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Preface

The Small Business Innovation Research program was created by legislation in 1983 for the purpose of involving
the vibrant and capable U.S. small high-tech business sector in Federal agency R&D activities. The purpose was
to provide an additional source for innovative research and technology to meet Federal agency mission needs.
Over the years, the NASA SBIR program has grown, along with other agencies’ SBIR programs, to more than
$100M per year. Following the inception of the SBIR program, Congress and others have placed increasing
emphasis on the commercial application of national SBIR technology with respect to contributing to U.S.
economic growth. Therefore, NASA's SBIR program has elevated the objective of commercial performance to
near-equal status with that of technical relevance to NASA missions, the primary goal.

In 1995, NASA instituted strategic changes in SBIR program management and proposal review, both to
encourage commercial performance and to increase the rate of utilization of small businesses in NASA mission
programs. Consequently, to assess the effectiveness of these strategy changes, we desired to measure changes in
commercial and NASA utilization performance both before and after 1995. Moreover, the Government
Performance and Results Act of 1993 (GPRA) requires us to assess major NASA programs, and, given the “busi-
ness” focus of the Commercial Technology program, we are obliged to make assessments analogous to estimating
return on investment (ROI) in the business world. It is generally accepted that a traditional ROl computation
is very difficult or impossible to do for a Government program. Nonetheless, we still can measure some com-
mercial outcomes that relate to returns to our “stockholders,” the taxpayers. Given the dearth of reliable and
comprehensive data on NASA SBIR program results from sources outside NASA, we took action to design and
implement a systematic effort to determine commercial and other outcomes. Our approach utilizes common
business data and is not intended to be a one-time snapshot; rather, it is a continuing assessment that can be
used as a management tool to guide future program improvements.

Our corresponding survey collects data on a NASA-wide basis and attempts to inquire about every Phase |1
project awarded by NASA since the beginning of the NASA SBIR program in 1983. The data yield statistics
which enable a comprehensive assessment of and targeted insight into the NASA SBIR program. No attempt
was made to make statistical inferences on the basis of sample data because a) the likelihood of missing signifi-
cant outcomes, as well as firms having large numbers of Phase 1l awards, was unacceptable; b) successful sub-
sampling of initial non-respondents was considered too uncertain; and c) surveying the universe of NASA Phase
I1 companies (i.e., a census) was considered achievable. In each of the first five years of the survey, we have real-
ized a response rate of over 90 percent of the firms still in existence. The sixth-year survey (FY 2002) thus far
has achieved an 85-percent response rate. As a result, we can account for about 84 percent of all Phase 11 awards
made by NASA. To the extent that firms do not respond or cannot be located, we assign values of zero com-
mercial activity (e.g., revenues, resulting products, private capital investment). The effect is that the resulting
assessments are most conservative since missing data is assigned a value of zero results. Therefore, the aggregated
results and all corresponding derived metrics represent lower bounds or “minimums” for commercial and other
NASA SBIR program outcomes. Even with this assignment, we believe that the large, comprehensive body of
data we have compiled strongly suggests that the U.S. “stockholders” have, and continue to receive, good value
for their dollars invested in the NASA SBIR program.

Robert L. Norwood, Ph.D.
Director, Commercial Technology Division
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Executive Summary

In accordance with the Government Performance and Results Act (GPRA) of 1993, NASA is required to
demonstrate the contribution of its programs to the Nation’s economic well-being. NASA's Strategic Plan
requires commercial relevance of NASA-funded technology as a primary mission goal. Under its Strategic Plan,
NASA is also obliged to measure the commercial relevancy of its programs. Therefore, NASA has implemented
a technology tracking system (NASA TechTracS) for the purpose of compiling information regarding the com-
mercial relevance of all technologies funded and otherwise sponsored by NASA. As an extension and special-pur-
pose refinement of that effort, NASA has also designed and implemented a metrics system for quantifying
commercial activity associated with its Small Business Innovative Research (SBIR) program. Data produced by
the special-purpose SBIR metrics system is the basis for this October 2002 report which updates and expands
the analysis presented in NASA's SBIR Commercial Metrics Report, dated October 2001.

The primary purpose of NASA’s SBIR program is to meet NASA mission-related technology needs by tapping
the capabilities of small, high-technology firms, thus also contributing to continued viability of the Nation's
small business sector. Although commercial application of NASA-funded SBIR technology is a therefore a sec-
ondary objective and an added benefit, it is nonetheless important and necessary. In recent years, the Congress,
the General Accounting Office (GAO), and others have been querying NASA with increasing frequency
regarding the commercial relevance of NASAs SBIR program.

There are two primary purposes for undertaking this study. One purpose is to measure the impact of strategic
changes made by NASA, beginning with its 1995 SBIR Solicitation to align the definition of SBIR technology
subtopics more closely with the strategic direction of NASA’s business unit Enterprises. The other purpose is to
measure the overall impact of NASA's emphasis on commercial relevance in its proposal review and selection
process, beginning with the 1995 Solicitation. Therefore, NASA has designed and implemented a commercial
metrics survey of its SBIR companies. In accordance with the Paperwork Reduction Act of 1995, NASA
obtained Office of Management and Budget (OMB) approval of its survey instrument and methodology in
February 1997. In March 2000, NASA obtained OMB reauthorization of the survey instrument and method-
ology for an additional three years. The survey instrument is designed to identify applications of NASA SBIR
technology in non-U.S. Government, NASA, and other U.S. Government markets, as well as associated com-
mercial activity. The survey instrument is also designed to reveal commercial intent in those cases where the firm
has taken significant steps toward a commercial venture at least partially based on NASA SBIR technology, but
a resulting product or service has not yet been sold.

In each of fiscal years 1997 through 2002, NASA surveyed approximately 200 different firms that had
received NASA SBIR Phase Il awards at any time from the inception of the SBIR program in 1983 through
SBIR award year 1997 and that NASA was able to locate. Given the time required for technologies and asso-
ciated business ventures to mature, this report is primarily focused on cumulative results compiled to date
with respect to NASA SBIR awards made through only the 1996 award year. Accordingly, NASA has com-
pleted surveying the universe of 813 firms receiving NASA Phase Il awards over the 1983-96 award year
period. About 78 percent of the firms have responded; 8 percent have not responded; and NASA has been
unable to locate the 14-percent balance of the 1983-96 universe of Phase Il firms. Thus, over 91 percent of
the firms in the 1983-96 universe of firms that NASA was able to locate have responded to the survey. The
responding firms account for about 84 percent of the 1,739 Phase Il awards given by NASA over the 1983-96
period. Non-responding firms account for about 8 percent of the Phase Il awards, and the firms that NASA
has been unable to locate account for approximately 9 percent of all Phase Il awards granted by NASA over
that period. In some cases, firms having received a significant number of NASA Phase 11 awards have elected
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not to respond, notwithstanding significant telephone follow-up by NASA. Some of these firms continue to
apply for and receive NASA SBIR awards.

Given the imperative of credibility and recognition of what may be achievable versus what is ideal, NASA iden-
tified and applied several principles in its survey methodology. NASA received unanimous support for these
principles from expert, outside counsel representing various organizations. Notwithstanding limitations inherent
in applying these principles, NASA believes that the commercial metrics obtained are insightful and useful for
program reporting and planning purposes. In addition, NASA believes the currently compiled data establish a
useful baseline against which future measurements can be made.

The survey data support the following observations:

Commercial activity associated with NASA SBIR technology is significant. A minimum of 612 products
and services at least partially based on NASA SBIR technology have generated at least $2.28 billion of
cumulative revenues in non-U.S. Government markets. By comparison, NASA’ total investment in the
SBIR program over the 1983-96 period is $1.11 billion. The broad spectrum of types of products and serv-
ices, as well as the corresponding industrial sectors in which NASA SBIR technology is commercially
applied, suggest that commercial activity associated with NASAs SBIR Program is pervasive in the
economy. A significant amount of strategic alliance partnering by SBIR firms with other private entities
regarding these ventures underscores the pervasiveness of commercial activity associated with application of
NASA SBIR technology.

The incidence of commercial application of NASA SBIR technology in non-U.S. Government markets is
significant. Specifically, at least 31 percent of all NASA Phase Il awards have produced technology upon
which ventures generating revenues in non-U.S. Government markets have been at least partially based.

The likelihood of commercial application of NASA SBIR technology is not independent of technology area.
Based on the Small Business Administration’s definition of various technology areas, the “Electronics” and
“Materials” technology areas are the most productive. Likewise, the “Mechanical Performance of Vehicles,
Weapons, Facilities” technology area is the least productive.

NASAs SBIR firms demonstrate significant commercial intent regarding application of NASA SBIR tech-
nology. For at least 38 percent of the Phase Il awards made by NASA over the 1983-96 period, either the tech-
nology was incorporated in products and services generating revenues in non-U.S. Government markets, or
the firm took significant action to develop a commercial venture at least partially based on the technology.

Growth over time in commercial and other Phase 111 activity associated with a given set of Phase Il tech-
nologies appears to be significant. Specifically, a comparison of initial survey results with re-survey results
for the 1983-94 Phase Il universe of firms reveals a significant increase in commercial activity associated
with ventures at least partially based on NASA SBIR technology. For example, cumulative revenues gener-
ated in non-U.S. Government markets by ventures incorporating NASA SBIR technology increased more
than 100 percent over the approximately four-year span between initial survey and re-survey of largely the
same firms, from $1.13 to $2.43 per NASA dollar investment in the corresponding Phase 11 and Phase |
awards. This increase is likely associated with the natural life cycles of the ventures as well as the creation of
new ventures subsequent to the initial survey.

The effects of NASAs SBIR programmatic changes that were implemented beginning with the 1995 SBIR
award year are not yet apparent and would not necessarily be expected to be so, given inherent time lags in
the process of commercial application. Survey results reveal that technologies developed under 1995, 1996,
and 1997 Phase Il awards thus far have resulted in less commercial and other Phase Il1 activity on a per-
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NASA-dollar investment basis when compared to results for the 1983-94 universe of NASA Phase 11 awards.
The difference in results is likely explained by the maturation time required to engineer a technology for com-
mercial application, as well as finance and otherwise develop the corresponding business venture. However,
an accelerating trend suggested by the more than tripling of commercial and other Phase I11 results for 1995
versus 1997 Phase 11 awards may indicate the beginning effects of NASA'S programmatic changes.

The “mills” presumption does not reasonably apply to the NASA SBIR program. Critics sometimes refer to
firms that have won several SBIR awards as SBIR “mills,” particularly in those cases where the firm has not
demonstrated a significant history of applying the SBIR technology in non-U.S. Government or U.S.
Government markets. In the case of NASAS SBIR program, however, about 86 percent of all firms winning
NASA Phase Il awards for award years 1983-01 have received a total of three or fewer NASA Phase 1l
awards. These firms received about 52 percent of all Phase Il awards made by NASA over that period. Only
3.2 percent of NASA' Phase Il firms have won ten or more NASA Phase Il awards, accounting for about
21.6 percent of all Phase Il awards made by NASA through SBIR award year 2001. Over the past seven
SBIR award years (1995-01), new entrant firms into the universe of NASA Phase Il firms represent about
40 percent of all firms receiving NASA Phase 11 awards over that period. Also, the firms that have received
a greater number of NASA Phase 11 awards appear to demonstrate greater commercial results associated with
NASA's SBIR program.

The quantitative survey data suggest that NASA has had limited use for the technology it has funded under
the SBIR program for SBIR award years 1983-96. Specifically, at a minimum, only about 10 percent of
NASA Phase Il awards have attracted NASA Phase 111 funding for either further development or purchase of
product or service. Accordingly, only about 20 cents in NASA Phase 111 funding has resulted per dollar of
NASAS total SBIR program investment. However, given other benefits of the SBIR program, such as knowl-
edge spillovers to private sector and Government technical personnel, NASA Phase 111 funding may be too
narrow a proxy measure for NASAS utility of SBIR technology.

In addition to the significant commercial activity associated with NASA's SBIR program, the program has
contributed to the quality of life of individuals in ways that cannot be valued meaningfully by dollars or
other commercial measures.
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Background

The Government Performance and Results Act (GPRA) of 1993 obliges all Federal agencies to measure the
results and contributions of their programs to the Nation. Therefore, NASA must account for its investment
in science and technology programs. Accordingly, NASA’s Strategic Plan states that NASA “will measure (its)
performance . . . demonstrating NASA's relevance and contributions to national needs.” Thus, in addition to
measuring the extent to which NASA contributes to peaceful exploration of space, increased understanding
of science and technology, improved understanding of the environment, and educational excellence, NASA
must also measure the contribution of its programs to the Nation’s economic well-being. Commercial rele-
vance of NASA-funded technology is a primary NASA mission goal, and NASA’s measurement of that con-
tribution is imperative. NASA’s obligation to measure and enhance the commercial relevance of its SBIR
Program is therefore implicit. Accordingly, NASA has implemented a technology tracking system (NASA
TechTracS) for the purpose of compiling information regarding the commercial relevance of all technologies
funded and otherwise sponsored by NASA. As an extension and special-purpose refinement of that effort,
NASA has designed and implemented a metrics system for quantifying commercial activity associated with
its Small Business Innovative Research (SBIR) program. Data produced by the special-purpose SBIR metrics
system is the basis for this report.

The primary purpose of NASA's SBIR program is to meet NASA's mission-related technology needs by tapping
the capabilities of small, high-technology firms, thus also contributing to continued viability of the Nation's
small business sector. Commercial application of SBIR technology is an added, but necessary, benefit of the pro-
gram. In accordance with GPRA, NASA has strengthened its requirements regarding commercial potential of
proposed SBIR technology and the need for proposing firms to demonstrate the intent and capability to com-
mercially apply NASA-funded SBIR technology. NASA incorporated these strengthened requirements as part of
its SBIR proposal evaluation criteria beginning with its 1995 SBIR Solicitation. Also, in mid-1996, NASA ini-
tiated the design and implementation of a metrics system to enable an objective, quantitative assessment of the
NASA SBIR program’s contribution to U.S. commercial activity. In addition to meeting NASAs obligations
under GPRA, the goals of that effort include providing credible, insightful data to answer increasingly frequent
questions by the Congress, the General Accounting Office (GAQ), and others concerning commercial relevance
of the NASA SBIR program.
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Commercial Metrics Survey Design
and Nlethodology

Survey Instrument

For the purposes of defining and collecting data vital to assessing the contribution of NASA's SBIR program to
U.S. commercial activity, NASA designed a two-page survey instrument (Appendix A) for which it obtained
Office of Management and Budget approval in accordance with the Paperwork Reduction Act of 1995. The
survey instrument is designed to identify current and previously existing applications of NASA SBIR-funded
technology in non-U.S. Government markets. The survey instrument is also designed to reveal commercial
intent in those cases where the firm has taken significant steps toward a commercial venture incorporating NASA
SBIR technology, but the venture has not yet sufficiently matured to generate revenues or was terminated prior
to generating revenues. Accordingly, the survey instrument includes indicators of commercial intent such as pri-
vate capital investment placed at risk, spinoff firms created, various types of strategic alliances entered, patents
awarded or applied for, and other significant steps taken to develop a business venture. The survey instrument
also includes data fields intended to provide some measure of the utility of SBIR technology for NASA and other
U.S. Government mission purposes.

Scope

The survey methodology contemplates completion of the survey form by top management of the universe of the
813 firms having received NASA SBIR Phase 11 awards from the SBIR program’s inception in 1983 through the
1996 SBIR award year. The survey form queries the cumulative commercial results of all NASA Phase 1l con-
tracts received by each company through the date of completion of the form. For the purposes of this report, the
commercial results compiled are primarily related to NASA SBIR awards made over the 1983-96 award year
period. NASA has been collecting and compiling commercial results regarding later Phase 11 award years as well.
This report focuses primarily on SBIR awards made through only the 1996 award year because commercial
application of SBIR technologies and business development of corresponding ventures require sufficient time to
mature. Some results associated with the 1983-94 Phase Il universe are also presented, given a) NASA's relatively
recent strengthened emphasis, beginning with its 1995 SBIR Solicitation, regarding commercial applicability of
NASA SBIR technology; and b) the need to establish a baseline by which to measure the effects of recently insti-
tuted SBIR program changes by NASA, such as the alignment of SBIR topics with specific mission needs of
NASA’s business units, called “Enterprises.” The report also includes some results for 1997 SBIR award year
Phase 11 awards to the extent that FY 2002 survey responses have been received to date and incorporated in the
results. (Although a 90-percent response rate has already been achieved for the FY 2002 survey, the report results
reflect only an 85-percent response rate since some delinquent responses were received too late for publication.)
The lag between the Government fiscal year and the SBIR award year is also a factor in primarily limiting this
report to awards made only through award year 1996. For example, NASA announced its 1997 Program Phase
I1 selections on January 9, 1999. NASA’s negotiation of the corresponding SBIR contracts could not be initiated
before that date with work under the contracts not beginning until completion of negotiations.

NASA was granted OMB approval of its survey instrument and methodology in February 1997. In March 2001,
OMB re-authorized the survey instrument and methodology for an additional three years. NASA located and
surveyed approximately 200 firms each year with corresponding mail-outs to SBIR Phase 11 company top
management in June 1997, February 1998, October 1998, January 2000, January 2001, and January 2002,
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respectively. Thus, NASA surveyed approximately 200 located firms in each of fiscal years 1997 through 2002,
inclusive. All companies that received NASA SBIR awards for award years 1983 through 1997 and that NASA
has been able to locate have been surveyed. NASA made a significant effort to locate and contact each of its
Phase 11 firms for the purposes of ascertaining the firm's continued existence, current name and address, and cur-
rent chief executive prior to mailing a cover letter and survey form to the chief executive of each firm. NASA has
been unable to locate approximately 14 percent of its Phase 11 firms for the 1983-96 award year period. For
approximately 35 percent of the firms that were located, NASA found that the company name, address, or chief
executive of the firm was other than that indicated in NASA’s records. Accordingly, the investment of time
required to validate company information prior to survey mail-out prevented an even greater expenditure of time
that would inevitably have been required to process and follow up on postal returns of survey mailings. Even
given the validated address list prior to survey mail-out, generally only about 13 percent of the firms returned
completed survey forms without being prompted by one or more followup telephone calls by NASA. NASA
plans to continue to survey about 200 of its Phase 11 firms in each fiscal year. However, a given firm will not be
surveyed in each of two successive fiscal years and generally will not be re-surveyed more frequently than once
every three fiscal years. Firms are invited to voluntarily submit updated survey forms to NASA as frequently as
they wish.

Survey and Metrics Principles Applied

All data must be auditable. Auditability is vital to the credibility of this study and to any strategic program deci-
sions based on the study’s results. Accordingly, every non-zero data point compiled in this study is supported by a
survey form submitted by the chief executive of the SBIR firm or by his/her designee. In those cases where a chief
executive acknowledged by telephone that a completed survey form for his firm would indicate zeros for all met-
rics, then a survey form containing all zeros was completed by NASA for the firm, with the telephone conversation
and date cited, if the chief executive appeared reluctant to return a survey form containing all zeros. However, many
firms reporting zero results have returned a completed survey form. NASA treats all survey responses as commer-
cially sensitive and therefore does not disclose company-specific data to third parties. However, the data may
be made available to the GAO under very controlled conditions and non-disclosure assurances by the GAO for
the purposes of auditing aggregated survey results against raw data provided by respondents. Given its commercial
sensitivity, company-specific data is exempt from Freedom of Information Act requests.

All data must be industry data provided directly by industry. No non-zero data points are recorded based on
telephone conversations or on inputs other than a survey form completed and returned by a company chief exec-
utive or his/her designee. A potential source of error is that some companies may be tempted to report more pos-
itive commercial results than actually realized. NASA scrutinizes each returned survey form for internal
consistency and reasonability in this regard. If NASA has any doubt, it follows up with a phone call to the com-
pany chief executive, requesting clarification.

A distinction between non-U.S. Government and U.S. Government markets is maintained. The survey
form makes the distinction between resulting activity in commercial non-U.S. Government markets and follow-
on Phase 111 funding by NASA or other U.S. Government agencies. This distinction is maintained so that results
regarding the primary purpose of SBIR-funded technology for NASA mission needs can be assessed separately
from those regarding the added benefit of SBIR technology providing a basis for commercial ventures targeting
non-U.S. Government markets.

Resulting products/services are not counted unless they have generated revenues. If a responding firm
reports that a commercial product or service has resulted that is at least partially based on NASA SBIR tech-
nology, NASA includes this information as a commercial application only if the firm also reports having realized
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revenues to date from the commercial application. Products and services for which the firm does not also report
having realized revenues are not counted in compilation of survey results. In no case are company projections of
revenues, market size, or expectations of any type included in survey results. If a commercial event has not
already occurred (e.g., capital investment placed at risk, strategic partnership entered into), it is not counted in
the survey results. Similarly, a firm’s expectations regarding U.S. Government Phase 111 funding or Phase I11 con-
tract amounts are not compiled in the survey results except to the extent that revenues are reported by the firm
as having been realized (i.e., actually earned) as of the date of completion of the survey form.

No estimation of net economic impact. No attempt is made to quantify a net contribution of NASAs SBIR
program to U.S. economic productivity, growth, or job creation via econometric modeling or by other means.
Realistically, given the size of the NASA SBIR investment over the period of study (i.e., $1.11 billion over the
1983-96 award year period) the program’s relative effect on such macroeconomic measures is negligible by def-
inition. Notwithstanding, given the numerous products and services in various industrial sectors that are at least
partially based on NASA SBIR technology, as well as other measures such as involvement of hundreds of strategic
alliance partner firms, the contribution of NASA SBIR technology to U.S. commercial activity is nevertheless
significant and pervasive. Accordingly, the data are characterized in terms of various measures of “commercial
activity associated with” NASA SBIR technology rather than “net economic impact of” NASA SBIR technology.

No statistical estimation, extrapolation, or application of econometric modeling. The entire 1983-96
universe of NASA SBIR Phase 11 companies was surveyed; thus, statistical random sampling was not employed.
NASA recognizes that statistical sampling may have required less labor and a shorter timeframe to obtain
insightful results. However, NASA considered it very unlikely that all of the selected firms in a random sample
would have responded or that all of the firms in an appropriate subsample of nonrespondents would have even-
tually responded so that meaningful statistics and confidence intervals could be computed for each metric.
Also, since the total 1983-96 universe of NASA Phase Il firms is only 813 firms, NASA concluded that sur-
veying the entire 1983-96 universe was a reasonable goal. Therefore, NASA has made simple compilations of
the business data reported by the firms. Accordingly, the results represent minimums for each data category
summed over all reporting firms. Total NASA SBIR program investment is used in the denominator to con-
struct metrics representing various measures of commercial activity per NASA dollar invested. It is noteworthy
that the methodology does not permit responding firms to implicitly represent nonresponding firms or to rep-
resent firms that NASA was unable to locate. Specifically, all firms in NASA’s universe of Phase Il companies
for which a response was not received, for whatever reason, were assigned zeros regarding all metrics; these zero
results were compiled with the results reported by responding firms. This approach produces conservative
commercial activity and NASA mission use metrics, accordingly characterized as “minimums.” To the extent
that some of these firms might subsequently be located and/or elect to participate in the survey, any non-zero
contribution to the survey results that they might provide will be included with amended survey results
reported at some future time.

No representations of return on investment to the Government. Cumulative commercial activity results are
compiled for each company (with zeros compiled in all data cells for other than responding firms) from the
inception of the NASA SBIR program to the date the company completed the survey form. This approach pro-
duces “minimum” sums for each data category when aggregated over the universe of NASA Phase Il firms.
Although some “derived” metrics such as cumulative revenues generated per NASA SBIR dollar investment are
computed because they may be somewhat insightful, there is no attempt to compute NASA’ return on invest-
ment (ROI) in the SBIR program. Meaningful ROl computations must factor in time value of money and other
considerations. However, NASA's successfully encouraging firms to provide cumulative (i.e., not by year) com-
mercial activity data has proven to be a difficult enough challenge. In designing the survey, NASA decided that
requesting commercial data broken out by year would have unreasonably burdened companies and discouraged
them from responding to the survey. Also, NASA believes that it is easier for a company executive to think in
terms of gross cumulative revenues generated by a particular current or previous venture. In this regard, NASA
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recognizes that the survey results may therefore be considered somewhat crude. However, NASA’s approach is
tempered by what it believes to be realistically achievable for the purposes of providing results that are reason-
ably revealing. Also, it is noteworthy that rigorous ROl computations are not appropriate for measuring the per-
formance of a Government program in the same way that they are for measuring the performance of a private
venture. Specifically, the primary purpose of the NASA SBIR program is to develop technology to meet NASA
mission needs; commercial application of the technology is strictly a windfall benefit. However, NASA makes
no claim that this windfall benefit has resulted in a net positive contribution to national economic growth.
Conceivably, previously existing or innovative technologies alternative to NASA SBIR technology might have
enabled very similar commercial applications. Accordingly, NASA takes no credit for any net positive economic
impact of its SBIR Program. Finally, it is noteworthy that NASA's SBIR program has contributed to the quality
of life of individuals in ways that cannot be meaningfully valued by dollars, ROI, or other commercial measures.

No allocation of commercial results over various supporting Federal agencies. Many of NASAs Phase 11
firms have received SBIR Phase 11 awards from more than one Federal agency. Thus, in some cases, a given firm’s
commercial application of SBIR technology incorporates technology developed under SBIR awards from NASA
as well as from other Federal agencies. Based on NASA' internal deliberations and outside counsel, NASA does
not allocate “credit” for SBIR-related commercial activity among the funding Federal agencies. Accordingly,
resulting commercial activity is characterized as “at least partially based on” NASA SBIR technology.
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Survey Coverage

The totality of 830 firms receiving NASA SBIR awards from the inception of the SBIR program in 1983
through award year 1996 were targeted for survey. The targeted companies included all 813 firms in the uni-
verse of firms having received NASA Phase 11 awards over the 1983-96 period. The survey also included 17other
firms that received NASA Phase | awards, but no NASA Phase Il awards, and that were believed to have com-
mercially applied NASA Phase | technology. However, NASA found that the relevant commercial activity of
these Phase I firms was not significant.

Over five survey years, FY 1997-FY 2001, NASA has realized an overall response rate of more than 90 per-
cent from the firms it has been able to locate. The FY 2002 survey effort is currently in process. For the pur-
poses of this survey, NASA has never been able to locate approximately 14 percent of the universe of firms
having received NASA SBIR Phase Il awards over the 1983-96 period. NASA has surveyed approximately
200 of its SBIR firms in each of fiscal years 1997-2002, inclusive. Responding firms account for 1,452, or
approximately 84 percent, of the 1,739 NASA Phase Il awards made by NASA over the 1983-96 period.
Nonresponding firms account for approximately 8 percent of all NASA Phase 11 awards made over that
period; and firms which NASA has never been able to locate account for approximately 9 percent of all NASA
Phase 11 awards made over the same period. (See figures 1 and 2.)

NASA found that top management of the SBIR companies recognized the importance of the survey effort in
that it would enable NASA to evaluate the results of its investment in the SBIR program. However, it is NASA'S
observation that many of the executives who did respond would have preferred not to respond. In some cases,
the top management of firms that received a significant number of NASA Phase Il awards have thus far elected
not to respond, notwithstanding extensive telephone followup by NASA. Some of these firms continue to apply
for and receive NASA SBIR awards.
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Some Observations

Commercial activity associated with NASA SBIR technology is significant.

A minimum of 612 products and services that are at least partially based on NASA SBIR technology have thus
far generated revenues in non-U.S. Government markets. The trademark and other names of some of these prod-
ucts and services are given in Appendix C. The various types of these commercial applications are briefly described
in Appendix D. The broad spectrum of industrial areas and types of products and services represented suggest that
commercial activity associated with NASA's SBIR program is pervasive in the economy.

Responding firms reported a minimum of $2.28 billion in revenues generated by the 612 commercial products
and services. Respondents also reported an additional $513 million in revenues generated in NASA and other
U.S. Government markets regarding ventures associated with NASA SBIR technology. Accordingly, a minimum
of $2.06 in revenues generated in non-U.S. Government markets is associated with each dollar of total NASA
SBIR funding to all firms. Similarly, a minimum of $2.52 in revenues generated in non-U.S. Government and
U.S. Government markets is associated with each dollar of total NASA SBIR funding. See figure 3.

For each dollar of NASA's total investment of $1.11 billion in the SBIR program over the 1983-96 period, at
least 78 cents in private capital is placed at risk in ventures to produce commercial applications, in non-U.S.
Government markets, that are at least partially based on technology developed under NASA's SBIR program.

Responding firms report a minimum of 6,888 full time job equivalents applied to ventures producing products
and services that have generated revenues in non-U.S. Government and U.S. Government markets and that are
at least partially based on NASA SBIR technology. This figure represents a minimum of about four full-time job
equivalents per NASA Phase Il award over the universe of all Phase Il firms. However, the scope of this study
provides no basis for claims that the NASA SBIR program has resulted in jobs created or jobs saved.

NASA SBIR firms report a significant amount of strategic alliance partnering with other private entities regarding
ventures that are at least partially based on commercial application of NASA SBIR technology in non-U.S.
Government markets. This industrial ripple effect involves at least 571 other U.S. private entities via joint
venture partnerships, licensing agreements, royalty agreements, and other strategic alliance agreements with
NASA SBIR firms. Accordingly, an average of about one U.S. private entity, in addition to the NASA SBIR firm
developing the technology, is partnered in each venture commercially applying NASA SBIR technology in
non-U.S. Government markets. Several firms entering into strategic alliances with SBIR companies regarding
commercial application of NASA SBIR technology are Fortune 500 companies.

The incidence of commercial application of NASA SBIR technology in non-U.S. Government markets is
significant.

At least 31 percent of NASA Phase Il awards have produced technology upon which ventures generating rev-
enues in non-U.S. Government markets have been at least partially based. Similarly, at least 36 percent of NASA
Phase Il awards have resulted in applications generating revenues in non-U.S. Government markets and/or in
U.S. Government markets. See figure 4.

Three hundred and fifty-four of the 813 firms receiving NASA SBIR Phase Il awards over the 1983-96 period
have realized revenues from ventures, in non-U.S. Government markets, that are at least partially based on the
NASA SBIR technology. Corresponding revenues realized by these firms are skewed toward amounts less than
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$3 million per firm. Accordingly, about 69 percent of the 354 firms realized total revenues in non-U.S.
Government markets of less than $3 million per firm from commercial application of NASA SBIR technology.
Twenty-one firms realized revenues of at least $25 million from ventures, in non-U.S. Government markets, that
are at least partially based on NASA SBIR technology. Corresponding revenues for three of those firms are in
excess of $100 million for each firm. See figure 5.

The likelihood of commercial application of NASA-funded SBIR technology is not independent of tech-
nology area.

The Small Business Administration has defined seven major technology areas, along with detailed sub-categories
for each major technology area. The SBA annually reports SBIR Phase I and Phase Il award amounts for each
Federal agency, by year, according to these technology areas (see Appendix B). Therefore, NASA has adopted the
same technology areas for the purposes of computing certain metrics. The “Electronics,” “Computer/Information
Processing,” and “Materials” technology areas collectively account for about 70 percent of the 612 products and
services and about 77 percent of the $2.28 billion in revenues generated from commercial application of NASA
SBIR technology in non-U.S. Government markets. The “Electronics” technology area alone accounts for about
42 percent of the $2.28 billion in revenues in non-U.S. Government markets. In contrast, the “Life Sciences”
technology area accounts for only about 4 percent of the products and services and about 6 percent of the
revenues generated from commercial application of NASA SBIR technology in non-U.S. Government markets
(see figure 6). On a percentage of total NASA investment basis, ventures producing products and services at least
partially based on “Electronics” types of NASA SBIR technology have generated the greatest cumulative revenues
in non-U.S. Government markets. Specifically, revenues generated in non-U.S. Government markets are at a level
that is at least 87 percent of NASA total SBIR program investment over the 1983-96 award year period. Second
to the “Electronics” technology area in this regard is the “Materials” technology area showing non-U.S.
Government revenues at a level that is about 47 percent of NASA total SBIR program investment (see figure 7).

NASA SBIR firms demonstrate significant commercial intent regarding application of NASA SBIR
technology.

NASA’s Phase 11 firms demonstrate strong commercial intent with respect to at least 38 percent of the Phase 11
awards made over the 1983-96 period. Specifically, in the case of at least 666 of the 1,739 Phase Il awards made
by NAASA over that period, either the SBIR technology was commercially applied in non-U.S. Government mar-
kets or the firm took significant action to develop a commercial venture at least partially based on the NASA
SBIR technology. Such action included the placing of private capital at risk, entering into strategic alliances with
other private entities, and seeking patent protection of the SBIR technology. Regarding at least 34 other Phase
Il awards, the firms demonstrate some commercial intent by doing preliminary market research or engaging in
other preliminary activities reflecting a lesser commitment to develop a commercial venture. Therefore, NASA's
SBIR firms demonstrate some commercial intent regarding application of NASA SBIR technology in non-U.S.
Government markets with respect to at least 40 percent of the NASA SBIR Phase Il awards made over the
1983-96 period (see figure 8).

Growth in commercial and other Phase Il activity appears to be significant.

For the 1983-94 Phase Il award year universe of firms, a comparison of initial survey results with re-survey
results shows a significant increase in commercial activity associated with ventures at least partially based on
NASA SBIR technology. A comparison of results reported by first-time survey firms with the results reported
by those firms in a re-survey approximately three to four years later shows a significant increase in such meas-
ures as 1) number of products and services incorporating NASA SBIR technology that have generated rev-
enues in non-U.S. Government markets, 2) cumulative commercial revenues generated by those products and
services, 3) cumulative private capital investment in ventures producing those products and services, and 4)
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number of NASA Phase Il awards producing technology upon which the products and services are at least
partially based. For example, cumulative revenues generated in non-U.S. Government markets by ventures
incorporating NASA SBIR technology more than doubled over three to four calendar years from $1,015M to
$2,178M, and private capital investment placed at risk in those ventures increased 84 percent over that period
of time, from $448M to $825M (see figure 15). That a significant difference between initial survey and re-
survey results exists on a per-NASA-dollar investment in the SBIR program basis is also noteworthy.
Specifically, for the 1983-94 universe of Phase 1l firms, figure 16 shows that revenues generated in non-U.S.
Government markets by ventures incorporating NASA SBIR technology increased about 115 percent, from
$1.13 to $2.43 per NASA dollar investment in corresponding SBIR awards. Similarly, revenues generated in
both non-U.S. Government and U.S. Government markets also increased by more than 100
percent, from $1.42 to $2.95 per NASA dollar investment in corresponding SBIR awards.

Differences between initial survey results and re-survey results are likely associated with the natural life cycle of
the commercial ventures, as well as the creation of new ventures. Initial survey results and re-survey results would
remain the same for ventures that were created and terminated prior to the initial survey year or that completed
their natural life cycle prior to the initial survey year. Accordingly, the collection of venture life cycles associated
with ventures incorporating technologies produced by the 1983-94 award year universe of SBIR contracts
would generally be much more mature than those associated with applications of post-1994 SBIR award year
technologies. Therefore, commercial activity generated by ventures incorporating post-1994 SBIR award year
technologies would generally be expected to have greater upside potential than commercial activity generated by
ventures incorporating 1983-94 SBIR award year technologies. Given that figures 15 and 16 show a significant
increase in commercial activity of more than 100 percent over the three- to four-year period (i.e., roughly 30
percent per year) for a relatively mature collection of ventures incorporating NASA SBIR 1983-94 award year tech-
nologies, we would expect ventures incorporating post-1994 SBIR award year technologies to begin to generate
commercial activity in excess of 30 percent per year over the next several years. Although re-survey data regarding
commercial activity associated with more recent SBIR award year (i.e., 1996 and 1997) technologies is not yet avail-
able to confirm this expectation, figure 17 suggests an annual increase in commercial activity produced by relatively
young (i.e., incorporating 1996 SBIR technologies) ventures of something well in excess of 30 percent per year.
Specifically, figure 17 shows that commercial activity associated with ventures incorporating 1995 SBIR award year
technologies is approximately three times the commercial activity associated with ventures incorporating 1997
SBIR award year technologies. Therefore, the accelerating trend suggested by the 200 percent additional amount
of commercial activity corresponding to relatively young ventures (i.e., incorporating 1995 SBIR award year
technology) having life cycles that are only about two years more mature than other young ventures (i.e., incor-
porating 1997 SBIR award year technology) may possibly be explained not only by the greater upside potential
of young ventures, but also by NASA’s placing a greater emphasis on eventual commercial application of the
technology as part of its evaluation criteria beginning with selection of 1995 SBIR awards.

Note: Over the FY 1997-99 period, NASA surveyed almost the entire universe of firms that received NASA SBIR
Phase Il awards during the 1983-94 award year period. NASA obtained re-survey results for most of the 1983-94
award year Phase Il awards in its FY 2000, FY 2001, and FY 2002 surveys. To the extent that firms did not respond
to the FY 2000 through FY 2002 surveys, re-survey results regarding the 1983-94 universe of Phase Il awards have
not been obtained. Accordingly, figures 15 and 16 reflect comparative results to the extent that firms in the 1983-94
universe have responded to both initial survey and re-survey.

The effects of NASA's SBIR programmatic changes are just becoming apparent.

The survey methodology enables tracking the effects of NASA's SBIR programmatic changes that were imple-
mented beginning with NASA's SBIR 1995 award year Solicitation by yielding comparisons for the purposes of
assessing the effects of these changes. For example, although insufficient time has elapsed with respect to
1995-97 Phase Il award year technologies for reasons discussed below, figure 17 illustrates the survey’s ability to
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yield such comparisons. Accordingly, figure 17 suggests that technologies developed under 1995-97 Phase 11
awards appear to have resulted in less commercial and other Phase Il activity to date on a per-NASA-dollar
investment basis than did the 1983-94 universe of NASA Phase Il awards. In particular, revenues generated in
non-U.S. Government markets by ventures at least partially based on 1995 award year NASA Phase Il awards
thus far amount to $0.65 per dollar of NASA investment in the Phase 11 and corresponding Phase | versus $2.43
in non-U.S. Government revenues per dollar of NASA investment for the 1983-94 award year universe of Phase
Il awards. Similarly, 1995 Phase Il awards have thus far attracted $0.08 in NASA Phase 111 development and
procurement funding per NASA dollar investment in the Phase 11 and corresponding Phase | versus $0.22 per
dollar of NASA investment for the 1983-94 award year universe of Phase Il awards. When also considering non-
NASA U.S. Government Phase 111 funding, the survey results show that 1995 award year Phase 11 awards have
generated combined revenues in non-U.S. Government markets and U.S. Government markets of at least $0.91
per dollar of NASA investment in the Phase Il and corresponding Phase | versus $2.95 in non-U.S. Government
plus U.S. Government revenues per dollar of NASA investment for the 1983-94 award year universe of Phase
I awards. Consistent with these findings, corresponding metrics for 1996 and 1997 Phase Il awards are simi-
larly less than those for 1995 Phase Il awards.

However, survey results also reveal that at least 29 percent of the 1995 award year Phase Il awards have produced
technology incorporated in products and services generating revenues in non-U.S. Government markets versus
a corresponding 32 percent for the much more mature database of 1983-94 award year Phase Il awards. Also,
at least 37 percent of 1995 Phase 11 awards produced technology incorporated in products and services gener-
ating revenues in either non-U.S. Government or U.S. Government markets compared to a corresponding 37
percent figure for the much more mature database of 1983-94 award year Phase 11 awards. Similarly, for the
even less mature technologies created under the 1996 award year Phase |1 awards, the percentage of those awards
producing technology incorporated in products and services generating revenues in non-U.S. Government or
U.S. Government markets compares favorably with corresponding results for the mature 1983-94 database of
Phase 11 awards. It is noteworthy that the NASA utilization rate of 1995 SBIR award year Phase 1l technologies
already exceeds that of the much more mature 1983-94 database of Phase 11 awards (see figure 18). Also, the
28-percent figure for 1995 Phase 11 awards producing technology incorporated in products and services gener-
ating revenues in non-U.S. Government markets would not appear to be significantly different from the corre-
sponding 32-percent figure for 1983-94 Phase Il awards. This observation is particularly noteworthy when
considering that survey results also reveal that private capital investment in ventures incorporating 1995 award
year Phase 11 technology is about $0.17 per NASA SBIR investment dollar versus a corresponding $0.92 in pri-
vate capital investment in ventures incorporating 1983-94 Phase 1l technology. Accordingly, the difference in
private capital investment in ventures commercially applying 1995 Phase 11 technology (i.e., more recent tech-
nology) versus ventures commercially applying 1983-94 Phase Il technology (i.e., less recent technology) may
be a proxy for the maturation time required to engineer a technology for commercial application, as well as to
finance and otherwise develop the corresponding business venture. Also, contracts for 1995 award year Phase 11
awards, for example, likely would not have been negotiated before the end of the FY 1995—early FY 1996 time-
frame. Therefore, the two-year period of work to develop the Phase Il technologies generally would not have
begun prior to the early to mid-FY 1996 timeframe. That results for 1996 and 1997 Phase 11 awards are simi-
larly less than those for 1995 Phase 11 awards may therefore also be partly explained by such time lags (see figure
17). Given the significant impact of maturation time evidenced in figures 15 and 16 regarding survey and re-
survey results, approximately three to four years apart, regarding largely the same firms in the relatively mature
1983-94 Phase 11 universe, maturation time and other time lags likely would account for the significant differ-
ence between commercial and other Phase 111 survey results for 1995, 1996, and 1997 Phase Il awards versus
1983-94 Phase Il awards, as well as for the accelerating trend observable in the results for 1995 through 1997
Phase Il awards.

This accelerating trend (see figures 17 and 18) in commercial and other Phase 111 activity may possibly be
explained by the effects of NASA's greater emphasis on commercial potential, commercial capability, and com-
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mercial intent, as well as NASA's more closely aligning SBIR technology subtopics with the needs of its business
unit Enterprises, beginning with NASAs 1995 SBIR Solicitation. Given subsequent re-survey results for
1995-97 Phase 11 awards, NASA should be able to confirm the effects of these programmatic changes on com-
mercial and other Phase 111 activity.

Note: Just as the survey methodology enables NASA to specifically track results regarding Phasell awards for individual
award years 1995, 1996, and 1997, subsequent survey year efforts will enable NASA to track Phase 11 results for
individual award years 1998, 1999, and so on.

The “mills” presumption does not apply to the NASA SBIR program.

Critics sometimes refer to firms that have won several SBIR awards as SBIR “mills”, particularly in those cases
where the firm does not demonstrate a significant history of applying SBIR technology in U.S. Government or
non-U.S. Government markets. Accordingly, the primary commercial intent of “mills” would appear to be that
of generating SBIR contract revenues rather than developing products and services for sale to the Federal
Government or to other entities. In the case of NASAs SBIR program, however, about 86 percent of all 1,040
firms winning NASA Phase Il awards for award years 1983-01 have received a total of three or fewer NASA
Phase Il awards. Thus, about 86 percent of all firms winning NASA Phase Il awards had previously won not
more than two NASA Phase 11 awards (see figure 9). These firms received about 52 percent of the 2,410 Phase
Il awards made by NASA over the same period. Also, about 60 percent of all firms winning NASA Phase 11
awards for award years 1983-01 have won a total of only one NASA Phase Il over this period. These firms
received about 26 percent of all Phase 1l awards made by NASA over the period. Only 3.2 percent of NASA
Phase Il firms have won ten or more NASA Phase Il awards, accounting for about 22 percent of all Phase 11
awards made by NASA over the 1983-01 period. Only six firms, or about 0.6 percent of all of NASA’s Phase 11
firms, have won 20 or more NASA Phase Il awards over award years 1983-01. These firms received about 7
percent of all Phase 11 awards made by NASA over this period (see figures 9 and 10). Also, over the past seven
award years (1995-01), new entrant firms into the universe of NASA Phase 11 firms represent about 40 percent
of all firms winning NASA Phase 11 awards over that period (see figure 14).

Total revenues generated from applications of NASA SBIR technology in non-U.S. Government and U.S.
Government markets per NASA Phase Il award appears to be significantly greater for firms having 6 or more
NASA Phase Il awards (see figure 11). Approximately 68 percent of total revenues generated in non-U.S.
Government markets associated with NASA SBIR technology have been realized by firms having more than 3
NASA Phase 11 awards. Therefore, firms that have received a greater number of NASA Phase 11 awards would
appear to demonstrate greater commercial results from NASA's SBIR program. However, statistical linear corre-
lation coefficients regarding the association between number of Phase Il awards and revenues generated per
Phase Il in non-U.S. Government and U.S. Government markets, by firm, are mildly positive (i.e., .3).
Therefore, when the data are grouped, the positive association between commercial and other Phase 111 results
and number of Phase 1l awards, by firm, appears stronger than it really is because a limited number of firms
account for much of the success of each particular group. Also, 62 percent of the 714 firms having received 3 or
fewer NASA Phase 11 awards over the 1983-96 award year period have not demonstrated any realized revenues
from applications of NASA SBIR technology in non-U.S. Government markets or from U.S. Government Phase
I11 funding. Accordingly, 96 percent of NASA Phase Il firms not having realized any revenues from applications
of NASA SBIR technology in non-U.S. Government or U.S. Government markets have received 3 or fewer
NASA Phase 11 awards. About 18 percent of the 99 firms having received more than 3 NASA Phase 11 awards
have not realized any revenues from applications of NASA SBIR technology in either non-U.S. Government or
U.S. Government markets. Two of the 14 firms having 10 or more NASA Phase Il awards have not realized
revenues associated with NASA SBIR technology in either non-U.S. Government or U.S. Government markets.
Again, nonresponding firms and firms which NASA has been unable to locate have been assigned “zero” results
for the purposes of this study (see figure 13).
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The data suggest that NASA appears to have had limited but increasing use for the technology it has funded
under the SBIR program.

At least 10 percent of NASA Phase 11 awards have attracted NASA Phase 111 funding for either further devel-
opment or purchase of product. Also, at least 15 percent of NASA Phase 11 awards have resulted in either Phase
I11 funding from NASA or from other U.S. Government agencies (see figure 4). A minimum of 20 cents in
NASA Phase 111 funding has resulted per dollar of NASA SBIR Phase | plus Phase Il total program investment.
Also, a minimum of 46 cents in total NASA Phase Ill funding plus Phase Il funding from other U.S.
Government agencies has resulted per dollar of NASA SBIR Phase | plus Phase 11 total program investment (see
figure 3). Therefore, NASAs utility for the technology it has funded under the SBIR Program over SBIR award
years 1983-96 appears to be limited when narrowly measured by dollar amounts of NASA Phase 111 funding.
Some NASA SBIR firms report having sold products or services incorporating NASA SBIR technology, or
the ownership or other rights to the technology itself, to other private entities that in turn incorporated the
technology in deliverables to NASA under NASA procurements. The survey captures the corresponding sales by
the SBIR firm exclusively as revenues realized in non-U.S. Government markets. However, since the SBIR
executives surveyed were requested to report only on behalf of their own firms and not speculate for successive
firms in the value-added chain, the utility to NASA of NASA-sponsored SBIR technology is thereby understated
in the quantitative survey results. Also, several SBIR firms report that developing NASA SBIR technology
contributed significantly to their knowledge base, enabling them to develop other technologies that they subse-
quently applied in non-U.S. Government and U.S. Government markets. The corresponding commercial
activity attributed to this spillover effect is not captured in the survey’s quantitative results. Similarly, to the
extent that the knowledge base of NASA technical personnel has been extended by the innovative technology
developed under NASA's SBIR program and applied in defining NASA requirements in non-SBIR NASA
procurements, the utility to NASA of NASA SBIR technology is understated by the survey results.

That NASA utility for technology developed under Phase 11 awards is increasing, as narrowly measured by NASA
Phase 111 funding, is evident from a comparison of initial survey results for the 1983-94 universe of Phase Il awards
with re-survey results for virtually the same universe. NASAS survey effort has produced comparative survey and re-
survey results only for the 1983-94 universe of Phase I1 awards thus far. Initial survey results for that universe showed
NASA Phase 111 funding in the amount of $0.10 per dollar of NASA Phase | plus Phase 1l investment. Re-survey
results for the same universe approximately three to four years later yields a corresponding figure of $0.22 in NASA
Phase I11 funding per dollar of NASA Phase | plus Phase Il investment, an increase of over 100 percent. It is note-
worthy that the survey asks companies to report the more conservative (since contracts can be terminated prior to com-
pletion) metric of NASA Phase 111 “revenues received to date” rather than NASA Phase 111 “total contract amounts.”
Therefore, the maturing of NASA Phase 111 contracts as work is performed, revenues are earned, and NASA payments
are received partly accounts for the more than 100-percent increase over the three- to four-year period. Since the con-
servative metric “revenues received to date” masks the value of NASA Phase Il contracts awarded in recent years,
contract values will be included in subsequent survey results as work under NASA Phase 111 contracts is completed.
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