the effective practices for technology transfer found within the federal
agencies, industry, and universities with special attention paid to the effective practices found for
spin-in activities. Next, it provides statistical comparisons of NASA reporting to other
government agencies and to the universities identified in this chapter.

EFFECTIVE PRACTICESIN FEDERAL AGENCIES,

INDUSTRY, AND UNIVERSITIES

As aresult of the study team’s research, the Panel identified four effective practices commonly
found within the organizations studied. Table 2-2 lists the effective practices and, for each,

indicates the number of organizations that use it in their technology transfer programs.

Table2-2. Crosswalk of Organizationsto Effective Practices

Government Industry (Boeing, Academia (Harvard,
. . agencies (DOE, Dow, DuPont, EMC, MIT, Michigan,
Effective practice USDA, DoD, Northup Grumman, UCLA, Wisconsin,
NIH) Proctor and Gamble) | Cal Tech, Columbia)
1. Leadership commitment to * % % * * * % % % * % % % %

technology transfer

2. Focus on efficient processes % % % % % %
and comprehensive service

* % * % % %

3. Useof staff with the right

talents and experiences for * ok ok * ok ok Kk * koK ok *
the job

4. Use of external capabilities * % . % x % x
to augment staff

Note: Each asterisk represents one organization that expressed this effective practice during our interviews.

The following subsections contain the Panel’s findings about effective practices. For clarity of
analysis, the Panel has distinguished between effective practices in government and effective
practices in industry and academia. The Panel believes the distinction between government and
industry/academia is important because government agencies, including NASA, operate under
legislative authority and share many similar environmental dynamics not found in industry or
academia

L eader ship Commitment to Technology Transfer

A recurring theme in our team’s interviews was the necessity for close involvement by senior
leadership in technology transfer in order for it to be relevant within the organization. Strong
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technology transfer performers possess the commitment and attention of their leadership.
Leadership is critical to addressing the resistance common among program managers and
scientists to externa burdens judged to potentially interfere with research efforts. Program
managers and scientists tend to resist technology transfer unless the commitment of the
leadership is clear. Leadership commitment to technology transfer communicates that it is a
priority for the organization and can add value to the organization’s programs. For example, a
government lab reported that “support of leadership is clear and this has helped to drive tech
transfer efforts.” Another federal laboratory director supports technology transfer because the
products resulting from patent licensing agreements and cooperative research and development
agreements assist in achieving the laboratory’s mission. The leadership commitment is reflected
clearly in assigned management performance objectives and incentives.

The DoD technology transfer director, who oversees 45 DoD laboratories presently authorized to
perform technology transfer, indicated that the key differences between the successful and less
successful DoD technology transfer performers are (1) management support (“the lab director
and the technical director must be bought in”) and (2) the technology transfer office’s focus on
Mission requirements.

The organizational location of the technology transfer office is an indicator of leadership
commitment to technology transfer. Locating those offices close to the highest levels of the
organization is important; that location provides visibility to the technology transfer program,
promotes understanding of leadership priorities, and reinforces the importance of technology
transfer to the rest of the organization. At one government agency, the technology transfer
director reported, “attending a different set of meetings based on the move to the director’s
office” and noted that the focus has changed from: “Is the function efficient?’ to “Is the function
relevant?” This organization reported an expectation that the organizational shift will place
greater demands on technology transfer.

The team found that industry technology transfer offices typicaly are at the corporate officer
level, equivalent to other officers responsible for the corporation’s business lines. The box
below provides one example of how the arrangement works and the resulting benefits.

Box 2-1. Example of L eader ship Commitment To Technology Transfer

Procter & Gamble

At Procter & Gamble, the Vice President for Corporate Business Development oversees the
technology transfer effort. The vice president, and staff reporting to him, attend CEO strategy
reviews that alow them to understand the goals across the corporate business units. With this
knowledge, technology transfer staff can develop a plan to support the business units. Business
unit presidents are directly engaged to determine how the technology transfer can best serve
them. This interaction provides a foundation for an interactive dialogue to identify opportunities
for commercialization out and the transfer of technology into Procter & Gamble.
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A commercia firm that did not experience as much success in technology transfer said that
“business units have their own priorities, technology transfer plays second fiddle to business unit
priorities, and telephone calls are not responded to quickly” and that “there is a corporate
reluctance to spend discretionary funds unlessiit is tied to the core business.”

Within academia, university technology transfer offices are located within the organization of the
provost, reflecting their significance in an environment with an academic and research focus.
One university reported that the technology transfer office moved from under the vice president
of finance to within the provost’s office. This university expects increasing demands to be placed
on the office by the provost. Before, that office was an orphan within the finance office.

The relevance of this finding for NASA is that, to achieve excellence in technology transfer, it
needs to ensure that the technology transfer function is viewed as an important contributor to the
agency’s mission. The function needs to be placed appropriately in an organization with 