An Assessment of the Small Business Innovation
Research Program at the National Institutes of

éﬁglr'ltgs W. Wessner, Editor, Committee for Capitalizing
on Science, Technology, and Innovation: An
Assessment of the Small Business Innovation Research
Program, National Research Council

ISBN: 0-309-10952-3, 604 pages, 6 x 9, (2009)
This free PDF was downloaded from:
http://www.nap.edu/catalog/11964.htmi

Visit the National Academies Press online, the authoritative source for all books from the
National Academy of Sciences, the National Academy of Engineering, the Institute of
Medicine, and the National Research Council:
e Download hundreds of free books in PDF
Read thousands of books online, free
Sign up to be notified when new books are published
Purchase printed books
Purchase PDFs
Explore with our innovative research tools

Thank you for downloading this free PDF. If you have comments, questions or just want
more information about the books published by the National Academies Press, you may
contact our customer service department toll-free at 888-624-8373, visit us online, or
send an email to comments@nap.edu.

This free book plus thousands more books are available at http://www.nap.edu.

Copyright © National Academy of Sciences. Permission is granted for this material to be
shared for noncommercial, educational purposes, provided that this notice appears on the
reproduced materials, the Web address of the online, full authoritative version is retained,
and copies are not altered. To disseminate otherwise or to republish requires written
permission from the National Academies Press.

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine



http://www.nap.edu/
http://www.nas.edu/nas
http://www.nae.edu/
http://www.iom.edu/
http://www.iom.edu/
http://www.nationalacademies.org/nrc
http://www.nap.edu/
mailto:comments@nap.edu
http://www.nap.edu./

An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

AN ASSESSMENT OF THE
SBIR PROGRAM AT THE
NATIONAL INSTITUTES

OF HEALTH

Committee for
Capitalizing on Science, Technology, and Innovation:
An Assessment of the Small Business Innovation Research Program

Policy and Global Affairs

Charles W. Wessner, Editor

NATIONAL RESEARCH COUNCIL

OF THE NATIONAL ACADEMIES

THE NATIONAL ACADEMIES PRESS
Washington, D.C.
www.nap.edu

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

THE NATIONAL ACADEMIES PRESS 500 Fifth Street, N.-W. Washington, DC 20001

NOTICE: The project that is the subject of this report was approved by the Governing
Board of the National Research Council, whose members are drawn from the Councils of
the National Academy of Sciences, the National Academy of Engineering, and the Institute
of Medicine. The members of the committee responsible for the report were chosen for
their special competences and with regard for appropriate balance.

This study was supported by Contract/Grant No. DASW01-02-C-0039 between the Na-
tional Academy of Sciences and the U.S. Department of Defense, NASW-03003 between
the National Academy of Sciences and the National Aeronautics and Space Administra-
tion, DE-AC02-02ER12259 between the National Academy of Sciences and the U.S.
Department of Energy, NSFDMI-0221736 between the National Academy of Sciences
and the National Science Foundation, and NO1-OD-4-2139 (Task Order #99) between the
National Academy of Sciences and the U.S. Department of Health and Human Services.
The content of this publication does not necessarily reflect the views or policies of the
Department of Health and Human Services, nor does mention of trade names, commercial
products, or organizations imply endorsement by the U.S. Government. Any opinions,
findings, conclusions, or recommendations expressed in this publication are those of the
author(s) and do not necessarily reflect the views of the organizations or agencies that
provided support for the project.

International Standard Book Number-13: 978-0-309-10951-2
International Standard Book Number-10: 0-309-10951-5

Limited copies are available from the Policy and Global Affairs, National Research Coun-
cil, 500 Fifth Street, N.W., Washington, DC 20001; 202-334-1529.

Additional copies of this report are available from the National Academies Press, 500 Fifth
Street, N.W., Lockbox 285, Washington, DC 20055; (800) 624-6242 or (202) 334-3313
(in the Washington metropolitan area); Internet, http://www.nap.edu.

Copyright 2009 by the National Academy of Sciences. All rights reserved.

Printed in the United States of America

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

THE NATIONAL ACADEMIES

Advisers to the Nation on Science, Engineering, and Medicine

The National Academy of Sciences is a private, nonprofit, self-perpetuating society of
distinguished scholars engaged in scientific and engineering research, dedicated to the
furtherance of science and technology and to their use for the general welfare. Upon the
authority of the charter granted to it by the Congress in 1863, the Academy has a man-
date that requires it to advise the federal government on scientific and technical matters.
Dr. Ralph J. Cicerone is president of the National Academy of Sciences.

The National Academy of Engineering was established in 1964, under the charter of
the National Academy of Sciences, as a parallel organization of outstanding engineers.
It is autonomous in its administration and in the selection of its members, sharing with
the National Academy of Sciences the responsibility for advising the federal government.
The National Academy of Engineering also sponsors engineering programs aimed at
meeting national needs, encourages education and research, and recognizes the superior
achievements of engineers. Dr. Charles M. Vest is president of the National Academy of
Engineering.

The Institute of Medicine was established in 1970 by the National Academy of Sciences
to secure the services of eminent members of appropriate professions in the examina-
tion of policy matters pertaining to the health of the public. The Institute acts under the
responsibility given to the National Academy of Sciences by its congressional charter to
be an adviser to the federal government and, upon its own initiative, to identify issues of
medical care, research, and education. Dr. Harvey V. Fineberg is president of the Institute
of Medicine.

The National Research Council was organized by the National Academy of Sciences in
1916 to associate the broad community of science and technology with the Academy’s
purposes of furthering knowledge and advising the federal government. Functioning in
accordance with general policies determined by the Academy, the Council has become
the principal operating agency of both the National Academy of Sciences and the Na-
tional Academy of Engineering in providing services to the government, the public, and
the scientific and engineering communities. The Council is administered jointly by both
Academies and the Institute of Medicine. Dr. Ralph J. Cicerone and Dr. Charles M Vest
are chair and vice chair, respectively, of the National Research Council.

www.national-academies.org

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

Committee for
Capitalizing on Science, Technology, and Innovation:
An Assessment of the Small Business Innovation Research Program

Chair
Jacques S. Gansler (NAE)

Roger C. Lipitz Chair in Public Policy and Private Enterprise
and Director of the Center for Public Policy and Private Enterprise
School of Public Policy
University of Maryland

David B. Audretsch

Distinguished Professor and
Ameritech Chair of Economic
Development

Director, Institute for Development
Strategies

Indiana University

Gene Banucci
Executive Chairman
ATMI, Inc.

Jon Baron
Executive Director
Coalition for Evidence-Based Policy

Michael Borrus
Founding General Partner
X/Seed Capital

Gail Cassell (1I0OM)

Vice President, Scientific Affairs and

Distinguished Lilly Research Scholar
for Infectious Diseases

Eli Lilly and Company

Elizabeth Downing
CEO
3D Technology Laboratories

M. Christina Gabriel
Director, Innovation Economy
The Heinz Endowments

Trevor O. Jones (NAE)
Founder and Chairman
Electrosonics Medical, Inc.

Charles E. Kolb
President
Aerodyne Research, Inc.

Henry Linsert, Jr.
CEO
Columbia Biosciences Corporation

W. Clark McFadden
Partner
Dewey & LeBoeuf, LLP

Duncan T. Moore (NAE)

Kingslake Professor of Optical
Engineering

University of Rochester

Kent Murphy
President and CEO
Luna Innovations

Linda F. Powers
Managing Director
Toucan Capital Corporation

Tyrone Taylor
President
Capitol Advisors

on Technology, LL.C

Charles Trimble (NAE)
CEO, retired
Trimble Navigation

Patrick Windham
President
Windham Consulting

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

PROJECT STAFF

Charles W. Wessner
Study Director

McAlister T. Clabaugh
Program Associate

David E. Dierksheide
Program Officer

Sujai J. Shivakumar
Senior Program Officer

Adam H. Gertz
Program Associate

Jeffrey C. McCullough
Program Associate

RESEARCH TEAM

Zoltan Acs
University of Baltimore

Alan Anderson
Consultant

Philip A. Auerswald
George Mason University

Robert-Allen Baker
Vital Strategies, LLC

Robert Berger
Robert Berger Consulting, LLC

Grant Black
University of Indiana South Bend

Peter Cahill
BRTRC, Inc.

Dirk Czarnitzki
University of Leuven

Julie Ann Elston
Oregon State University

Irwin Feller
American Association for the
Advancement of Science

Vi

David H. Finifter
The College of William and Mary

Michael Fogarty
University of Portland

Robin Gaster
North Atlantic Research

Albert N. Link
University of North Carolina

Rosalie Ruegg
TIA Consulting

Donald Siegel
University of California at Riverside

Paula E. Stephan
Georgia State University

Andrew Toole
Rutgers University

Nicholas Vonortas
George Washington University

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

POLICY AND GLOBAL AFFAIRS

Ad hoc Oversight Board for
Capitalizing on Science, Technology, and Innovation:
An Assessment of the Small Business Innovation Research Program

Robert M. White (NAE), Chair
University Professor Emeritus
Electrical and Computer Engineering
Carnegie Mellon University

Anita K. Jones (NAE) Mark B. Myers

Lawrence R. Quarles Professor Senior Vice President, retired
of Engineering and Applied Xerox Corporation
Science

School of Engineering and Applied
Science

University of Virginia

Vil

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

Contents

PREFACE xiii
SUMMARY 1
1 INTRODUCTION 10

1.1 Small Business Innovation Research Program Creation and

Assessment, 10

1.2 SBIR Program Structure, 11

1.3 SBIR Reauthorizations, 12

1.4 Structure of the NRC Study, 13

1.5 SBIR Assessment Challenges, 14

1.6  Structure of This Report, 18
2 FINDINGS AND RECOMMENDATIONS 19
3 SBIR AWARDS AT NIH 42

3.1 Introduction, 42
3.2 Phase I Awards, 43

3.2.1
322
323
324

325
3.2.6

Number of Phase I Year 1 Awards, 43

Phase I—Award Size, 43

Phase I New Winners, 45

Phase I—Distribution Among the States and Within
Them, 48

Phase I Awards—By Company, 53

Phase I Awards—Woman- and Minority-owned Firms, 55

ix

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

X CONTENTS

3.2.7 Phase I Awards—By IC, 59
3.2.8 Phase [—Extended Awards: Year 2 of Support, 59
3.2.9 Phase [—Supplementary Funding, 59
3.3 Phase II Awards, 61
3.3.1 Phase II—Extended Awards, 61
3.3.2 Competing Continuation Awards, 62
3.3.3 Phase I Awards—By Company, 63
3.3.4 Phase I Awards—By State, 63
3.3.5 Phase II Women and Minorities, 68
3.3.6 Phase II—Awards by IC, 70
3.4 Phase I Applications, 70
3.4.1 Phase I Applications—By IC, 70
3.4.2 Resubmissions, 70
3.5 Phase IT Applications, 72
3.5.1 Success Rates, 72
3.5.2 Phase II—Resubmissions, 72
3.6 Contracts at NIH, 74
3.7 Program Announcements and Requests for Applications, 74

4 NIH SBIR PROGRAM—OUTCOMES 79
4.1 Introduction, 79
4.2 Commercialization, 80
4.2.1 Proposed Commercialization Indicators and
Benchmarks, 80
4.2.2 Sales and Licensing Revenues from NIH SBIR
Awards, 81
4.3 Agency Mission, 110
4.3.1 Targeted Populations, 110
4.3.2 Agency-identified Requirements and SBIR Contracts, 112
4.3.3 Identifying Mechanisms for Supporting Public Health
Through Qualitative Approaches, 113
4.3.4 Education, 115
4.3.5 Cost Savings, 115
4.3.6 Visionary and Long-term Research, 115
4.3.7 Niche Products, 116
4.4 Support for Small, Woman-owned, and Minority Business, 117
4.4.1 Small Business Shares of NIH Funding, 118
4.42 The Decision to Begin the Project, 121
4.4.3 Company Foundation, 122
4.4.4 Company Foundation and Academia, 122
4.4.5 Growth Effects, 122
4.4.6 Support for Woman- and Minority-owned Businesses, 123

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

CONTENTS

4.5

Xi

SBIR and the Expansion of Knowledge, 125
4.5.1 Patents, 125

4.5.2 Scientific Publications, 127

4.5.3 SBIR and Universities, 128

5 PROGRAM MANAGEMENT AT NIH 130
5.1 Introduction, 130
5.2 Background, 130
5.3 Outreach, 131
5.3.1 Attracting the Best Applicants, 132
5.3.2 Applications and Awards from Underserved States, 134
5.3.3 New Applicants, 135
5.3.4 Conclusions, 136
5.4 Topics, 137
5.4.1 Standard Procedure at NIH—The Omnibus Annual
Solicitation, 137
5.4.2 Procedures for Program Announcements (PAs) and
Requests for Applications (RFAs), 137
5.5 Selection, 138
5.5.1 Study Sections, 139
5.5.2 Selection Procedures, 141
5.5.3 Post-meeting Procedures, 142
5.5.4 Positive and Negative Elements of NIH Peer Review
Process, 143
5.5.5 Confidentiality and IP Issues, 144
5.5.6 Metrics for Assessing Selection Procedures, 145
5.5.7 Funding Cycles and Timelines: The NIH Gap-reduction
Model, 152
5.5.8 NIH Selection Initiatives, 153
5.6 Fast Track at NIH, 154
5.7 Funding: Award Size and Beyond, 156
5.7.1 Larger Awards at NIH, 156
5.7.2  Supplementary Funding, 157
5.7.3 Duration of Awards, 158
5.7.4 Award size: Conclusions, 160
5.8 Commercialization support, 161
5.8.1 Background, 161
5.8.2 Overview, 161
5.8.3 The Commercialization Assistance Program (CAP), 162
5.8.4 Niche Assessment Program (NAP) (for Phase 1
winners), 164
5.8.5 Outcomes and Metrics, 165
5.9 Evaluation and Assessment, 166

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

Xii CONTENTS
APPENDIXES

A NIH SBIR Program Data 171
B  NRC Phase II and Firm Surveys 241
C NRC Phase I Survey 267
D  Case Studies 275
E Bibliography 425

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

Preface

Today’s knowledge-based economy is driven in large part by the nation’s
capacity to innovate. One of the defining features of the U.S. economy is a high
level of entrepreneurial activity. Entrepreneurs in the United States see opportu-
nities and are willing and able to take on risk to bring new welfare-enhancing,
wealth-generating technologies to the market. Yet, while innovation in areas such
as genomics, bioinformatics, and nanotechnology present new opportunities,
converting these ideas into innovations for the market involves substantial chal-
lenges.! The American capacity for innovation can be strengthened by addressing
the challenges faced by entrepreneurs. Public-private partnerships are one means
to help entrepreneurs bring new ideas to market.>

The Small Business Innovation Research (SBIR) program is one of the
largest examples of U.S. public-private partnerships. An underlying thesis of the
program is that small businesses can be a strong area for new ideas, but that they
likely will need some support in their early stages, thus the desirability for public-
private partnerships in the small business, high-technology arena. Founded in
1982, SBIR was designed to encourage small business to develop new processes
and products and to provide quality research in support of the many missions
of the U.S. government. By including qualified small businesses in the nation’s
R&D effort, SBIR awards are intended to stimulate innovative new technologies

ISee Lewis M. Branscomb, Kenneth P. Morse, Michael J. Roberts, Darin Boville, Managing
Technical Risk: Understanding Private Sector Decision Making on Early Stage Technology Based
Projects, Gaithersburg, MD: National Institute of Standards and Technology, 2000.

’For a summary analysis of best practice among U.S. public-private partnerships, see National
Research Council, Government-Industry Partnerships for the Development of New Technologies:
Summary Report, Charles W. Wessner, ed., Washington, DC: The National Academies Press, 2002.

Xiii
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to help agencies meet the specific research and development needs of the nation
in many areas, including health, the environment, and national defense.

As the SBIR program approached its twentieth year of operation, the U.S.
Congress asked the National Research Council to conduct a “comprehensive
study of how the SBIR program has stimulated technological innovation and
used small businesses to meet federal research and development needs” and
make recommendations on still further improvements to the program.3 To guide
this study, the National Research Council drew together an expert committee
that includes eminent economists, small businessmen and women, and venture
capitalists, led by Dr. Jacques Gansler of the University of Maryland (formerly
Undersecretary of Defense for Acquisition and Technology.) The membership
of this committee is listed in the front matter of this volume. Given the extent
of “green-field research” required for this study, the Steering Committee in turn
drew on a distinguished team of researchers to—among other tasks—administer
surveys and case studies, and to develop statistical information about the pro-
gram. The membership of this research team is also listed in the front matter to
this volume.

This report is one of a series published by the National Academies in re-
sponse to the Congressional request. The series includes reports on the Small
Business Innovation Research Program at the Department of Defense, the De-
partment of Energy, the National Aeronautics and Space Administration, the
National Institutes of Health, and the National Science Foundation—the five
agencies responsible for 96 percent of the program’s operations. It includes, as
well, an Overview Report that provides assessment of the program’s operations
across the federal government. Other reports in the series include a summary of
the 2002 conference that launched the study, and a summary of the 2005 confer-
ence on SBIR and the Phase III Challenge of Commercialization that focused on
the Department of Defense and NASA.

PROJECT ANTECEDENTS

The current assessment of the SBIR program follows directly from an earlier
analysis of public-private partnerships by the National Research Council’s Board
on Science, Technology, and Economic Policy (STEP). Under the direction of
Gordon Moore, Chairman Emeritus of Intel, the NRC Committee on Government
Industry Partnerships prepared eleven volumes reviewing the drivers of coop-
eration among industry, universities, and government; operational assessments
of current programs; emerging needs at the intersection of biotechnology and
information technology; the current experience of foreign government partner-
ships and opportunities for international cooperation; and the changing roles of

3See SBIR Reauthorization Act of 2000 (H.R. 5667-Section 108).
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government laboratories, universities, and other research organizations in the
national innovation system.*

This analysis of public-private partnerships included two published studies
of the SBIR program. Drawing from expert knowledge at a 1998 workshop held
at the National Academy of Sciences, the first report, The Small Business Innova-
tion Research Program: Challenges and Opportunities, examined the origins of
the program and identified some operational challenges critical to the program’s
future effectiveness.’ The report also highlighted the relative paucity of research
on this program.

Following this initial report, the Department of Defense asked the NRC to
assess the Department’s Fast Track Initiative in comparison with the operation
of its regular SBIR program. The resulting report, The Small Business Innova-
tion Research Program: An Assessment of the Department of Defense Fast Track
Initiative, was the first comprehensive, external assessment of the Department of
Defense’s program. The study, which involved substantial case study and survey
research, found that the SBIR program was achieving its legislated goals. It also
found that DoD’s Fast Track Initiative was achieving its objective of greater com-
mercialization and recommended that the program be continued and expanded
where appropriate.® The report also recommended that the SBIR program overall
would benefit from further research and analysis, a perspective adopted by the
U.S. Congress.

SBIR REAUTHORIZATION AND CONGRESSIONAL
REQUEST FOR REVIEW

As a part of the 2000 reauthorization of the SBIR program, Congress called
for a review of the SBIR programs of the agencies that account collectively for
96 percent of program funding. As noted, the five agencies meeting this criterion,
by size of program, are the Departments of Defense, the National Institutes of
Health, the National Aeronautics and Space Administration, the Department of
Energy, and the National Science Foundation.

HR 5667 directed the NRC to evaluate the quality of SBIR research and
evaluate the SBIR program’s value to the agency mission. It called for an as-
sessment of the extent to which SBIR projects achieve some measure of com-

“For a summary of the topics covered and main lessons learned from this extensive study, see
National Research Council, Government-Industry Partnerships for the Development of New Technolo-
gies: Summary Report, op. cit.

3See National Research Council, The Small Business Innovation Research Program: Challenges
and Opportunities, Charles W. Wessner, ed., Washington, DC: National Academy Press, 1999.

6See National Research Council, The Small Business Innovation Research Program: An Assess-
ment of the Department of Defense Fast Track Initiative, Charles W. Wessner, ed., Washington, DC:
National Academy Press, 2000. Given that virtually no published analytical literature existed on
SBIR, this Fast Track study pioneered research in this area, developing extensive case studies and
newly developed surveys.
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mercialization, as well as an evaluation of the program’s overall economic and
noneconomic benefits. It also called for additional analysis as required to support
specific recommendations on areas such as measuring outcomes for agency strat-
egy and performance, increasing federal procurement of technologies produced
by small business, and overall improvements to the SBIR program.
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Summary

I. INTRODUCTION

The Small Business Innovation Research (SBIR) program was created in
1982 through the Small Business Innovation Development Act. As the SBIR
program approached its twentieth year of operation, the U.S. Congress requested
the National Research Council (NRC) of the National Academies to “conduct
a comprehensive study of how the SBIR program has stimulated technological
innovation and used small businesses to meet Federal research and develop-
ment needs” and to make recommendations with respect to the SBIR program.
Mandated as a part of SBIR’s reauthorization in late 2000, the NRC study has
assessed the SBIR program as administered at the five federal agencies that to-
gether make up some 96 percent of SBIR program expenditures. The agencies,
in order of program size are the Department of Defense, the National Institutes
of Health, the National Aeronautics and Space Administration, the Department
of Energy, and the National Science Foundation.

Based on that legislation, and after extensive consultations with both Con-
gress and agency officials, the NRC focused its study on two overarching ques-
tions.! First, how well do the agency SBIR programs meet four societal objectives

IThree primary documents condition and define the objectives for this study: These are the Legis-
lation—H.R. 5667, the NAS-Agencies Memorandum of Understanding, and the NAS contracts ac-
cepted by the five agencies. These are reflected the Statement of Task addressed to the Committee by
the Academies leadership. Based on these three documents, the NRC Committee developed a compre-
hensive and agreed set of practical objectives to be reviewed. These are outlined in the Committee’s
formal Methodology Report, section on “Clarifying Study Objectives.” National Research Council,
An Assessment of the Small Business Innovation Research Program—~Project Methodology, Wash-
ington, DC: The National Academies Press, 2004, accessed at: <http://www7.nationalacademies.
org/sbir/SBIR_Methodology_Report.pdf>.
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2 SBIR AT THE NATIONAL INSTITUTES OF HEALTH

of interest to Congress: (1) to stimulate technological innovation; (2) to increase
private sector commercialization of innovations (3) to use small business to
meet federal research and development needs; and (4) to foster and encourage
participation by minority and disadvantaged persons in technological innovation.?
Second, can the management of agency SBIR programs be made more effective?
Are there best practices in agency SBIR programs that may be extended to other
agencies’ SBIR programs?

To satisfy the congressional request for an external assessment of the pro-
gram, the NRC conducted empirical analyses of the operations of SBIR based
on commissioned surveys and case studies. Agency-compiled program data, pro-
gram documents, and the existing literature were reviewed. In addition, extensive
interviews and discussions were conducted with program managers, program
participants, agency ‘users’ of the program, as well as program stakeholders.

The study as a whole sought to answer questions of program operation and
effectiveness, including the quality of the research projects being conducted under
the SBIR program, the commercialization of the research, and the program’s con-
tribution to accomplishing agency missions. To the extent possible, the evaluation
included estimates of the benefits (both economic and noneconomic) achieved
by the SBIR program, as well as broader policy issues associated with public-
private collaborations for technology development and government support for
high technology innovation.

Taken together, this study is the most comprehensive assessment of SBIR
to date. Its empirical, multifaceted approach to evaluation sheds new light on the
operation of the SBIR program in the challenging area of early stage finance.
As with any assessment, particularly one across five quite different agencies
and departments, there are methodological challenges. These are identified and
discussed at several points in the text. This important caveat notwithstanding, the
scope and diversity of the report’s research should contribute significantly to the
understanding of the SBIR program’s multiple objectives, measurement issues,
operational challenges, and achievements. This volume presents the Committee’s
assessment of the SBIR program at the National Institutes of Health.

>These congressional objectives are found in the Small Business Innovation Development Act (PL
97-219). In reauthorizing the program in 1992, (PL 102-564) Congress expanded the purposes to “em-
phasize the program’s goal of increasing private sector commercialization developed through Federal
research and development and to improve the Federal government’s dissemination of information
concerning small business innovation, particularly with regard to woman-owned business concerns
and by socially and economically disadvantaged small business concerns.”

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

SUMMARY

BOX S-1
Special Features of the NIH SBIR Program

A Major Grant-based Program

The NIH SBIR Program is the second largest program after the Department of
Defense. In 2005, the program expended approximately $562 million. NIH employs
grants for almost all its SBIR awards, unlike the Department of Defense, which
relies on contracts.

Highly Decentralized Organization

SBIR operates in 23 different Institutes and Centers (ICs) at the National Insti-
tutes of Health. Each is an independent, grant-making authority, with coordination
provided by a small central office in the Office of the NIH Director. The program is
called on to meet a wide variety of needs ranging from early stage support for drug
development to medical diagnostics and devices to health related instructional
material.

A Core Research Mission and SBIR

The NIH has a different mission and structure than other agencies with large
research budgets. The NIH is focused on the pursuit of fundamental knowledge
to extend healthy life and reduce the burdens of iliness for the nation’s citizens.
Most NIH programs generally do not seek to develop products and services for
the marketplace. The SBIR program does.

SBIR at NIH

As a government grant program intended to support science and the com-
mercialization of biomedical applications for the public good, NIH SBIR does not
focus on a return on investment the way a private sector investor would. Unlike
most commercial, venture, or angel investors, NIH SBIR funds research projects,
not companies as a whole.

Procurement Is Not a Goal

The NIH SBIR program differs fundamentally from those at DoD and NASA,
where the primary objective of the program is to develop technologies for use by
the agency, via the procurement process. At NIH, the vast majority of projects
have no proposed utilization within the agency. As a result, definitions of and
metrics for “commercialization” and “agency mission” are quite different, reflecting
these different missions.
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II. SUMMARY OF KEY PROGRAM FINDINGS

The SBIR program at the National Institutes of Health is meeting most of
the four legislative objectives of the program. These are to:

1. Stimulate technological innovation;
2. Use small business to meet federal research and development needs;

3. Foster and encourage participation by minority and disadvantaged persons
in technological innovation; and

4. Increase private sector commercialization of federal R&D.
In doing so, the NIH SBIR program is:
Expanding knowledge.

o The NIH SBIR program is contributing to the nation’s stock of knowledge
and supporting products that contribute to the nation’s health.?

Supporting the NIH Mission.

o NIH’s SBIR activities are aligned with the agency’s mission, which “is sci-
ence in pursuit of fundamental knowledge about the nature and behavior of
living systems and the application of that knowledge to extend healthy life
and reduce the burdens of illness and disability.” The SBIR program funds
projects that are aligned with this mission.*

Supporting small business. The SBIR program at NIH supports a diverse
array of small businesses, which in turn contribute to achieving the NIH
mission.’

o SBIR-funded research projects appear to help small businesses develop new
technologies, processes, and products that support the NIH mission of im-
proving the nation’s health.

o Awards to woman-owned businesses have increased, and their share of all
awards is trending upward. However, the declining trend in the percentage
of Phase I and Phase I awards made to minority-owned firms is a matter
of concern. In FY2006, these firms accounted for 5.6 percent of Phase I
awards and 3.3 percent of Phase II awards.® Data collection on these groups
(described below) has been problematic.’

3See Finding H in Chapter 2.

“See Finding C in Chapter 2.

3See Finding D in Chapter 2.

%See Finding E in Chapter 2. See also Figures 4-18 and 2-1.

"Note: Following discussions with the NRC staff, the NIH made an effort to recalculate the data

for woman and minority owners’ participation in the SBIR program. In September 2007, the NIH
provided corrected data, which is shown in Appendix A and in several figures in this report. However,
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* Achieving Significant Commercialization.

o A variety of metrics shows that a meaningful percentage of NIH SBIR proj-
ects enter the commercial market.

o NRC Phase II Survey data shows that 40 percent of SBIR-funded projects
reach the marketplace. This is an impressive figure for such early-stage re-
search. Data from NIH indicates that this figure is likely to rise significantly
over time.®

o A smaller number (3-4 percent) of projects each generate more than $5 mil-
lion in revenues, a skew not atypical of early-stage technology funding.’

o To facilitate commercialization further, NIH has undertaken a series of ini-
tiatives to help awardees develop effective commercialization plans.!°

* Attracting third-party funding. SBIR awards help small companies to create
products and the expertise needed to attract third-party funding. This additional
funding is derived from a variety of sources, including

o Angel and venture funding. SBIR awardees at NIH have attracted the
interest of private equity investors. Initial NRC research suggests that some
50 of the 200 NIH SBIR awardees with the highest number of awards have
received venture funding totaling more than $1.5 billion.!!

o Acquisition. In some cases, the technology developed through an SBIR
award demonstrated sufficient commercial potential to attract investors in-

apparent anomalies in the NIH data on the participation of women and minorities in 2001-2002 could
not be resolved by the time of publication of this report.

8See Figure 4-1.

9See Figure 4-2. Of the 496 projects recently surveyed by the NRC Phase II Survey, one firm gener-
ated revenues of more than $50 million. This type of “skew”—in which a majority of projects fail or
are modestly successfully while a small proportion earns large revenues—is not atypical of early-stage
finance and has been noted in previous research. See National Research Council, The Small Business
Innovation Research Program: An Assessment of the Department of Defense Fast Track Initiative,
Charles W. Wessner, ed., Washington, DC: National Academy Press, 2000. See also Joshua Lerner,
“’Public Venture Capital’: Rationales and Evaluation,” in National Research Council, The Small
Business Innovation Research Program: Challenges and Opportunities, Charles W. Wessner, ed.,
Washington, DC: National Academy Press, 1999.

10To implement the Commercialization Assistance Program, NIH procured the services of Larta
Institute, a business-consulting firm located in Los Angeles, CA. To implement the Niche Assess-
ment Program, NIH procured the services of Foresight Science and Technology of Providence, RI.
To implement the 2007 Pilot Manufacturing Assistance Program, NIH has procured the services of
Dawnbreaker of Rochester, NY. The NIH Commercialization Assistance Plan (CAP) is described in
more detail in Chapter 4.

!1See Figure 4-7. See the discussion of the relationship between SBIR awardees and venture funds
in Finding G in Chapter 2. To better understand the ramifications of the ruling, NIH has commissioned
additional NRC research to identify the impact of the 2004 SBA ruling excluding majority venture
backed firms from the program.
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terested in acquisition of the company receiving the award. For example, in
2000, Philips bought out SBIR recipient Optiva for a reported sum of more
than $1 billion.'?

o Other private investment. A significant number of awardees have received
additional funds from a wide range of sources, notably angel investors and
non-SBIR government support. Fifty-eight percent of the NRC Phase II
Survey respondents attracted additional investment, not including additional
SBIR awards. '3

* Encouraging commercialization. NIH is encouraging commercialization
through the NIH SBIR Technology Assistance Program, utilizing limited pro-
gram funds to enhance the commercialization efforts of small businesses. '

* Developing an assessment culture.

o Following the congressional mandate for this study, the NIH program
management launched its first major assessment of the SBIR program at
NIH.!> The results of this analysis proved useful for the NRC review of the
program.

o The commissioning of this research, coupled with the support and close en-
gagement of the program management with the NRC assessment, suggests
the growth of a positive assessment culture at NIH with regard to the SBIR
program.

III. SUMMARY OF KEY RECOMMENDATIONS

The Committee’s recommendations are designed to improve the operation
of an already effective SBIR program at NIH.'®

A. The NIH should retain its distributed management structure for the
program while increasing evaluation efforts, improving data collection,
obtaining additional resources, and encouraging upper management
attention.

12See Box 4-3 in Chapter 4 for a description of the Optiva case. Paradoxically, the acquisition of a
firm can sometimes limit reporting of commercialization success. The acquired firm normally does not
respond to surveys even if it previously had a positive sales record. Not all nonrespondents, of course,
are successful; many have gone out of business, yet acquisition of successful firms does constrain the
ability of the survey to capture what are often significant sales.

13See Table 4-9. Data reflects information from the NRC Phase II Survey.

14See Finding B in Chapter 2.

I5National Institutes of Health, Office of Extramural Research, “National Survey to Evalu-
ate the NIH SBIR Program: Final Report,” July 2003. Available online at: <http://grants.nih.
gov/grants/funding/sbir_report_2003_07.pdf>.

10The recommendations below are drawn from analysis of the data, review of program operations,
and discussions with program participants.
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. Flexibility. It is most important that the program retain the flexibility

and experimentation that have characterized its recent management. The
SBIR program is effective across the agencies because a “one-size fits
all” approach has not been imposed.!” This flexible approach may well be
extended, subject to careful monitoring, across the Institutes and Centers
of the NIH.

Evaluation. Much greater effort is required to evaluate current out-
comes, collect relevant data, and document the impact of changes to the
program.'®

i. Efforts to identify outcomes should be improved.

ii. Regular evaluations should be undertaken to enable managers to as-
sess program performance and the results of management initiatives.

. Innovation. Efforts to initiate program innovation by NIH should be sub-

stantially strengthened and encouraged. Pilot programs are one mechanism
that allow for the efficient implementation and subsequent assessment of
new initiatives.!?

Annual report. Program accountability should be improved through the
development and publication of a much-expanded annual report on the
NIH SBIR program, in order to supplement current reporting to the SBA
and to provide a more complete picture of the program for the NIH man-
agement, Congress, awardees, and applicants.?°

B. The NIH SBIR program is focused on commercialization and has seen
meaningful achievement. However, the limited number of highly success-
ful commercial projects suggests that continued management attention
and additional efforts to facilitate commercialization are needed.>!

1.

Commercialization programs. NIH should continue to experiment with
commercialization programs, monitor their result, and adopt them for
general application when they show signs of success.

Funding for commercialization programs. Congress should consider
expanding funding, if only to account for inflation, and relaxing the current
restrictions on spending for this purpose.

C. The program should be provided with additional management funding to

17See Recommendation H in Chapter 2.

18See Recommendations A and I in Chapter 2.
19See Recommendation I in Chapter 2.

20See Recommendation C in Chapter 2.

21See Recommendation B in Chapter 2.
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develop and maintain a results-oriented program with a focused evalu-
ation culture.??

1. Effective oversight relies on appropriate funding. A data-driven program
requires high quality data and systematic assessment. As noted above,
sufficient resources are not currently available for these functions.

2. Increased funding is needed to provide effective oversight, including site
visits, program review, systematic third-party assessments, and other nec-
essary management activities.

3. To enhance program utilization, management, and evaluation, addi-
tional funds should be provided. There are three ways that this might be
achieved:

i. Additional funds might be allocated internally, within the existing
budgets of the services and agencies, as the Navy has done.

ii. Funds might be drawn from the existing set-aside for the program to
carry out these activities.

iii. The set-aside for the program, currently at 2.5 percent of external
research budgets, might be increased, with the goal of providing ad-
ditional resources to maximize the program’s return to the nation.

4. These recommended improvements should enable the NIH SBIR managers
to address the four mandated congressional objectives in a more efficient
and effective manner.

Possible areas of improvement and experimentation. The NRC study iden-
tified a number of areas where improvements in the program would make it
significantly better. While some of these may require NIH-wide initiatives,
others might be addressed initially through carefully designed and evaluated
pilot programs. Such a capability would need to be developed, and could
also be used to address some recent developments that have already occurred
within the program. Key areas for potential improvement include:

1. Improving selection procedures. Chapter 5 of this report outlines a num-
ber of areas where the selection process could be improved. These include
more attention to possible conflicts of interest and addressing difficulties
in evaluating commercialization plans.?

2. Speeding cycle time. Fairly minimal management changes focused
on reducing the cycle time for awards could substantially accelerate
innovation.?*

22See Recommendation J in Chapter 2.
23See Section 5.5.
24See Recommendation H in Chapter 2.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

SUMMARY 9

3. Developing a rationale for large awards.>

i. The NIH program has recently experimented with a limited number
of substantially larger awards. In itself, this could be a positive step,
reflecting the flexibility in experimentation that characterizes an ef-
fective SBIR program.

ii. Assessing the impact of the larger awards is challenging insofar as
NIH has not developed a clearly articulated rationale for these awards,
and no systematic effort has been made to determine the impact of
extra large awards.

iii. Thus while flexibility remains a laudable characteristic of the pro-
gram, deviations from established program boundaries should be
based on clear rationales and followed by equally clear assessment
programs to determine whether such initiatives have been effective.
This is especially important in this case because larger award size
necessarily implies a smaller number of awards.

4. Understanding the impact of program change, e.g., the limits on ven-
ture funding. NIH is the agency most affected by the SBA ruling barring
firms with 51 percent venture funding (or other nonindividual) ownership
from the program. To better understand the ramifications of the ruling for
the NIH SBIR Program, the NIH recently commissioned an empirical
analysis by the National Academies. Timely assessment of the impact of
major changes in the program should be a standard practice.?®

5. Improving monitoring of awards to women and minorities. Program
management resources to do not appear sufficient to permit effective moni-
toring of the program on a consistent basis, nor the development of appro-
priate databases to underpin this effort. These difficulties have been most
apparent in relation to collecting data and monitoring the participation of
women and minorities, one of the four primary congressional mandates
for the program.?’

2See Recommendation I-4 in Chapter 2.
26See Finding G in Chapter 2.
27See Recommendation D in Chapter 2.
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Introduction

1.1 SMALL BUSINESS INNOVATION RESEARCH
PROGRAM CREATION AND ASSESSMENT

Created in 1982 by the Small Business Innovation Development Act, the
Small Business Innovation Research (SBIR) program was designed to stimulate
technological innovation among small private-sector businesses while providing
the government cost-effective new technical and scientific solutions to chal-
lenging mission problems. SBIR was also designed to help to stimulate the U.S.
economy by encouraging small businesses to market innovative technologies in
the private sector. !

As the SBIR program approached its twentieth year of existence, the U.S.
Congress requested that the National Research Council (NRC) of the National
Academies conduct a “comprehensive study of how the SBIR program has
stimulated technological innovation and used small businesses to meet Federal
research and development needs,” and make recommendations on improvements
to the program.?> Mandated as a part of SBIR’s renewal in 2000, the NRC study
has assessed the SBIR program as administered at the five federal agencies that
together make up 96 percent of SBIR program expenditures. The agencies are, in

!The SBIR legislation drew from a growing body of evidence, starting in the late 1970s and accel-
erating in the 1980s, which indicated that small businesses were assuming an increasingly important
role in both innovation and job creation. This evidence gained new credibility with the Phase I em-
pirical analysis by Zoltan Acs and David Audretsch of the U.S. Small Business Innovation Database,
which confirmed the increased importance of small firms in generating technological innovations and
their growing contribution to the U.S. economy. See Zoltan Acs and David Audretsch, Innovation
and Small Firms, Cambridge, MA: The MIT Press, 1990.

2See Public Law 106-554, Appendix [—H.R. 5667, Section 108.

10
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decreasing order of program size: the Department of Defense (DoD), the National
Institutes of Health (NIH), the National Aeronautics and Space Administration
(NASA), the Department of Energy (DoE), and the National Science Foundation
(NSF).

The NRC Committee assessing the SBIR program was not asked to consider
if SBIR should exist or not—Congress has affirmatively decided this question on
three occasions.? Rather, the Committee was charged with providing assessment-
based findings to improve public understanding of the program as well as recom-
mendations to improve the program’s effectiveness.

1.2 SBIR PROGRAM STRUCTURE

Eleven federal agencies are currently required to set aside 2.5 percent of
their extramural research and development budget exclusively for SBIR awards.
Each year these agencies identify various R&D topics, representing scientific
and technical problems requiring innovative solutions, for pursuit by small busi-
nesses under the SBIR program. These topics are bundled together into individual
agency “solicitations”—publicly announced requests for SBIR proposals from
interested small businesses. A small business can identify an appropriate topic it
wants to pursue from these solicitations and, in response, propose a project for
an SBIR award. The required format for submitting a proposal is different for
each agency. Proposal selection also varies, though peer review of proposals on
a competitive basis by experts in the field is typical. Each agency then selects
the proposals that are found best to meet program selection criteria, and awards
contracts or grants to the proposing small businesses.

As conceived in the 1982 Act, SBIR’s award-making process is structured in
three phases at all agencies:

* Phase I awards essentially fund feasibility studies in which award winners
undertake a limited amount of research aimed at establishing an idea’s
scientific and commercial promise. Today, the legislation anticipates
Phase I awards as high as $100,000.

e Phase II awards are larger—typically about $750,000—and fund more
extensive R&D to further develop the scientific and commercial promise
of research ideas.

* Phase III. During this phase, companies do not receive additional funding
from the SBIR program. Instead, award recipients should be obtaining
additional funds from a procurement program at the agency that made the

3These are the 1982 Small Business Development Act, and the subsequent multi-year reauthoriza-
tions of the SBIR program in 1992 and 2000.

“With the agreement of the Small Business Administration, which plays an oversight role for the
program, this amount can be substantially higher in certain circumstances, e.g., drug development at
NIH, and is often lower with smaller SBIR programs, e.g., EPA or the Department of Agriculture.
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award, from private investors, or from the capital markets. The objective
of this phase is to move the technology from the prototype stage to the
marketplace.

Obtaining Phase III support is often the most difficult challenge for new
firms to overcome. In practice, agencies have developed different approaches to
facilitate SBIR grantees’ transition to commercial viability; not least among them
are additional SBIR awards.

Previous NRC research has shown that firms have different objectives in
applying to the program. Some want to demonstrate the potential of promising
research but may not seek to commercialize it themselves. Others think they
can fulfill agency research requirements more cost-effectively through the SBIR
program than through the traditional procurement process. Still others seek a
certification of quality (and the investments that can come from such recognition)
as they push science-based products towards commercialization.’

1.3 SBIR REAUTHORIZATIONS

The SBIR program approached reauthorization in 1992 amidst continued
concerns about the U.S. economy’s capacity to commercialize inventions. Find-
ing that “U.S. technological performance is challenged less in the creation of
new technologies than in their commercialization and adoption,” the National
Academy of Sciences at the time recommended an increase in SBIR funding
as a means to improve the economy’s ability to adopt and commercialize new
technologies.®

Following this report, the Small Business Research and Development En-
hancement Act (P.L. 102-564), which reauthorized the SBIR program until Sep-
tember 30, 2000, doubled the set-aside rate to 2.5 percent.” This increase in
the percentage of R&D funds allocated to the program was accompanied by a
stronger emphasis on encouraging the commercialization of SBIR-funded tech-

5See Reid Cramer, “Patterns of Firm Participation in the Small Business Innovation Research
Program in Southwestern and Mountain States,” in National Research Council, The Small Business
Innovation Research Program: An Assessment of the Department of Defense Fast Track Initiative,
Charles W. Wessner, ed., Washington, DC: National Academy Press, 2000.

See National Research Council, The Government Role in Civilian Technology: Building a New
Alliance, Washington, DC: National Academy Press, 1992, p. 29.

"For FY2003, this has resulted in a program budget of approximately $1.6 billion across all federal
agencies, with the Department of Defense having the largest SBIR program at $834 million, followed
by the National Institutes of Health at $525 million. The DoD SBIR program, is made up of 10 par-
ticipating components: Army, Navy, Air Force, Missile Defense Agency (MDA), Defense Advanced
Research Projects Agency (DARPA), Chemical Biological Defense (CBD), Special Operations Com-
mand (SOCOM), Defense Threat Reduction Agency (DTRA), National Imagery and MapPhasing
Agency (NIMA), and the Office of Secretary of Defense (OSD). NIH counts 23 separate institutes
and agencies making SBIR awards, many with multiple programs.
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nologies.? Legislative language explicitly highlighted commercial potential as a
criterion for awarding SBIR awards. For Phase I awards, Congress directed pro-
gram administrators to assess whether projects have “commercial potential,” in
addition to scientific and technical merit, when evaluating SBIR applications.

The 1992 legislation mandated that program administrators consider the
existence of second-phase funding commitments from the private sector or other
non-SBIR sources when judging Phase II applications. Evidence of third-phase
follow-on commitments, along with other indicators of commercial potential,
was also to be sought. Moreover, the 1992 reauthorization directed that a small
business’ record of commercialization be taken into account when evaluating its
Phase 1I application.’

The Small Business Reauthorization Act of 2000 (P.L. 106-554) extended
SBIR until September 30, 2008. It called for this assessment by the National
Research Council of the broader impacts of the program, including those on
employment, health, national security, and national competitiveness. '

1.4 STRUCTURE OF THE NRC STUDY

This NRC assessment of SBIR has been conducted in two phases. In the first
phase, at the request of the agencies, a research methodology was developed by
the NRC. This methodology was then reviewed and approved by an independent
National Academies panel of experts.!! Information about the program was
also gathered through interviews with SBIR program administrators and during
two major conferences where SBIR officials were invited to describe program

8See Robert Archibald and David Finifter, “Evaluation of the Department of Defense Small Busi-
ness Innovation Research Program and the Fast Track Initiative: A Balanced Approach,” in National
Research Council, The Small Business Innovation Research Program: An Assessment of the Depart-
ment of Defense Fast Track Initiative, op. cit., pp. 211-250.

A GAO report had found that agencies had not adopted a uniform method for weighing commer-
cial potential in SBIR applications. See U.S. General Accounting Office, Federal Research: Evalua-
tions of Small Business Innovation Research Can Be Strengthened, GAO/RCED-99-114, Washington,
DC: U.S. General Accounting Office, 1999.

10The current assessment is congruent with the Government Performance and Results Act (GPRA)
of 1993, accessed at: <http://govinfo.library.unt.edu/npr/library/misc/s20.html>. As characterized
by the GAO, GPRA seeks to shift the focus of government decisionmaking and accountability away
from a preoccupation with the activities that are undertaken—such as grants dispensed or inspections
made—to a focus on the results of those activities. See <http://www.gao.gov/new.items/gpra/gpra.
htm>.

National Research Council, An Assessment of the Small Business Innovation Research Program:
Project Methodology, Washington, DC: The National Academies Press, 2004. The methodology report
is available on the Web. Access at: <http://www7.nationalacademies.org/sbir/SBIR_Methodology_
Report.pdf>.
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operations, challenges, and accomplishments.!? These conferences highlighted
the important differences in each agency’s SBIR program’s goals, practices, and
evaluations. The conferences also explored the challenges of assessing such a
diverse range of program objectives and practices using common metrics.

The second phase of the NRC study implemented the approved research
methodology. The Committee deployed multiple survey instruments and its re-
searchers conducted case studies of a wide profile of SBIR firms. The Committee
then evaluated the results and developed both agency-specific and overall find-
ings and recommendations for improving the effectiveness of the SBIR program.
The final report includes complete assessments for each of the five agencies and
an overview of the program as a whole.

1.5 SBIR ASSESSMENT CHALLENGES

At its outset, the NRC’s SBIR study identified a series of assessment chal-
lenges that must be addressed. As discussed at the October 2002 conference that
launched the study, the administrative flexibility found in the SBIR program
makes it difficult to make cross-agency assessments. Although each agency’s
SBIR program shares the common three-phase structure, the SBIR concept is
interpreted uniquely at each agency. This flexibility is a positive attribute in that
it permits each agency to adapt its SBIR program to the agency’s particular mis-
sion, scale, and working culture. For example, NSF operates its SBIR program
differently than DoD because “research” is often coupled with procurement of
goods and services at DoD but rarely at NSF. Programmatic diversity means
that each agency’s SBIR activities must be understood in terms of their separate
missions and operating procedures. This commendable diversity makes an assess-
ment of the program as a whole more challenging.

A second challenge concerns the linear process of commercialization implied
by the design of SBIR’s three-phase structure.!3 In the linear model, illustrated
in Figure 1-1, innovation begins with basic research supplying a steady stream
of fresh and new ideas. Among these ideas, those that show technical feasibility
become innovations. Such innovations, when further developed by firms, become
marketable products driving economic growth.

As NSF’s Joseph Bordogna observed at the study’s initial conference, in-
novation almost never takes place through a protracted linear progression from

12The opening conference on October 24, 2002, examined the program’s diversity and assessment
challenges. For a published report of this conference, see National Research Council, SBIR: Program
Diversity and Assessment Challenges, Charles W. Wessner, ed. Washington, DC: The National Acad-
emies Press, 2004. The second conference, held on March 28, 2003, was titled, “Identifying Best
Practice.” The conference provided a forum for the SBIR Program Managers from each of the five
agencies in the study’s purview to describe their administrative innovations and best practices.

3This view was echoed by Duncan Moore: “Innovation does not follow a linear model. It stops and
starts.” National Research Council, SBIR: Program Diversity and Assessment Challenges, op. cit.
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Basic Research |->| Applied Research |->| Development |->| Commercialization

FIGURE 1-1 The linear model of innovation.

research to development to market. Research and development drives technologi-
cal innovation, which, in turn, opens up new frontiers in R&D. True innovation,
Bordogna noted, can spur the search for new knowledge and create the context in
which the next generation of research identifies new frontiers. This nonlinearity,
illustrated in Figure 1-2, makes it difficult to rate the efficiency of SBIR program.
Inputs do not match up with outputs according to a simple function.

A third assessment challenge relates to the measurement of outputs and
outcomes. Program realities can and often do complicate the task of data gather-
ing. In some cases, for example, SBIR recipients receive a Phase I award from
one agency and a Phase II award from another. In other cases, multiple SBIR
awards may have been used to help a particular technology become sufficiently
mature to reach the market. Also complicating matters is the possibility that for
any particular grantee, an SBIR award may be only one among other federal and
nonfederal sources of funding. Causality can thus be difficult, if not impossible,
to establish. The task of measuring outcomes is made harder because companies
that have garnered SBIR awards can also merge, fail, or change their name be-
fore a product reaches the market. In addition, principal investigators or other
key individuals can change firms, carrying their knowledge of an SBIR project
with them. A technology developed using SBIR funds may eventually achieve
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commercial success at an entirely different company than that which received
the initial SBIR award.

Complications plague even the apparently straightforward task of assessing
commercial success. For example, research enabled by a particular SBIR award
may take on commercial relevance in new unanticipated contexts. At the launch
conference, Duncan Moore, former Associate Director of Technology at the
White House Office of Science and Technology Policy (OSTP), cited the case
of SBIR-funded research in gradient index optics that was initially considered
a commercial failure when an anticipated market for its application did not
emerge. Years later, however, products derived from the research turned out to
be a major commercial success.!* Today’s apparent dead end can be a lead to a
major achievement tomorrow. Lacking clairvoyance, analysts cannot anticipate
or measure such potential SBIR benefits.

Gauging commercialization is also difficult when the product in question
is destined for public procurement. The challenge is to develop a satisfactory
measure of how useful an SBIR-funded innovation has been to an agency mis-
sion. A related challenge is determining how central (or even useful) SBIR
awards have proved in developing a particular technology or product. In some
cases, the Phase I award can meet the agency’s need—completing the research
with no further action required. In other cases, surrogate measures are often
required. For example, one way of measuring commercialization success is to
count the products developed using SBIR funds that are procured by an agency
such as DoD. In practice, however, large procurements from major suppliers are
typically easier to track than products from small suppliers such as SBIR firms.
Moreover, successful development of a technology or product does not always
translate into successful “uptake” by the procuring agency. Often, the absence
of procurement may have little to do with the product’s quality or the potential
contribution of SBIR.

Understanding failure is equally challenging. By its very nature, an early-
stage program such as SBIR should anticipate a high failure rate. The causes of
failure are many. The most straightforward, of course, is technical failure, where
the research objectives of the award are not achieved. In some cases, the project
can be technically successful but a commercial failure. This can occur when
a procuring agency changes its mission objectives and hence its procurement
priorities. NASA’s new Mars Mission is one example of a mission shift that may
result in the cancellation of programs involving SBIR awards to make room for
new agency priorities. Cancelled weapons system programs at the Department
of Defense can have similar effects. Technologies procured through SBIR may
also fail in the transition to acquisition. Some technology developments by small
businesses do not survive the long lead times created by complex testing and

14Duncan Moore, “Turning Failure into Success,” in National Research Council, SBIR: Program
Diversity and Assessment Challenges, op. cit., p. 94.
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certification procedures required by the Department of Defense. Indeed, small
firms encounter considerable difficulty in penetrating the “procurement thicket”
that characterizes defense acquisition.'> In addition to complex federal acquisi-
tion procedures, there are strong disincentives for high-profile projects to adopt
untried technologies. Technology transfer in commercial markets can be equally
difficult. A failure to transfer to commercial markets can occur even when a tech-
nology is technically successful if the market is smaller than anticipated, compet-
ing technologies emerge or are more competitive than expected, or the product
is not adequately marketed. Understanding and accepting the varied sources of
project failure in the high-risk, high-reward environment of cutting-edge R&D is
a challenge for analysts and policy makers alike.

This raises the issue concerning the standard on which SBIR programs
should be evaluated. An assessment of SBIR must take into account the ex-
pected distribution of successes and failures in early-stage finance. As a point
of comparison, Gail Cassell, Vice President for Scientific Affairs at Eli Lilly,
has noted that only 1 in 10 innovative products in the biotechnology industry
will turn out to be a commercial success.'® Similarly, venture capital funds often
achieve considerable commercial success on only two or three out of twenty or
more investments.!’

In setting metrics for SBIR projects, therefore, it is important to have a realis-
tic expectation of the success rate for competitive awards to small firms investing
in promising but unproven technologies. Similarly, it is important to have some
understanding of what can be reasonably expected—that is, what constitutes
“success” for an SBIR award, and some understanding of the constraints and op-
portunities successful SBIR awardees face in bringing new products to market.

SFor a description of the challenges small businesses face in defense procurement, the subject
of a June 14, 2005, NRC conference and one element of the congressionally requested assessment
of SBIR, see National Research Council, SBIR and the Phase IIl Challenge of Commercialization,
Charles W. Wessner, ed., Washington, DC: The National Academies Press, 2007. Relatedly, see
remarks by Kenneth Flamm on procurement barriers, including contracting overhead and small firm
disadvantages in lobbying in National Research Council, SBIR: Program Diversity and Assessment
Challenges, op. cit., pp. 63-67.

16Gail Cassell, “Setting Realistic Expectations for Success,” in National Research Council, SBIR:
Program Diversity and Assessment Challenges, op. cit., p. 86.

17See John H. Cochrane, “The Risk and Return of Venture Capital,” Journal of Financial Econom-
ics, 75(1) 2005:3-52. Drawing on the VentureOne database Cochrane plots a histogram of net venture
capital returns on investments that “shows an extraordinary skewness of returns. Most returns are
modest, but there is a long right tail of extraordinary good returns. 15% of the firms that go public or
are acquired give a return greater than 1,000%! It is also interesting how many modest returns there
are. About 15% of returns are less than 0, and 35% are less than 100%. An IPO or acquisition is not
a guarantee of a huge return. In fact, the modal or ‘most probable’ outcome is about a 25% return.”
See also Paul A. Gompers and Josh Lerner, “Risk and Reward in Private Equity Investments: The
Challenge of Performance Assessment,” Journal of Private Equity, 1 (Winter 1977):5-12. Steven D.
Carden and Olive Darragh, “A Halo for Angel Investors” The McKinsey Quarterly, 1, 2004 also show
a similar skew in the distribution of returns for venture capital portfolios.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

18 SBIR AT THE NATIONAL INSTITUTES OF HEALTH

From the management perspective, the rate of success also raises the question of
appropriate expectations and desired levels of risktaking. A portfolio that always
succeeds would not be investing in high-risk, high pay-off projects that push the
technology envelope. A very high rate of “success” would, thus, paradoxically
suggest an inappropriate use of the program. Understanding the nature of success
and the appropriate benchmarks for a program with this focus is therefore impor-
tant to understanding the SBIR program and the approach of this study.

1.6 STRUCTURE OF THIS REPORT

This report sets out the Committee’s assessment of the SBIR program at
the National Institutes of Health. The Committee’s detailed findings and recom-
mendations are presented in the next chapter. The Committee finds that the NIH
SBIR program largely meets it legislative objectives and makes recommendations
to improve program outcomes. Chapter 3 reviews awards made by NIH. It ana-
lyzes data supplied by NIH, reflecting on both the advantages and disadvantages
of NIH data gathering methods. Chapter 4 looks at the outcomes of the NIH
SBIR program, including commercial sales and employment effects. Chapter 5
examines how the SBIR program at NIH is managed, including an explanation
of the NIH award cycle, outreach efforts to attract the best applicants, and initia-
tives to support the commercialization of SBIR-funded technologies. Appendix
A presents program data collected by NIH, DoD, and the NRC. Appendix B and
C provide the template and results of the NRC Firm Survey and surveys of SBIR
Phase I and Phase II projects. Appendix D presents illustrative case studies of
firms participating in the NIH SBIR program. Finally, Appendix E provides a
reference bibliography.
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Findings and Recommendations

I. NRC STUDY FINDINGS

A. The NIH SBIR program is making significant progress in achieving the
congressional goals for the program. The SBIR program is sound in concept
and effective in practice at NIH. With the programmatic changes recom-
mended here, the SBIR program should be even more effective in achieving
its legislative goals.!

1. Overall, the program has made significant progress in achieving its
congressional objectives by:

o Stimulating technological innovation;
o Using small business to meet federal research and development needs;

o Fostering and encourage participation by minority and disadvantaged
persons in technological innovation; and

o Increasing private sector commercialization of innovations derived from
federal research and development.

B. The NIH SBIR program is focused on commercialization and has seen

'Small Business Innovation Development Act (PL 97-219). In reauthorizing the program in 1992,
(PL 102-564) Congress expanded the purposes to “emphasize the program’s goal of increasing private
sector commercialization developed through Federal research and development and to improve the
Federal government’s dissemination of information concerning small business innovation, particu-
larly with regard to woman-owned business concerns and by socially and economically disadvantaged
small business concerns.”

19
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meaningful achievement. There are, nonetheless, opportunities for im-
provement in commercialization.

1. A significant percentage of SBIR projects are commercialized to some
degree.

i. Reaching the market. NRC Phase II Survey data suggest that 40
percent? of SBIR-funded projects reach the marketplace.®> Over time,
NIH data suggests that this figure will rise significantly; subsequent
assessment is required to capture this trend.

ii. Revenue skew. The survey data also show that a much smaller num-
ber (7.9 percent of NRC Phase II Survey respondents) of projects
generate more than $5 million in revenues.* This type of “skew” or
concentration—in which a majority of projects are at least modestly
successful while a small proportion earns large revenues—is typical
of early-stage finance.’

iii. Licensing revenue. In some cases, substantial licensing revenues
have been generated on the basis of SBIR-funded projects.®

iv. Additional private investment. Some companies have received sub-
stantial additional investment from the private sector, or have been

ZForty point seven percent of NRC Phase II Survey respondents reported sales. The NIH Survey
found that 30.3 percent of the projects surveyed reached the marketplace. National Institutes of
Health, National Survey to Evaluate the NIH SBIR Program: Final Report, July 2003.

3See Figure 4-1.

“See Figure 4-2. One of the 496 projects recently surveyed by the NRC generated revenues of
more than $50 million. Case studies identified other projects not included in the survey with similar
results (e.g., Optiva, Martek).

3As with investments by angel investors or venture capitalists, SBIR awards result in highly con-
centrated sales, with a few awards accounting for a very large share of the overall sales generated
by the program. These are appropriate referent groups, though not an appropriate group for direct
comparison, not least because SBIR awards often occur earlier in the technology development cycle
than where venture funds normally invest. Nonetheless, returns on venture funding tend to show the
same high skew that characterizes commercial returns on the SBIR awards. See John H. Cochrane,
“The Risk and Return of Venture Capital,” Journal of Financial Economics, 75(1):3-52, 2005. Draw-
ing on the VentureOne database Cochrane plots a histogram of net venture capital returns on invest-
ments that “shows an extraordinary skewness of returns. Most returns are modest, but there is a long
right tail of extraordinary good returns. 15 percent of the firms that go public or are acquired give a
return greater than 1,000 percent! It is also interesting how many modest returns there are. About 15
percent of returns are less than 0, and 35 percent are less than 100 percent. An IPO or acquisition is
not a guarantee of a huge return. In fact, the modal or ‘most probable’ outcome is about a 25 percent
return.” See also Paul A. Gompers and Josh Lerner, “Risk and Reward in Private Equity Investments:
The Challenge of Performance Assessment,” Journal of Private Equity, 1(Winter 1977):5-12. Steven
D. Carden and Olive Darragh, “A Halo for Angel Investors,” The McKinsey Quarterly, 1, 2004 also
show a similar skew in the distribution of returns for venture capital portfolios.

See Table 4-7.
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bought by other companies, both of which indicate that the company
has developed something of value.’

2. NIH has increased the significance of the commercialization compo-
nent of applications over time.

i. More efforts are now made to ensure that commercialization criteria
are applied during Phase II selection.

ii. NIH has developed several programs under the Technology Assis-
tance Program aimed at helping awardees develop and implement ef-
fective commercialization plans. Outside contractors have been hired
to implement these programs.?

iii. However, because the focus on commercialization and the deploy-
ment of assistance programs are recent, the impact of these efforts
on commercialization is not yet clear, although initial results are
encouraging, as participant firms have attracted $68 million in third
party funding.’

3. SBIR-funded research projects enable small businesses to attract
third-party interest.

i. Venture funding. Third parties that identify substantial value in SBIR
projects sometimes provided additional funding for the grantee com-
pany. At least 50 of the 200 most frequent winners of NIH SBIR
awards have received venture funding, and those investments totaled
more than $1.5 billion (1992-2005).10

ii. Acquisition. In other cases, the technology developed had sufficient
commercial potential that investors bought the grantee company out-
right. For example, in 2000, Philips bought out SBIR recipient Optiva
for a reported sum of more than $1 billion.!!

iii. Multiple other sources. Many grantees have found additional funds
from a wide range of sources, including angel funding. Fifty-eight
percent of NRC Phase I Survey respondents attracted some additional
investment (excluding further SBIR awards).!?

7See Table 4-11.

8See Section 5.8.5.2—Commercialization Assistance Program.

9See Section 5.8.5.2.

10See Figure 4-7. Other analyses have put the number much higher. See U.S. General Account-
ability Office, Small Business Innovation Research: Information on Awards Made by NIH and DoD
in Fiscal Years 2002 through 2004, GAO 06-565, Washington, DC: U.S. Government Accountability
Office, 2006.

11See Box 4-3 in Chapter 4.

12See Table 4-9.
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C. The NIH SBIR program is operated in alignment with the agency’s
mission!’: awards are made for research that supports improved health
within the United States.

1. SBIR funds projects that have a positive impact on public health.

i.

ii.

Effective mission alignment. All NIH awards appear to be selected
primarily on the basis of their potential to advance knowledge and
provide solutions in the field of health care and biomedicine. There is
no evidence that NIH awards are made in fields outside those linked
to the agency’s mission.

Positive impact on healthcare. SBIR awards have had a substantial
impact on many aspects of health care. For example, SBIR awards
played an important role in the development of a retractable non-
stick needle that makes immunization safer, labor saving advances
in the monitoring of epileptics, communication technologies for the
disabled, disease specific tests, and improved infant formulas that are
sold worldwide. SBIR awards have also helped develop tools that are
used by researchers such as an SNP genotyping system, educational
CDs and videos, as well as devices with large impacts on small
populations—such as the SBIR-supported heart stent—SBIR awards
have also helped develop devices with smaller impacts on very large
populations, such as the Sonicare electric toothbrush, along with many
other improvements in medical technology and practice.

The impact of an SBIR project on public health is carefully considered
during the selection process. Grantees and NIH staff note that impact
effects are an important component in every application. In all the
cases examined, NIH SBIR funded projects related to public health
and biomedical science and technology.

D. The SBIR program at NIH has provided significant support for small busi-
ness, frequently acting as the impetus for projects and firm creation.

The NRC Phase II Survey and NRC Firm Survey show that the SBIR pro-
gram has provided substantial benefits for participating small businesses in a
number of different ways. Responses indicate that these benefits include:

1. Company creation. Just over 25 percent of companies indicated that they
were founded entirely or partly because of an SBIR award;'4

I3NIH’s mission “is science in pursuit of fundamental knowledge about the nature and behavior of
living systems and the application of that knowledge to extend healthy life and reduce the burdens of
illness and disability.” Access at <http://www.nih.gov/about/>.

14See Table 4-20.
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2.

The project initiation decision. More than 50 percent of SBIR-funded
projects reportedly would not have taken place without SBIR funding;

Alternative path development. Companies often use SBIR to fund alter-
native development strategies, exploring technological options in parallel
with other activities;

Partnering and networking. SBIR funding pays for outside resources,
especially academic consultants and partners, thereby contributing to net-
working effects and facilitating the transfer of university knowledge to the
private sector;

Commercializing academic research. The partnering between academic
institutions and private firms (noted above) and the role of academ-
ics in founding firms contribute to the commercialization of university
research. '3

Support for minority- and woman-owned firms. Data from NIH raise con-
cerns about the shares of awards being made to woman- and minority-owned
firms.

1.

Awards, applications, and success rates have all declined for minorities,
for both Phase I and Phase II (see Figures 2-1 and 2-2), while awards for
woman-owned firms have not kept pace with the growth in female Ph.D.
recipients in the life scientists.

. Further research is required to determine whether the pool of potential

applicants is not growing fast enough to keep pace with expanded SBIR
funding, or whether there are other explanations for these trends.

. From 2003-2006, average Phase II success rates (awards as a percent-

age of applications) for minority-owned businesses are almost 10 per-
centage points lower than those of firms that are neither woman- or
minority-owned.

NIH SBIR awards are open to new entrants.

1.

2.

High proportion of new entrants. The Phase I share of previous non-
winners is quite large, ranging between just under 50 percent in 2000 and
just above 35 percent in 2005.'® As the number of successful participants
in the program rises, the proportion of new entrants may be diminishing.
Still, the awards are widely distributed, with more than 1,300 companies
receiving at least one Phase II award from 1992 to 2002.

Few frequent award winners. Another measure of openness is the rela-

15See Table 4-21.
16See Figure 3-5.
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FIGURE 2-1 Share of Phase II awards to woman- and minority-owned firms, 1992-
2006.

NOTE: Following discussions with the NRC staff, the NIH made an effort to recalculate
the data for woman and minority owners’ participation in the SBIR program. In Septem-
ber 2007, the NIH provided corrected data, which is shown in Appendix A and in several
figures in this report. However, apparent anomalies in the NIH data on the participation
of women and minorities in 2001-2002 could not be resolved by the time of publication
of this report.

SOURCE: National Institutes of Health.
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FIGURE 2-2 Success rates for Phase II applications and awards to woman- and minority-
owned firms, 1992-2006.

NOTE: Following discussions with the NRC staff, the NIH made an effort to recalculate
the data for woman and minority owners’ participation in the SBIR program. In Septem-
ber 2007, the NIH provided corrected data, which is shown in Appendix A and in several
figures in this report. However, apparent anomalies in the NIH data on the participation
of women and minorities in 2001-2002 could not be resolved by the time of publication
of this report.

SOURCE: National Institutes of Health.
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tively low number of frequent award winners at NIH. Only five companies
have been identified as receiving more than 20 Phase II awards between
FY 1992 and FY2005, and only three received 30 or more, with the maxi-
mum being 34171819

3. Improving access. The SBIR program at NIH has also made efforts to
improve access to the program for researchers outside the “high-award”
states. The number of states receiving one or zero Phase II awards de-
clined from 28 in 1995 to 16 in 2003. Similarly, the percentage of Phase II
awards going to California fell from 22.8 percent to 13.6 percent in that
time period (though the actual number of awards increased in light of the
substantial increase in NIH funding during the period).

G. Venture funding and SBIR.

1. Synergies. There can often be useful synergies between angel and venture
capital investments and SBIR funding; each of these funding sources tends
to select highly promising companies.

i. Angel investment. Angel investors often find SBIR awards to be
an effective mechanism to bring a company forward in its develop-
ment to the point where risk is sufficiently diminished to justify
investment.?”

ii. Venture investment. Reflecting this synergy, initial NRC review in-
dicates about 25 percent of the top 200 NIH Phase IT award winners

17See Table 3-6.

I8NTH has declined to provide company identification data on privacy grounds, so multiple win-
ners are calculated by matching company names. This approach may understate the full distribution
of multiple-award winners, even though additional cross-checks of the data were made to reduce the
impact of these inaccuracies. The accuracy of these data could be improved by using EINs if they
became available.

19The top 20 percent of winning companies together received 11.1 percent of awards. This is sig-
nificantly lower than the Department of Defense.

20See Figure 4-7. See the presentation “The Private Equity Continuum” by Steve Weiss, Executive
Committee Chair of Coachella Valley Angel Network, at the Executive Seminar on Angel Funding,
University of California at Riverside, December 8-9, 2006, Palm Springs, CA. In a personal commu-
nication, Weiss points out the critical contributions of SBIR to the development of companies such
as CardioPulmonics. The initial Phase I and II SBIR grants allowed the company to demonstrate the
potential of their products in animal models of an intravascular oxygenator to treat acute lung infec-
tions and thus attract angel investment and subsequently venture funding. Weiss cites this case as an
example of how the public and private sectors can collaborate in bringing new technology to markets.
Steve Weiss, Personal Communication, December 12, 2006.

Copyright © National Academy of Sciences. All rights reserved.




sessment of the Small Business Innovation Research Program at the National Institutes of Health
'www.nap.edu/catalog/11964.html

26 SBIR AT THE NATIONAL INSTITUTES OF HEALTH

(1992-2005) have acquired some venture funding in addition to the
SBIR awards.?!

2. Program change. During the first two decades of the program, some
venture-backed companies participated in the program, receiving SBIR
awards in conjunction with outside equity investments. During this lengthy
period, the participation of venture funded firms was not an issue.

In a 2002 directive, the Small Business Administration said that to be eli-
gible for SBIR the small business concern should be “at least 51 percent
owned and controlled by one or more individuals who are citizens of, or
permanent resident aliens in, the United States, except in the case of a joint
venture, where each entity to the venture must be 51 percent owned and
controlled by one or more individuals who are citizens of, or permanent
resident aliens in, the United States.”?2 The effect of this directive has been
to exclude companies in which VC firms have a controlling interest.>

i. Itis important to keep in mind that the innovation process often does
not follow a crisp, linear path. Venture capital funds normally (but
not always) seek to invest when a firm is sufficiently developed in
terms of products to offer an attractive risk-reward ratio.>* Yet even
firms benefiting from venture funding may well seek SBIR awards

2I'The GAO report on venture funding within the NIH and DoD SBIR programs used a somewhat
different methodology to identify firms with VC funding. As a result of the approach adopted, no
conclusions can be drawn from the study as to whether firms identified as VC-funded are in fact
excluded from the SBIR program on ownership grounds. In addition, the number of VC-funded
firms—reportedly 18 percent of all NIH firms receiving Phase II awards from 2001-2004—is con-
siderably higher than suggested by preliminary NRC analysis. U.S. General Accountability Office,
Small Business Innovation Research: Information on Awards made by NIH and DoD in Fiscal years
2001-2004, op. cit.

22Access the SBA’s 2002 SBIR Policy Directive, Section 3(y)(3) at <http://www.zyn.com/sbir/
sbres/sba-pd/pd02-S3.htm>.

23This new interpretation of “individuals” resulted in the denial by the SBA Office of Hearings and
Appeals of an SBIR grant in 2003 to Cognetix, a Utah biotech company, because the company was
backed by private investment firms in excess of 50 percent in the aggregate. Access this decision at
<http://www.sba.gov/aboutsba/sbaprograms/oha/allcases/sizecases/siz4560.txt>. The ruling by the
Administrative Law Judge stated that VC firms were not “individuals,” i.e., “natural persons,” and
therefore SBIR agencies could not give SBIR grants to companies in which VC firms had a control-
ling interest. The biotechnology and VC industries have been dismayed by this ruling, seeing it as
a new interpretation of the VC-small business relationship by SBA. See, for example, testimony by
Thomas Bigger of Paratek Pharmaceuticals before the U.S. Senate Small Business Committee, July
12, 2006.

24The last 10 years has seen a decline in venture investments in seed and early stage and a con-
comitant shift away from higher-risk early-stage funding. See National Science Board, Science and
Engineering Indicators 2006, Arlington, VA: National Science Foundation, 2006. This decline is
reportedly particularly acute in early-stage technology phases of biotechnology where the investment
community has moved toward later-stage projects, with the consequence that early-stage projects have
greater difficulty raising funds. See the testimony by Jonathan Cohen, founder and CEO of 20/20
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as a means of exploring a new concept, or simply as a means of
capitalizing on existing research expertise and facilities to address a
health-related need or, as one participant firm explained, to explore
product-oriented processes not “amenable to review” by academics
who review the NIH RO1 grants.?

ii. Some of the most successful NIH SBIR award winning firms—such
as Martek—have, according to senior management, been successful
only because they were able to attract substantial amounts of venture
funding as well as SBIR awards.?®

iii. Other participants in the program believe that companies benefiting
from venture capital ownership are essentially not small businesses
and should therefore not be entitled to access the small percentage
of funds set aside for small businesses, i.e., the SBIR Program. They
believe further that including venture-backed firms would decrease
support for high-risk innovative research in favor of low-risk product
development often favored by venture funds.?’

3. Limits on venture funding. The ultimate impact of the 2004 SBA rul-
ing remains uncertain. What is certain is that no empirical assessment
of its impact was made before the ruling was implemented. At the same
time, the claims made by proponents and opponents of the change appear
overstated.

i. Preliminary research indicates that approximately 25 percent of the
NIH SBIR Phase II winners have received VC funding; that some of
these are now graduates of the program (having grown too large or left
for other reasons), and some are also not excluded by the ruling be-
cause they are still less than 50 percent VC owned. Yet it is important
to recognize that these companies may be disproportionately among

GeneSystems, at the House Science Committee Hearing on “Small Business Innovation Research:
What is the Optimal Role of Venture Capital,” July 28, 2005.

258ee the statements by Ron Cohen, CEO of Acorda Technologies, and Carol Nacy, CEO of Se-
quella Inc, at the House Science Committee Hearing on “Small Business Innovation Research: What
is the Optimal Role of Venture Capital,” July 28, 2005. Squella’s Dr. Nacy’s testimony captures the
multiple sources of finance for the 17-person company (June 2005). They included—founder equity
investments; angel investments; and multiple, competitive scientific research grants, including SBIR
funding for diagnostics devices, vaccines, and drugs. SBIR funding was some $6.5 million out of a
total of $18 million in company funding. Dr. Nacy argues that SBIR funding focuses on research to
identify new products while venture funding is employed for product development.

26See Box 4-4 in Chapter 4.

?ISee the testimony by Jonathan Cohen, founder and CEO of 20/20 GeneSystems, at the House
Science Committee Hearing on “Small Business Innovation Research: What is the Optimal Role of
Venture Capital,” op. cit. In the same hearing Mr. Fredric Abramson, President and CEO of Alpha-
Genics, Inc., argues that “any change that permits venture owned small business to compete for SBIR
will jeopardize biotechnology innovation as we know it today.”
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the companies—such as previous highly successful SBIR companies
that were also VC funding recipients Invitrogen, MedImmune, and
Martek—most likely to generate significant commercial returns.?®
What is not known is how many companies are failing to apply to the
program as a result of the ruling.

ii. For firms seeking to capitalize on the progress made with SBIR
awards, venture funding may be the only plausible source of funding
at the levels required to take a product into the commercial mar-
ketplace. Neither SBIR nor other programs at NIH are available to
provide the average of $8 million per deal currently characterizing
venture funding agreements.?’

iii. For firms with venture funding, SBIR may allow the pursuit of high
risk research or alternative path development that is not in the primary
commercialization path, and hence is not budgeted for within the
primary development path of the company.3°

4. An empirical assessment. As noted above, the SBA ruling concerning
eligibility alters the way the program operated during the period of this
review (1992-2002), as it has, presumably, from the program’s origin.
Anecdotal evidence and initial analysis indicate that a limited number of
venture-backed companies have been participating in the program. To bet-
ter understand the impact of the SBA exclusion of firms receiving venture
funding (resulting in majority ownership), the NIH recently commissioned
an empirical analysis by the National Academies. This is a further positive
step towards an assessment culture and should provide data necessary to
illuminate the ramifications of this ruling.3!

2For discussion of the factors affecting the returns to venture capital organizations, including
incentive and information problems and the role venture funds have played in supporting a limited
number of highly successful firms, see P. Gompers and J. Lerner, The Venture Capital Cycle, Cam-
bridge: The MIT Press, 2000, Ch. 1.

2See National Venture Capital Association, Money Tree Report, November, 2006. The mean
venture capital deal size for the first three quarters of 2006 was $8.03 million. This trend has been
accelerated by the growth of larger venture firms. See P. Gompers and J. Lerner, The Venture Capital
Cycle, op. cit., Ch 1.

30Firms that have used SBIR in this manner include Neurocrine and Illumina. The latter indicated
in interviews that these alternative paths later become critical products that underpinned the success
of the company.

3IThis research will address questions such as: which NIH SBIR participating companies have been
or are likely to be excluded from the program as a result of the 2002 rule change on Venture Capital
Company ownership?; and what is the likely impact of the 2002 ruling had it been applied during the
1992-2006 timeframe and what is its probable current impact? Key variables will include the pres-
ence and amount of SBIR support, the receipt of venture capital funding or other outside funding, and
output measures including those related to commercialization and knowledge generation.
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H. Stimulating technological innovation. The SBIR program at NIH is fulfill-
ing its mission to support the transfer of knowledge into the marketplace. In
the process, it is encouraging the general expansion of medical knowledge.
The program supports innovation and knowledge transfer in several ways:

1. Patents and publications. SBIR companies have generated numerous
patents and publications, the traditional measures of knowledge transfer
activity. Thirty-four percent of projects surveyed by NRC generated at
least one patent, and just over half resulted in at least one peer-reviewed
article.??

2. Knowledge transfer from universities. The NRC Phase II Survey and
NRC Firm Survey also suggest that SBIR awards are supporting the trans-
fer of knowledge, firm creation, and partnerships between universities and
the private sector:

i. In more than 80 percent of responding companies with projects at
NIH, at least one founder was previously an academic.33

ii. About 33 percent of founders were most recently employed as aca-
demics before the creation of their company.

iii. About 34 percent of NIH projects had university faculty as contractors
on the project, 24 percent used universities as subcontractors, and 15
percent employed graduate students.3

3. Indirect paths. There is strong anecdotal evidence concerning beneficial
“indirect path” effects—that projects provide investigators and research
staff with knowledge that may later become relevant in a different con-
text—often in another project or even another company. While these ef-
fects are not directly measurable, discussion during interviews and case
studies suggest they exist.3’

I. The NIH SBIR program has not benefited from regular evaluation.

1. Prior to the congressional legislation authorizing this study, no sys-
tematic, external program assessment had been undertaken at NIH.

2. A culture of assessment is now developing. Significant progress has

32See Table 4-23. Without detailed identifying data on these patents and publications, it is not
feasible to apply bibliometric and patent analysis techniques to assess the relative importance of
these patents and publications.

3See Table 4-21.

3See Table 4-25.

3For a discussion of the “indirect path” phenomenon with regard to the results of innovation
awards, see Rosalie Ruegg, “Taking a Step Back: An Early Results Overview of Fifty ATP Awards,”
in National Research Council, The Advanced Technology Program: Assessing Outcomes, Charles W.
Wessner, ed., Washington, DC: National Academy Press, 2001.
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already been made in this area. Following the congressional initiative
requesting this assessment, NIH commissioned its first large-scale survey
of the impact of the SBIR program.3® The 2003 award recipient survey
represents a positive step towards an assessment culture, but a range of
issues still need to be addressed and a more systematic approach to evalu-
ation adopted.

In the absence of regular internal and external assessment efforts, the
NIH SBIR program is at present not sufficiently evidence based.

i. Partly as a result of insufficient resources, data collection, reporting,
and analytic capabilities are insufficient, limiting the program’s capac-
ity for self-assessment.

ii. This lack of assessment, together with the decentralized character of
the program, means that program management does not have adequate
information about how their actions affect outcomes such as commer-
cialization, knowledge generation, and networking.

J. The SBIR Coordinator’s office lacks the funds to manage the program
effectively. The lack of resources makes it challenging to manage, moni-
tor, and evaluate the program’s performance.

1.

Management resources. If NIH is to take an empirical approach to im-
portant program management decisions, sufficient resources are required
to collect program data and to analyze it effectively. More resources are
required to conduct regular internal and external evaluations of program
outcomes.

Limited monitoring. Only limited program monitoring is undertaken.
For example, there appears to be no mechanism through which an un-
derperforming firm could be excluded from the program, nor is there a
formal mechanism through which past performance is integrated into
either project review or further selection.?” Weaknesses in the support of
minority- and to a lesser extent woman-owned businesses were not effec-
tively identified and monitored. No site visits to awardees are currently
funded.

36National Institutes of Health, “National Survey to Evaluate the NTH SBIR Program: Final Report,”
July 2003. Available online at: <hrtp://grants.nih.gov/grants/funding/sbir_report_2003_07.pdf>.

¥For example, it appears that no single staff member is individually responsible to monitor
multiple-award winners across ICs, or indeed to consistently track program metrics. Thus the com-
pany winning the most Phase I awards at NIH (78) has received only 11 Phase II awards, and has
generated no known products and few patents in the course of 10 years of effort. It may be that this
firm is working effectively in ways not captured by these data, but the firm has apparently not received
a site visit in 10 years, and no one at NIH appears to be charged with assessing whether these funds
are being used effectively.
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3. Modest management engagement. In many cases, SBIR responsibilities
are a small part of an Institute and Center (IC) manager’s much larger port-
folio of projects, and reportedly Institute and Center senior management
interest in SBIR is often modest. An absence of management engagement
with the program can negatively impact perceptions of the program as well
as the resources and staff devoted to its operation.

4. Limited benchmarking for success. The SBIR Program Coordinator’s
office appears to have few formal operational benchmarks for program
success, other than compliance—i.e., the full annual disbursement of
award funding. This is also true for individual Institutes and Centers that
disburse funds and operate the program.

5. Limited analytic capacity and utilization. Decisions that affect the char-
acter of the program are made and implemented in the absence of data-
based analysis, and without clear benchmarks for assessing the success or
failure of a given initiative. The recent increase in the mean and median
size of Phase I and Phase II awards provides a good example. NIH staff
have offered a number of different justifications for the change, but no
systematic analysis or review appears to have been made beforehand, and
no post hoc assessment of the impact is currently underway.

K. Selection concerns. While some interviewees and staff believed that the NIH
peer-based selection process is generally equitable and procedurally fair, the
selection process generated the most criticisms both internally and externally.
Verifying the accuracy of these criticisms is inherently difficult. They are
cited here because they were repeatedly raised in interviews and should be
reviewed in turn by the management. Key criticisms included:

1. Limited commercial review. The commercial potential of projects is
often assessed by academic scientists who may have little knowledge
of the marketplace.

2. Conflicts of interest. Some applicants fear that both academic and
nonacademic reviewers may have conflicts of interest with proposals.
The challenge, of course, is to find reviewers who are knowledgeable
but do not have competing interests.

3. Timeliness. Some believe that insufficient effort is made to ensure that
the review process is completed as rapidly as possible. This is espe-
cially important for small business applicants that need to move for-
ward expeditiously to take advantage of a time-sensitive opportunity.

4. Resubmission. The opportunity to resubmit proposals is a major
advantage of the NIH program, because it allows applicants to fix
minor problems with their proposals and resubmit the applications. It
is often cited by NIH staff in response to criticisms of the selection
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process. While a very positive mechanism, it should be understood
that resubmission can impose real costs on small firms in a commer-
cial environment where delayed funding brings about inefficiencies
and lost opportunities. A more timely, targeted response to review
mechanism may be required.

II. RECOMMENDATIONS

The recommendations in this section are designed to improve the operation of
the NIH SBIR program.3® It is important to keep in mind that the program is
achieving its legislative goals. Meaningful commercialization is occurring and
the awards made under the program are making valuable additions to biomedi-
cal knowledge and developing products to apply that knowledge to the nation’s
health. With the programmatic changes recommended here, the NIH SBIR pro-
gram should be even more effective in achieving its legislative goals.

A. The NIH should increase commercialization and evaluation efforts, im-
prove data collection, expand outreach, especially for minorities and
women, develop a culture of critical evaluation, obtain additional man-
agement resources for these tasks, and encourage upper management
attention to better exploit the program’s potential.

1. Flexibility. It is most important that the program retain the flexibility and
experimentation that have characterized its recent management. The SBIR
program is effective across the agencies because a “one-size fits all” ap-
proach has not been imposed.

2. Evaluation. Much greater effort is required to evaluate current outcomes,
collect relevant data, including with regard to participation of minority-
and woman-owned firms, and document the impact of changes to the
program.

i. Significant improvement in data collection and assessment is
needed.

ii. Efforts to identify outcomes across a variety of metrics should be
improved.

iii. Regular internal and external evaluations should be undertaken to
enable managers to assess program performance and the results of
management initiatives.

3. Innovation. Efforts to initiate program innovation by NIH should be
substantially strengthened and encouraged with due regard for best prac-

3The Committee’s recommendations below are drawn from analysis of the NRC survey data,
review of program operations, and discussions with program participants.
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tice lessons from other programs. Pilot programs, possibly for individual
Institutes and Centers are one mechanism that allow for the efficient
implementation and subsequent assessment of new initiatives.

4. These recommended improvements should enable the NIH SBIR manag-
ers to address the four mandated congressional objectives in a more ef-
ficient and effective manner.

B. The NIH SBIR program is focused on commercialization and has seen
significant achievement. Nonetheless, there are also clear opportunities
for further improvement. Continued management attention and addi-
tional efforts and resources to facilitate commercialization are needed.

1. Commercialization programs. NIH should continue to experiment with
commercialization programs, encouraging general application when they
show signs of measurable success. Current data indicate that of the 114
companies participating in the Technology Assistance Program in 2004-
2005, 23 had received a total of $22 million in additional funding. Other
milestone indicators were also positive.

2. Funding for commercialization programs. Congress should consider
updating the current limits on spending for this purpose. The current
limit of $4,000 per year per awardee imposes considerable constraints on
innovative programming in this area. Consideration should be given to
substantially increasing this amount, and the flexibility of its use.

C. NIH should adopt a more data-driven culture for its SBIR program, with
regular assessment driving policy and program management. The current
evaluation efforts at NIH are a good start. Given sufficient additional funding,
the Committee recommends:

1. Annual SBIR Program Report. The NIH SBIR Program Coordinator
should be tasked with preparing a much expanded annual SBIR Program
Report for submission to a new Advisory Board (see E, below). The report
should summarize all relevant data about awards, outcomes, and program
initiatives and activities.

2. Assessment plan. The program should review its data collection program,
identify improvements and develop a formal plan for evaluation and as-
sessment. The internal assessment program should be supported by sys-
tematic, objective outside review and evaluation of the NIH program.

D. NIH should focus greater attention on participation by minority- and
woman-owned firms in the program.

1. Encourage participation. NIH should encourage woman- and minority-
owned businesses to submit SBIR proposals and track their successes in
winning Phase I and Phase II awards.
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2. Improve data collection and analysis. Data collection efforts, as noted
above, need to be substantially improved, particularly with regard to
women and minorities.

i.

ii.

The absence of effective, timely monitoring of minority and woman
participation is troubling. This should be corrected on an urgent
basis.

Further analysis of the data, backed by case interviews, should be
undertaken to determine the sources of recent trends and the steps that
might be taken to address them.

3. Extend outreach to younger woman and minority students. NIH should
encourage and solicit women and underrepresented minorities working at
small firms to apply as Principal Investigators and Co-Investigators for
SBIR awards and track their success rates.

i.

ii.

Encourage emerging talent. The number of women and, to a lesser
extent, minorities graduating with advanced scientific and engineering
degrees has been increasing significantly over the past decade, espe-
cially in the biomedical sciences. This means that many of the woman
and minority scientists and engineers with the advanced degrees usu-
ally necessary to compete effectively in the SBIR program are rela-
tively young and may not yet have arrived at the point in their careers
where they own their own companies. They should be encouraged to
serve as principal investigators (PIs) and/or senior co-investigators
(Co-Is) on SBIR projects.

Track success rates. The Committee also strongly encourages NIH
to gather and publish the data that would track woman and minority
principal investigators (PIs), and to ensure that SBIR is an effective
road to opportunity for these Pls as well as for woman- and minority-
owned firms. The success rates of woman and minority PIs and Co-Is
are a traditional measure of their participation in the non-SBIR re-
search grants funded by nonmission research agencies like NIH and
NSF, and should be an appropriate measure of woman and minority
participation in the SBIR program. After all, experience as a Principal
Investigator or Co-Investigator on a successful SBIR program may
well give a woman or minority scientist or engineer the personal
confidence and standing with agency program officers that encourage
them to apply for SBIR awards and found their own firms.

E. The NIH should consider creating an independent Advisory Board that
draws together senior agency managers, outside experts, and other stake-
holders to review current operations and recommend changes to the
program.
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1. An annual Program Report could be presented to the Board on an
annual basis. The Board would review the report, including program
progress, management practices, and make recommendations to senior
NIH officials in charge.

2. The Board might be assembled on the model of the Defense Science
Board. It could include senior NIH staff from the ICs and the Director’s
Office, on an ex officio basis, and bring together, inter alia, representatives
from industry (including award recipients), academics, and other experts
in early-stage finance and program management.

F. NIH should support and encourage the use of better tools for quality
control and evaluation of the SBIR program.

1. Monitor outcomes. As part of the proposed annual Program Report, the
Coordinator should monitor SBIR awards and outcomes across the NIH
and each institute should develop a similar and compatible capacity.

2. Suggestions from surveys. As part of future surveys, a particular effort
should be made to gather suggestions for future program improvement
from survey recipients.

3. Benchmarks. Operational program benchmarks for both process and
outcomes should be developed and used to assess program effectiveness
at every IC as well as for the program as a whole.

4. Public information. NIH should considerably improve the public distri-
bution of information about the program, including recent data on awards
and on outcomes.

5. Clear responsibilities. As noted above, the IC management, at the senior
level should be responsible for the effective management of each IC-based
program and, in cooperation with the SBIR Program Coordinator, share
responsibility for serving the needs of both the NIH and the applicants and
recipients of SBIR awards.

G. NIH should consider ways in which the current approach to SBIR award
selection might benefit from more program-specific adaptations. Specifi-
cally, there appears to be room for improvements in the following areas:

1. Conflict of interest. NIH should explore means of addressing perceived
conflicts of interest within the SBIR selection process. While there are
inevitable tensions between the need for expertise on selection panels and
the interests of those experts, some applicants have expressed concern
that the current honor system may not work effectively to deal with those
tensions in all cases.

2. Disclosure. While disclosure of conflicts is mandatory, NIH could con-
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sider mechanisms for ensuring that such disclosure is as effective as pos-
sible. NIH might consider spot-checking disclosure statements to improve
compliance and to signal that NIH views compliance as important.

. Voting. NIH might consider adjusting the voting mechanism, to help en-

sure that individual panel members do not exert undue influence on award
decisions. Currently, all scores from review panelists are counted; exclud-
ing outlier scores might be considered.

. Oversight. The proposed SBIR Advisory Board should be responsible for

addressing these and other issues related to award selection, in conjunc-
tion with relevant staff at the Center for Scientific Review (CSR—the NIH
Center that manages the selection process for the other IC’s).

. Commercial review. While the NIH SBIR program has registered sub-

stantial commercial success, awardees and agency staff have suggested
that there is room for considerable improvement, not least in the way in
which selection processes assess commercial potential. The difficulties in-
volved in balancing the need for effective commercial review with the risk
of conflicts of interest have not been adequately addressed by NIH. The
agency should consider adopting pilot programs that could improve the
quality and fairness of commercial reviews.3” Possible options include:

i. Hiring professional commercialization consultants and attaching
them to specific study sections. This option could provide significant
additional expertise as a resource for the study sections, without fun-
damentally changing the review process. It should be evaluated on a
test basis and reviewed for enhanced commercialization outcomes.

ii. Adding staff with industry experience. Adding new staff members
with significant industry experience in the development and commer-
cialization of new products could bring a new dimension to the review
and assessment experience.

iii. Separating commercial and scientific review processes, with com-
mercial review considered by a separate, possibly semi-permanent,
panel of commercial experts appointed (or hired) specifically for this

purpose.
iv. Follow-up assessment. Best practices might be better identified in the

selection process by closer analysis of the connection between award
outcomes and selection processes.

H. NIH is to be commended for its flexible, industry-driven approach to the

¥mproving the commercial review process, which this recommendation addresses, is not the same
as enhancing commercial potential as a criterion for successful review.
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SBIR award process. To improve the program’s operation further, NIH
should consider mechanisms for substantially shortening the average
time between initial application and cash-in-hand for award winners.*°

1. Strengths of the NIH SBIR award process include:

i. Multiple opportunities. In particular, NIH should be commended for
providing three application deadlines, rather than the annual deadline
used at some other agencies, encourages timeliness, reduces delay,
and therefore facilitates participation by microfirms.

ii. Resubmission. The availability of resubmission is another important
and positive aspect of the NIH program, allowing companies to fix
problems with their applications rather than simply rejecting them, as
is the practice at other SBIR programs.

iii. Investigator-driven applications. NIH’s investigator-driven approach
to topics also makes it unnecessary for applicants to wait for the
“right” topic to be part of a solicitation. This program flexibility is a
major advantage of the NIH program.

2. Notwithstanding these strengths, the NIH SBIR program still faces chal-
lenges: Even with these advantages, delays still occur. For example,
companies sometimes cannot afford to accept the delays involved in
resubmission, and, in some cases, they cannot afford the overall time lags
inherent in the full cycle from initial application to cash-in-hand. These
delays and uncertainties tend to reduce the effectiveness of the program
and should be reduced where possible.

3. Suggested mechanisms for improving the decision cycle include:

i. NIH should develop a selection process that is tuned as much as
possible to the specific needs of small business. The current award
process is tightly intertwined with the selection process for other NIH
programs, notably RO1. This approach may be entirely appropriate for
awards to academic institutions and university faculty, but it is often
less appropriate for an award program for small business, where de-
lays can in many cases lead firms to abandon promising research.

ii. The recent NIH shift to electronic submission is an encouraging
development, one that was identified early on in this study. It
should help to reduce cycle delays, especially if NIH uses the new
system as an opportunity to improve the process as a whole. The

“ORighty percent of NIH respondents to the NRC Phase II Survey indicated that they had experi-
enced a gap between Phase I and Phase II.
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NASA model and DoE’s recent conversion are potential guides to
best practice.

Quick rebuttal. Numerous winners and applicants stated in inter-
views that review panels simply did not understand their applications,
or rejected them on questionable grounds.

o NIH should seek ways to use new technology as the basis for new
procedures that would allow a more iterative approach within a
single review cycle.

o Resubmission is not in itself an adequate response to this problem,
in light of the substantial delays it imposes on applicants.*! One
approach would be to have NIH change its selection process to
make a short written summary from the lead reviewer available
electronically to the applicant before the study section meeting. The
applicant could then provide a one-page commentary or rebuttal, to
be distributed immediately before the meeting. This process might
have multiple positive benefits, including improving perceptions of
fairness and adding quality control to the selection process.

4. The Committee strongly encourages NIH to experiment with different ap-
proaches to selection using the pilot program approach described below.

NIH should develop a formal mechanism for designing, implementing,
and evaluating pilot programs.

1. Need for experimentation. Addressing these concerns will require re-
sources and time for experimentation.

i.

ii.

Preserving flexibility. Making changes initially through pilot pro-
grams allows NIH to alter selected areas on a provisional basis. A
single approach may not work for a program that funds such highly
diverse projects with very different capital requirements and very dif-
ferent product development cycles.

Lowering cost. Pilot programs allow Institutes to investigate program
improvements at lower risk and lower cost than through changes to
the program as a whole. However, effective pilot programs require
rigorous design and evaluation.

2. Program changes need follow-up assessment. Some of the most sig-
nificant changes to the SBIR program at NIH—notably changes in award
size—have apparently occurred without any evaluation or a clearly articu-

#IBecause rejections are received too late for applicants to resubmit during the next submission
cycle, an additional delay of 4 months is widely experienced in addition to the actual time needed to
review the proposal again.
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lated rationale. Other changes, such as the recent NCI-led commercializa-
tion assistance pilot, lack a formal evaluation and assessment component.
Performance benchmarks, metrics, and timely evaluation, internal and
external, should be included in program modifications.

3. Improving perceptions of fairness. Additional improvements to the pro-
gram to address perceptions of unfairness should be considered. These
could include more commercial expertise, the right of rebuttal, enhanced
use of resubmission, and measures to address perceptions of conflict of
interest.

4. Suggested pilot programs. NIH should consider pilot programs designed
to shorten the program’s award cycle time to be more commercially rel-
evant, refine certain selection processes, and better assess the impact of
the trend toward increased award sizes:

i. Larger awards. NIH is unique in the extent to which funding has
been made available beyond the standard limits set by SBA. This
flexibility is both appropriate and valuable.

o The use of large awards at NIH raises some important questions.
NIH staff has offered several different justifications for larger
awards.*?> None of these rationales has been based on research and
assessment of the program, notwithstanding the possible impact of
larger awards on the program.

o At a minimum, NIH should develop a clear justification for these
larger awards, based primarily on data drawn from the program or
elsewhere, which addresses the range of program risks identified in
the program management chapter of this report.

o NIH should also develop a formal program to review the impact of
the larger awards that are already being made. This should include
developing a clear rationale, identifying selection criteria for larger
awards, and a robust assessment component, including third-party
review to monitor outcomes. Because the additional resources used
to fund these awards are substantial, the awards need to achieve
a specific objective and/or yield significantly different or better
outcomes than multiple standard-sized awards using equivalent
funding.

ii. Direct to Phase II. Some agency staff and recipient companies have
suggested that research that is otherwise promising has been excluded

#2These include the need to focus resources on the best applications, the high cost of drug devel-
opment, the high cost of biomedical research, and the lack of inflation adjustments to the standard
award size over the last 10 years.
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from receiving adequate Phase II level funding because all award
recipients have to garner a Phase I first.#> As well, some program
participants have suggested that consideration be given to changing
the requirement that SBIR recipients apply for and receive a Phase |
award before applying for Phase II. They suggest the rigid application
of this requirement has the potential to exclude promising research
that could help agencies meet their congressionally mandated goals.

o However, permitting companies to apply directly to Phase II has
the potential to change the program significantly. In particular it
could shift the balance of both awards and funding significantly
away from Phase I toward Phase II. Every additional Phase II award
represents approximately 7.5 Phase I awards. If “direct to Phase 11"
were as attractive to applicants as proponents suggest, it might
became a significant component of the program. This in turn could
make a very substantial difference to funding patterns in SBIR to the
detriment of Phase 1.4 Moreover, expanded Phase I awards, such as
those now used at NIH, can meet the same need without affecting
the structure of the program.

o Accordingly, this fundamental change to the program structure
should not be made.

iii. Drug discovery. Given the large size of the sums required, it would
be appropriate for NIH to consider a number of possible approaches to
the needs of small companies in this area. Some of these approaches
may be appropriately housed within the SBIR program. For example,
NIH has already experimented with the Competing Continuation
Awards program designed to provide funding during the regulatory re-
view process. However, NIH should also ensure that efforts to address
drug development issues do not negatively affect the SBIR program
outside drug discovery. Further review of the program’s role in drug
discovery, and its limitations, should be undertaken.

J. Additional management resources. To carry out the measures recom-
mended above to improve program utilization, management, and evalu-
ation, the program will require additional funds for management and
evaluation.

“Discussions with NTH SBIR program managers, June 13, 2006.

#Phase 1 awards may have particular importance in meeting noncommercial objectives of the
program, for example, helping academics to transition technologies out of the lab into startup
companies.
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1. Effective oversight relies on appropriate funding.*> An evidence-based
program requires high quality data and systematic assessment. Sufficient
resources are not currently available for these functions.

g

Increased funding is needed to provide effective oversight, including site
visits, program review, systematic third-party assessments, and other nec-
essary management activities.

3. To achieve the goal of providing modest amounts of additional funding
for management and evaluation, there are three options that might be
considered:

i. Additional funds might be allocated internally, within the existing
budgets of NIH, as the Navy has done at DoD.

ii. Funds might be drawn from the existing set-aside for the program to
carry out these activities.

iili. The set-aside for the program, currently at 2.5 percent of external
research budgets, might be marginally increased, with the goal of pro-
viding management resources necessary to maximize the program’s
return to the nation.*¢

The key point is that additional resources for program management and
evaluation are necessary to optimize the nation’s return on the substantial
annual investment in the SBIR program.

4 According to recent OECD analysis, the International Benchmark for program evaluation of large
SME and Entrepreneurship Programs is between 3 percent (for small programs) and 1 percent for
large-scale programs. See Organisation for Economic Co-operation and Development, “Evaluation of
SME Policies and Programs: Draft OECD Handbook,” OECD Handbook CFE/SME(2006)17, Paris:
Organisation for Economic Co-operation and Development, 2006.

46Each of these options has its advantages and disadvantages. For the most part, the Departments,
Institutes, and Agencies responsible for the SBIR program have not proved willing or able to make
additional management funds available. Without direction from Congress, they are unlikely to do so.
With regard to drawing funds from the program for evaluation and management, current legislation
does not permit this and would have to be modified, therefore the Congress has clearly intended
program funds to be for awards only. The third option, involving a modest increase to the program,
would also require legislative action and would perhaps be more easily achievable in the event of an
overall increase in the program. In any case, the Committee envisages an increase of the “set-aside”
of perhaps 0.03 percent to 0.05 percent on the order of $35 million to $40 million per year or, roughly,
double what the Navy currently makes available to manage and augment its program. In the latter case
(0.05 percent), this would bring the program “set-aside” to 2.55 percent, providing modest resources
to assess and manage a program that is approaching an annual spend of some $2 billion. Whatever
modality adopted by the Congress, without additional resources the Committee’s call for improved
management, data collection, experimentation, and evaluation may prove moot.
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SBIR Awards at NIH

3.1 INTRODUCTION

This chapter reviews awards made by NIH. The analysis uses data supplied
by NIH, and as such reflects some of the advantages and disadvantages of NIH
methods of capturing and providing data.

NIH provides data separately for each year of an award, and awards cannot in
all cases be connected consistently across award years. Some analysis is therefore
presented by award year, rather than by award. Thus, in some cases, our analysis
is based on indirect estimates rather than directly on primary data. (These cases
are identified below.)

In addition, NIH, citing confidentiality concerns, has not provided NRC with
complete access to NIH data. This also means that there may be some areas where
NRC analysis is incomplete or not possible.

Finally, NIH has been working since 2005 to correct some problems in the
NIH data related to the distribution of awards to woman- and minority-owned
businesses that were originally identified by the NRC study.

While about 95 percent of all NIH SBIR awards are grants, a small number
of SBIR contracts are awarded each year. These are selected based on the same
review criteria but using procedures different than the SBIR award review cycle,

'Note: Following discussions with the NRC staff, the NIH made an effort to recalculate the data
for woman and minority owners’ participation in the SBIR program. In September 2007, the NIH
provided corrected data, which is shown in Appendix A and in several figures in this report. However,
apparent anomalies in the NIH data on the participation of women and minorities in 2001-2002 could
not be resolved by the time of publication of this report.

42
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and they are designed to meet specific technical needs of NIH Institutes and
Centers (ICs).? This chapter focuses primarily on awards.

3.2 PHASE 1 AWARDS

3.2.1 Number of Phase I, Year One Awards

While funding for NIH and thus for the NIH SBIR program has substantially
increased in recent years, the number of Phase I, year one awards awarded has
not.3 In fact, the number of Phase I awards grew by about 25 percent between
1999 and 2004, before falling by 18.5 percent in 2005.# It is possible that the
decline shown in Figure 3-1 represents an important shift in the NIH SBIR pro-
gram, as fewer Phase I awards might indicate an effort to concentrate resources
of fewer, larger, Phase I awards or on Phase II.

3.2.2 Phase I—Award Size

Unlike almost all other agencies and units, NIH does not strictly cap the
size of Phase I and Phase II awards. Instead, NIH has applied for and received
a blanket waiver from the SBA SBIR administrator. Figure 3-2 shows that the
mean size of Phase I, year one awards has increased substantially at NIH in
recent years.

Even though there was no change in the Congressionally mandated maxi-
mum award size, the mean size of a Phase I, year one award? increased by ap-
proximately 70 percent between 1998 and 2005, reaching $171,806 in the latter
year.

A comparison of Figures 3-1 and 3-2 shows that the post-1999 increase
in NIH SBIR funding has been directed more at increasing the size of Phase I
awards than at increasing their number. This is consistent with the opinion ex-
pressed by some NIH SBIR staffers that funding should be more heavily con-
centrated on the highest-quality applications. This effect is more pronounced for
Phase II awards, as we shall see below.

In fact, NIH now consistently makes Phase I awards that are substantially

2ICs are the administrative unit at NIH. There are now 27 ICs—such as the National Cancer Insti-
tute—and 23 provide SBIR awards.

3Because NIH counts awards separately by award year, it is important to differentiate between the
first year of an award and subsequent years, which are treated by NIH for data purposes as separate
awards.

#All awards data in this chapter are based on data provided privately by NIH to NRC, drawn from
NIH awards databases. Provided by NIH SBIR Program Coordinator. Because SBA data is main-
tained differently, cross-checks against the SBA database are not possible.

SNIH differentiates between the first and second years of a Phase I award. In some cases (see be-
low), NIH Phase I awards are supported into a second year; however, this second year of support is
not typically at a level comparable to the first year, and is therefore excluded from this analysis.
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FIGURE 3-1 Number of Phase I awards at NIH, 1992-2005.
SOURCE: National Institutes of Health.

larger than SBA guidelines. The percentage of awards made at or below $100,000
has fallen from 99.7 percent in 1997 to 40.1 percent in 2005.

A comparison of the mean and median size of Phase I awards suggests that
the growing mean results from a few large awards. The median award size stayed
constant at $100,000 from 1995 to 2002; only in FY2003 did it rise to $106,000.
However, by 2003, 16.7 percent of awards were for at least $200,000.
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Mean Award Size (Dollars)
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FIGURE 3-2 Phase I, Year One: Mean award size, 1992-2005.

SOURCE: National Institutes of Health.
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FIGURE 3-3 Oversize Phase I awards at NIH, 1992-2005.
SOURCE: National Institutes of Health

The role and implications of the changing size of NIH awards are discussed
separately in Chapter 5—*Program Management.”

3.2.3 Phase I New Winners

The percentage of new entrants in the SBIR program is an important indica-
tor of its openness. The figures underscore that the NIH program is not limited
to a subset of possible awardees.

Three data sets are especially relevant: the percentage of applications from
firms that have previously not won SBIR awards®; the percentage of awards going
to firms that have not previously won; and the success rate of previous winners
vs. new applicants.” These data are discussed below.

3.2.3.1 New Applicants

NIH tracks firms that have not previously won SBIR awards at NIH. Some of
course will have applied unsuccessfully during previous solicitations; others may
have won at other agencies, so the data on previous nonwinners at NIH do not
show firms that are necessarily completely new to the SBIR program. However,
analysis of previous nonwinners at NIH provides useful metrics for determining
the openness or inclusiveness of the program.

Overall, the data show that a very substantial number of applications con-
tinue to come in from firms that have not previously won SBIR awards at NIH,

“While data on applications by new applicants, as opposed to previous nonwinners, would be help-
ful, these data are not currently available.
"The “success rate” here is calculated as winning applications as a percentage of all applications.
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and that more than a third of SBIR awards go to previous nonwinners. The NIH
SBIR program is substantially open to new entrants.

The data in Figure 3-4 show that since 2000, an average of 61.8 percent of
all Phase I applications are from firms that have not previously won SBIR awards
at NIH.

This is strong evidence that the opportunities inherent in the NIH SBIR
program for the small business biomedical research community are widely un-
derstood, and are not limited to a small subset of firms. These data are especially
impressive as the number of previous winners has continued to grow sharply
during that period, as described immediately below.

3.2.3.2 New Winners

Among all companies winning a Phase I award, an average 41.6 percent are
first time winners in the NIH SBIR program.

At least 35 percent of awards went to previous nonwinners in each year since
2000, although that share has declined from 47 percent in 2000. This decline
might partly reflect the fact that the number of previous winners has increased
sharply during this period, and that many of these new “previous winner” firms
continue to apply for more awards.

3.2.3.3 Success Rates

The NIH data permit a comparison of success rates (share of applications
that are successful) between new applicants and previous winners. Here there is

65
64
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E 61 -
o 60
59
58 -
57 4
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55 A T T T - -
2000 2001 2002 2003 2004 2005
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FIGURE 3-4 “New” Phase I applicants (percent of all applicants), 2000-2005.
SOURCE: National Institutes of Health.
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FIGURE 3-5 Percentage of winning companies new to the NIH SBIR program, 2000-
2005.

SOURCE: National Institutes of Health.

a clear difference: Previous winners have a success rate more than twice that of
previous nonwinners. This may be because previous winners are in a sense al-
ready certified as bona fide research companies, while the “previous nonwinners”
category includes the entire range of applicants. Moreover, previous winners are
likely to have a better understanding of the selection process, and to be able to
write applications that better address concerns raised by reviewers.
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FIGURE 3-6 Phase I success rates of previous winners and nonwinners, 2000-2005.

SOURCE: National Institutes of Health.
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The declining rates for both populations since 2001 reflects an increase in
the number of applications from 2001-2004, as well as the more recent (FY2005)
decline in the absolute number of Phase I awards.

3.2.4 Phase I—Distribution Among the States and Within Them

One of the persistent questions about SBIR is the extent to which awards
are distributed among the states. Unsurprisingly, NIH Phase I SBIR awards go
disproportionately to states with well-established traditions of life-science entre-
preneurship (see Table 3-1). For example, California and Massachusetts together
account for 34.7 percent of all Phase I awards between 1992 and 2005.

The top five award-winning states received approximately 51 percent of all
awards between 1992 and 2005, ranging from a high of 57.9 percent in 1994 to
a low of 47.3 percent in 2002.

Concentration at the top is mirrored in the limited number of awards given
to companies in low-award states (see Figure 3-7). The bottom 15 states received
2 percent of all awards 1992-2005, and 1.5 percent in 2005, when six states re-
ceived zero Phase I awards, and a further five states received only one.

However, outreach efforts by the SBIR program at NIH have supported an
increase in the percentage of awards going to the bottom 15 states, which have
expanded from barely 0.5 percent of awards in FY1995 to over 3 percent in
FY2002 (Figure 3-7).

Further analysis suggests that the raw number of awards conceals other
significant differences. Although the National Science Foundation (NSF) does
not provide data on the number of life scientists in the workforce, it does offer
data on life and physical scientists combined. While not a perfect match for the
population of NIH primary investigators, this may be a useful proxy for our
purposes here.

The NSF data show that when awards are denominated by the number of
life and physical scientists employed, a few states are very successful, but that
many are not.

Analysis suggests that the geographical distribution of NIH SBIR awards is
understandable. First, Table 3-2 shows that to a considerable extent, awards are
made to states which have a high concentration of life scientists. Second, nor-
malizing the data by number of life scientists generates results that place New
Hampshire, Vermont, and Oregon among the most successful states, even though
these states are not the states that receive the most awards. Finally, and perhaps
most persuasively, the selection process (discussed in Chapter 5) is such that the
geographical location of applicants is unlikely to play any part in decisions, and
awardees interviewed for case studies—even from low award states—indicated
that they saw no geographical bias in the selection of awardees.
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FIGURE 3-7 Phase I awards to the 15 lowest award-receiving states, 1992-2002.
SOURCE: National Institutes of Health.

3.2.4.1 Concentration Within States

Geographic concentration goes considerably further than the state level.
Awards are heavily concentrated by zip code.

The data for Massachusetts indicate that 590 zip codes received no awards at
all, while the top ten zip codes received more than half of all awards.

The single top winning zip code at NIH, in San Diego, California, where
there is a very high concentration of biomedical firms, received more than twice
as many Phase I awards as the second most successful zip code.

Concentration can of course be substantially affected by the presence of a
single firm: The second most successful zip code in California, Mountain View
(94043), received 114 awards, but 69 of those went to a single firm, Panorama
Research.

3.2.4.2 Success Rates by State

Table 3-3 shows that success rates vary among states. The range is from 0
percent for Alaska to nearly 31 percent for Massachusetts. Table 3-3 shows the
relationship between the ranking of states by number of Phase I applications and
Phase I awards.

Variations in success rates across states could be due to a number of factors,
such as:
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TABLE 3-2 NIH Phase I Awards per 1,000 Life and Physical Scientists

Employed
Life and Physical NIH Phase I, NIH Phase I per 1,000 Life
Scientists, 2003 2003 and Physical Scientists, 2003

New Hampshire 1,480 14.0 9.5
Vermont 850 6.0 7.1
Massachusetts 20,380 140.0 6.9
Maryland 17,910 90.0 5.0
Oregon 5,870 23.0 3.9
Connecticut 5,670 22.0 3.9
California 64,390 248.0 3.9
Virginia 13,030 40.0 3.1
Ohio 15,100 45.0 3.0
Towa 3,130 9.0 2.9
Colorado 11,710 33.0 2.8
Indiana 4,070 11.0 2.7
Rhode Island 1,580 4.0 2.5
Michigan 9,390 23.0 24
Arizona 5,580 13.0 2.3
Nevada 2,510 5.0 2.0
Wyoming 1,510 3 2.0
Delaware 2,020 4.0 2.0
Minnesota 11,200 22.0 2.0
Washington 16,940 33.0 1.9
New Mexico 3,200 6.0 19
‘Wisconsin 11,220 21.0 1.9
New Jersey 17,530 32.0 1.8
Utah 5,060 9.0 1.8
South Carolina 4,610 8.0 1.7
Maine 1,830 3.0 1.6

SOURCE: National Institutes of Health; and National Science Board, Science and Engineering Indi-
cators 2005, Arlington, VA: National Science Foundation, 2005.

* Level of entrepreneurial activity.

* University R&D capacities.

* Trained scientists and engineers in the state.
e Access to capital.

» State support activities.’

Quantifying the impact of any one of these factors, or of other factors, was be-

8See U.S. General Accounting Office, Federal Research: Evaluations of Small Business Innovation
Research Can Be Strengthened, RCED-99-198, Washington, DC: U.S. General Accounting Office,
1999.
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Life and Physical NIH Phase I, NIH Phase I per 1,000 Life
Scientists, 2003 2003 and Physical Scientists, 2003
Pennsylvania 25,080 41.0 1.6
District of Columbia 5,210 8.0 1.5
Oklahoma 3,350 5.0 1.5
North Dakota 1,420 2.0 1.4
New York 30,330 41.0 1.4
North Carolina 17,770 24.0 1.4
Missouri 9,240 12.0 1.3
Kansas 3,910 5.0 1.3
Florida 19,440 24.0 1.2
Alabama 5,170 6.0 1.2
Texas 42,440 49.0 1.2
Illinois 18,300 21.0 1.1
Arkansas 2,700 3.0 1.1
Louisiana 5,540 5.0 0.9
Nebraska 3,920 3.0 0.8
Kentucky 2,660 2.0 0.8
Alaska 2,800 2.0 0.7
South Dakota 1,420 1.0 0.7
Georgia 11,410 8.0 0.7
Tennessee 7,130 4.0 0.6
Hawaii 1,790 1.0 0.6
Montana 2,790 1.0 0.4
Idaho 3,100 1.0 0.3
Mississippi 3,650 1.0 0.3
West Virginia 2,510 0.0 0.0
Average 32

yond the scope of this phase of the study, but it would be useful to assess the
relative impact of these different factors.

3.2.5 Phase I Awards—By Company

Some companies are very successful in winning Phase I awards. The most
successful applicant between FY 1992 and FY2003 won 69 Phase I awards.
Twenty of the 3,155 companies that received Phase I awards over this period
accounted for 776 of the 8,706 Phase I awards awarded (8.9 percent).

However, such individual company success is rare. Only 13 companies re-
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FIGURE 3-8 Concentration of Phase I awards by Zip code in Massachusetts, 1992-
2005.

SOURCE: National Institutes of Health.

TABLE 3-3 Phase I Success Rates—By State (Winning applications as
percent of total applications)

Phase 1 Phase 1 Phase 1 Phase [
State  Success Rate State  Success Rate State  Success Rate State  Success Rate
MA 308 WY 254 NH 212 VA 18.2
UuT 305 HI 25.1 FL 21.2 MS 182
MO 29.7 AZ 243 RI 21.0 NY 18.0
WA 292 NJ 24.2 MI 21.0 NC 17.8
KY 285 LA 242 TN 208 AR 169
™ 279 NV 242 L 20.4 MD 16.5
1A 27.2 PR 24.0 IN 20.3 NE 15.4
CT 262 PA 24.0 OK 202 AL 15.4
MT 258 SC 23.8 DC 202 WI 14.1
DE 2538 MN 235 OH 19.7 GA 9.8
KS 25.8 1D 23.2 VT 19.3 ND 7.8
CA 258 ME 21.6 CO 19.1 OR 7.7
WV 257 NM 21.6 SD 18.6 AK 0.0

SOURCE: NRC calculations base on National Institutes of Health data.

ceived more than 30 Phase I awards during from FY1992 to FY2003, and only
33 received at least 20. In contrast, more than 3,000 (3,025) companies received
less than 10 awards, and 2,237 received only one or two.’

NIH data has been received and updated at irregular times during the course of the analysis. While
key points have been updated to 2005, where such updates are not critically important, we have uti-
lized older data sets—as in the case above.
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TABLE 3-4 Multiple-award Winning Companies at NIH FY1992-2003—Top

20 Winners

Organization Number of Awards
Panorama Research, Inc. 69
Inotek Pharmaceuticals Corporation 63
Radiation Monitoring Devices, Inc. 56
Lynntech, Inc. 51
Inflexxion, Inc. 44
Oregon Center For Applied Science 44
New England Research Institutes, Inc. 42
Creare, Inc. 40
Insightful Corporation 40
Hawaii Biotech, Inc. 38
Physical Optics Corporation 33
Biomec, Inc. 30
Surmodics, Inc. 30
Biotek, Inc. 29
Spire Corporation 28
One Cell Systems, Inc. 27
Compact Membrane Systems, Inc. 26
Osi Pharmaceuticals, Inc. 26
Personal Improvement Computer Systems 25
Physical Sciences, Inc. 25
Total 766

SOURCE: National Institutes of Health.

3.2.6 Phase I Awards—Woman- and Minority-owned Firms

In 2005, the NRC identified some significant problems in the collection of
data for woman- and minority-owned business firms participating in the NIH
SBIR program. Following an NRC request for clarification of the data, NIH inves-
tigated the problem and found that it was rooted in the data entry software.!”

3.2.6.1 Award Shares

The share of awards held by woman- and minority-owned firms has re-
mained relatively constant at about 12 percent, with the exception of 2001-2002
data (see note to Figure 3-9).

10See National Institutes of Health, letter to the National Research Council “National Academy
of Sciences Study of the Small Business Innovation Research (SBIR) Program-NIH SBIR Program
Data,” February 14, 2005. Since then, NIH has made significant efforts to correct this problem, re-
entering the data covering several years of program activity. However, apparent anomalies in the
NIH data on the participation of women and minorities in 2001-2002 could not be resolved by the
time of publication of this report.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

56 SBIR AT THE NATIONAL INSTITUTES OF HEALTH

18
16

14 -

e

10 4

8 -
6 -
4_

Percent of all Phase | Awards

2 4

O T T T T T T T T T T T T T T
R T R X - S S N A A T I
FF LTS TS TS S S S

Year
FIGURE 3-9 Award shares of woman- and minority-owned firms, 1992-2006.

NOTE: Following discussions with the NRC staff, the NIH made an effort to recalculate
the data for woman- and minority-owners’ participation in the SBIR program. In Septem-
ber 2007, the NIH provided corrected data, which is shown in Appendix A and in several
figures in this report. However, apparent anomalies in the NIH data on the participation
of women and minorities in 2001-2002 could not be resolved by the time of publication
of this report.

SOURCE: National Institutes of Health.

However, these data partly conceal a long-term decline in the share of awards
going to minority-owned firms, which have fallen from an average of 6.9 percent
in 1992-1994 to 4.3 percent in 2003-2006.

3.2.6.2 Share of Applications

One possible explanation for the declining minority share may be in the
number of applications received. These are captured in Figure 3-10.

In fact, the data show that applications from minority-owned firms have de-
clined, from more than 10 percent of all applications in 1996, to under 4 percent
2006. Applications share for woman-owned firms has remained approximately
constant.

3.2.6.3 Success Rates

A different explanation for declining award shares may lie in relative success
rates. These are described in Figure 3-11.
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FIGURE 3-10 Woman- and minority-owned firms—Phase I percentage share of all
coded applications, by demographic, 1992-2006.

NOTE: Following discussions with the NRC staff, the NIH made an effort to recalculate
the data for woman and minority owners’ participation in the SBIR program. In Septem-
ber 2007, the NIH provided corrected data, which is shown in Appendix A and in several
figures in this report. However, apparent anomalies in the NIH data on the participation
of women and minorities in 2001-2002 could not be resolved by the time of publication
of this report.

SOURCE: National Institutes of Health.
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FIGURE 3-11 Success rates for Phase I awards by demographic, 1992-2006.

NOTE: Following discussions with the NRC staff, the NIH made an effort to recalculate
the data for woman and minority owners’ participation in the SBIR program. In Septem-
ber 2007, the NIH provided corrected data, which is shown in Appendix A and in several
figures in this report. However, apparent anomalies in the NIH data on the participation
of women and minorities in 2001-2002 could not be resolved by the time of publication
of this report.

SOURCE: National Institutes of Health.
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The data show that woman- and minority-owned firms are consistently less
successful in the selection process—that lower percentages of their applications
generate awards. Minority applicants saw a particularly steep decline in success
rates from 1999 to 2004, with some recovery in 2005-2006. However, they re-
main about five percentage points lower than the rates for firms that are neither
woman- or minority-owned. Note that it is not possible, using the data provided
by NIH, to test the impact of other factors such as whether these woman- and
minority-owned firms are disproportionately new applicants. Follow-on research
could address this possibility.

The data provide no immediate answer as to why woman- and minority-
owned firms have lower success rates. One promising hypothesis is that these
firms may tend to be formed more recently, and have both a shorter track record
and less experienced principal investigators, both of which may mitigate against
success in the NIH selection process.

3.2.6.4 Woman- and Minority-owned Firms in Phase 1

While we can conclude that woman- and minority-owned firms receive a
significant share of awards, the data suggest that further analysis is needed, and
that NIH may in particular need to take more aggressive steps to encourage high-
quality applications from these firms. A review of the selection process from this
perspective is also warranted.

Finally, it is important to note that while woman-owned firms have main-
tained and even slightly increased their share of SBIR Phase I awards at NIH,
they remain at about 10 percent of the total (over 2003-2006). At the same time,
the percentage of women among recent life sciences doctorates has increased
dramatically.!! According to NSF, in 2005 women accounted for more than 48
percent of all biological sciences doctorates awarded.!'? This growth is also re-
flected in employment data: Women account for 36.5 percent of employed life
scientists in 2005.'3 These are the likely founders of firms that might be seeking
seed funding from the NIH SBIR program.

In that context, maintaining a ten percent share of awards is much less im-
pressive, and NIH might well wish to undertake further analysis to determine why
so few of these new doctorates appear to be applying for NIH SBIR funding (note

!t is also worth noting that the pool of woman-owned businesses has grown rapidly. For the past
two decades, majority woman-owned firms have continued to grow at around two times the rate of all
firms (42 percent vs. 24 percent). Woman-owned firms, 50 percent or more owned by women, account
for 41 percent of all privately held firms. Source: Center for Women’s Business Research, Key Facts
About Women-owned Businesses, Washington, DC: Center for Women’s Business Research, 2006.

12National Science Board, Science and Engineering Indicators, Arlington, VA: National Science
Foundation, 2007, Table F-2.

13Tbid, Table H-7.
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that there is no requirement that a company exist in order to apply for an award,
although a company must be formed in order to accept one.)

3.2.7 Phase I Awards—By IC

The substantial size differences among the various institute centers (IC)
at NIH are reflected both in Phase I and Phase II, as can be seen in part in
Table 3-5.

Together, the three largest ICs (National Cancer Institute, National Heart
Lung and Blood Institute, and NIAID) accounted for 44.4 percent of all NIH
SBIR Phase I awards. Only two other ICs account for more than 5 percent of the
total. Conversely, the 10 smallest ICs together accounted for 9.7 percent of the
total, with none providing more than 2 percent individually.

3.2.8 Phase I—Extended Awards: Year Two of Support

NIH is unique among the granting agencies in providing extended support
for Phase I awards. Interviews with NIH personnel and awardees suggest that, to
a considerable extent, the normal timeframe for completing a Phase I project has
become one year, rather than six months. “No-cost extensions”—extensions of
time without additional funding—up to one year total are relatively easy to get.

NIH is also unique in providing additional funding beyond the first year for
some Phase I awards. This practice is relatively rare but growing in importance
at NIH.

While the median size of second year Phase I awards appears to have
stabilized at around $200,000, the number of second year awards continues to
climb sharply. From 1992 to 1999, there were always less than five such awards
per year. By FY2003, more than 10 percent (80) of all Phase I awards went to
second-year support.

3.2.9 Phase I—Supplementary Funding

NIH offers one further form of funding flexibility. Program officers can add
limited additional funds to an award in order to help a recipient pay for unex-
pected costs. While practices vary among individual ICs, it appears that awards
of up to 25 percent of the annual funding awarded can be made by a program
manager without further IC or NIH review. More substantial supplements must
be more extensively reviewed.

For Phase I, supplements remain relatively rare, recently averaging less
than 20 per year. They are also not especially large; in no fiscal year have they
totaled more then $1 million for all awards combined. They are more important
for Phase II, as will be explained below.
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3.3 PHASE 11 AWARDS

As funding for NIH has increased, with a 5-year doubling of the NIH budget
started in 1999, both the number and the average size of Phase II awards have
grown in nominal terms, but to different degrees.

After increasing from fewer than 300 new Phase II awards in 1992, the num-
ber of new awards at NIH grew to almost 800 in 2002. Since then, the number
has remained almost flat, with a slight decline to 774 awards in 2005.

However, this period of stable award numbers coincides with substantial
growth in SBIR funding at NIH. Consequently, this additional funding is being
distributed in other ways—one of which is increased average award size.

NIH maintains a different record for each year of an award. The average
size of the first year of the NIH Phase II award has increased in nominal terms
considerably, from around $230,000 in 1994 to more than $500,000 in 2005, with
a jump of $55,000 (or 11.9 percent) in 2005 alone. Increased size of year one
awards is matched by growth in the size of year two awards as well.

3.3.1 Phase II—Extended Awards

Beyond the size of awards, NIH is also distinctive in the way it provides
additional support beyond the second year of Phase II. For example, in FY2003,
39 companies were in their third year of Phase II support, and two more were in
their fourth year.

Figure 3-12 shows that there has been a substantial increase in the number
of companies receiving third-year Phase II support. In FY2003, 39 companies

45
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FIGURE 3-12 Phase [I—Extended support, 1992-2003.
SOURCE: National Institutes of Health.
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received such support; this is equivalent to about 10 percent of the companies
that received their initial Phase II awards in FY2001 (the first year of Phase II
support for this cohort of awards).

These additional years of support have also provided a growing amount of
funding per award.

These data both document the ongoing growth in support beyond year two
(see Figure 3-13); they indicate that the average amount of support has continued
to grow, and is now at approximately $725,000. Some projects receive more than
one year of additional support, as documented in Figure 3-12.

3.3.2 Competing Continuation Awards

NIH has recently initiated a new program aimed at supporting companies
during the difficult period of clinical trials, where outsider funding can be espe-
cially scarce. Competing Continuation Awards (CCAs) are a competitive program
that provides three years of additional support at $1 million per year for compa-
nies needed support during trials.

As the data in Table 3-6 indicate, CCAs are now ramping up. It is still much
too early to tell whether CCA’s will be successful. At least one large IC—NCI—
has withdrawn from the program partly on the grounds that it does not require
matching funds. This criticism—drawn from the experience at NSF with their
Phase IIB program—may however not be easily addressed at NIH, where match-
ing funds are difficult to find for projects before the end of clinical trials.

800,000
T 700,000
T 600,000
T 500,000
T 400,000
T 300,000

Number of Awards
Average Award Size

T 200,000
T 100,000
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Year

== Number of awards ~ —e— Dollars per award
FIGURE 3-13 Support for Phase II beyond Year Two, 1992-2005.
SOURCE: National Institutes of Health.
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TABLE 3-6 Competing Continuation Awards at NIH, 2003-2005

Fiscal Total Awards Competing Awards Non-competing Awards (Y12/3)
Year Number Amount ($) Number Amount ($) Number Amount ($)

2003 2 975,649 1 799,709 1 175,940

2004 3 2,298,561 2 1,498,562 1 799,999

2005 21 15,494,168 19 13,890,358 2 1,603,810

SOURCE: National Institutes of Health.

It is also worth noting that if CCAs continue to be funded at the current rate,
they would account for more than $40 million annually, about 6.5 percent of the
NIH SBIR program, and equivalent to 400 standard Phase I awards. That trade-off
does not appear to have been systematically addressed by NIH.

3.3.3 Phase II Awards—By Company

As with Phase I, some companies have received numerous Phase II awards,
although at levels far lower than at DoD where questions about the role of fre-
quent award winners in the SBIR program have been focused. The companies
receiving many Phase I awards are often also successful in applying for multiple
Phase IT awards.

The correlation is not perfect, however, as shown by Table 3-7. For ex-
ample, the top Phase I winner—Panorama Research—is only seventh on the list
of Phase II winners. Some big winners in Phase I, such as Abiomed, Individual
Monitoring, and Sociometrics, have conversion rates from Phase I to Phase II of
over 80 percent. Others, by contrast, such as Panorama Research, only convert
20 percent of their Phase I awards into Phase II awards.

In general, NIH awards do not appear to be overly concentrated in a few
firms. Only three companies have received 30 or more Phase II awards between
1992 and 2003. Overall, the top 20 winners account for 11.1 percent of all
Phase II awards during this period, while more than 1,500 companies received at
least one Phase II during this period.'*

3.3.4 Phase II Awards—By State

The geographical distribution of Phase II awards approximates but does not
equal the distribution for Phase I awards. As can be seen by comparing Table 3-1
and Table 3-8, the states with many Phase I award winners tended to get the

14Note, however, that as NIH has declined to provide employer identification numbers on privacy
grounds, the number of awards above was generated by matching company names in awards. This is
likely to be less accurate—and to possibly understate the degree of award concentration.
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TABLE 3-7 Conversion Rates of Top 20 Phase II Award Winners, 1992-2003

Number Number

of Phase I of Phase I Conversion
Organization Awards Awards Rate (%)
NEW ENGLAND RESEARCH INSTITUTES, INC. 34 42 81.0
INFLEXXION, INC. 32 44 72.7
RADIATION MONITORING DEVICES, INC. 30 56 53.6
OREGON CENTER FOR APPLIED SCIENCE 27 44 61.4
INSIGHTFUL CORPORATION 22 40 55.0
LYNNTECH, INC. 17 51 33.3
PANORAMA RESEARCH, INC. 15 69 21.7
INOTEK PHARMACEUTICALS CORPORATION 14 63 22.2
SOCIOMETRICS CORPORATION 13 16 81.3
ABIOMED, INC. 13 13 100.0
PERSONAL IMPROVEMENT COMPUTER SYSTEMS 13 25 52.0
CREARE, INC. 13 40 32.5
CLEVELAND MEDICAL DEVICES, INC. 13 23 56.5
INDIVIDUAL MONITORING SYS, INC. (IM SYS) 12 14 85.7
BIOTEK, INC. 12 29 414
SURMODICS, INC. 11 30 36.7
ADVANCED MEDICAL ELECTRONICS 11 18 61.1

CORPORATION

ELECTRICAL GEODESICS, INC. 11 19 57.9
WESTERN RESEARCH COMPANY, INC. 11 20 55.0
PHYSICAL SCIENCES, INC. 11 25 44.0
Total (top 20 award winners) 335 681 49.2
All Awards 3,027
Top 20 as percent of all Phase II awards 11.1

SOURCE: National Institutes of Health.

most Phase IT awards. Not surprisingly, states with few Phase I awards had few
Phase II awards.

States vary substantially in the degree to which their companies successfully
convert Phase I awards into Phase II. Table 3-9 also shows the percentage share
of Phase IT awards between 1992 and 2003, by state, expressed as a percentage of
the Phase I awards between 1992 and 2003, by state. This metric indicates states
whose firms appear to be particularly successful at converting Phase I awards
into Phase II awards.

More research is needed to understand why companies in some states are
so much more likely to be successful in moving from Phase I to Phase II. While
part of this phenomenon is due, in part, to the geographic location of particular
companies that have in the past been successful, more information is needed to
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TABLE 3-9 Phase II Awards—Over- and Underachieving States

Top Ten Overachievers Top Ten Underachievers
State Percent” State Percent”
wv 311.5 MS 389
SD 207.7 ID 56.6
NE 178.0 HI 60.8
NV 164.9 RI 69.2
DC 158.5 SC 69.2
PR 155.8 NM 74.5
1A 140.2 AR 77.9
OR 133.5 DE 77.9
WA 131.7 WI 80.2
AZ 131.3 MT 82.0

“Percent of total Phase II awards as percent of Phase I awards (shows successful transitions from
Phase I to Phase II)

SOURCE: NRC calculations based on National Institutes of Health data.
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FIGURE 3-14 Phase II—Number of low-award states, 1992-2002.
SOURCE: National Institutes of Health.

explain the award pattern. Understanding this process better would likely be of
value to state economic development agencies. '

NIH has, as discussed earlier, made considerable outreach efforts toward
low-award states. These efforts appear to be generating positive results. Fig-
ure 3-14 shows that the number of states receiving zero or one Phase II awards

I5A significant part of the variation—particularly differences in conversion rates among low-grant
states such as West Virginia, Mississippi, and Idaho—could be random. Sample sizes for these states
are extremely small.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

68 SBIR AT THE NATIONAL INSTITUTES OF HEALTH

TABLE 3-10 Phase I[I—Top Award Winning States
(Percent of all new Phase II awards), 2006

State Percent
CA 18.5
MA 13.1
PA 5.9
MD 4.6
OR 4.4
OH 4.1
1L 3.8
TX 3.6
NY 33
WA 33

SOURCE: U.S. Small Business Administration, Tech-Net Database.

in a particular year has declined steadily from 30 in 1992 to 16 in 2002. At the
other end of the spectrum, California is the top award-winning state, followed by
Massachusetts (see Table 3-10).

3.3.5 Phase II Women and Minorities

As with Phase I, several key factors affect the participation of woman- and
minority-owned firms in the NIH SBIR program.

The data show that the participation of woman- and minority-owned firms in
the NIH SBIR program have diverged over the past ten years.

While participation of woman-owned firms has trended up since 1998, par-
ticipation of minority-owned firms is both very low and declining. The consistent
minority-owned participation at less than 4 percent of awards since 2003 is a
matter for considerable concern.

As noted in Section 3.2.6.4, women account for a large and growing percent-
age of recent Ph.Ds in the life sciences. In light of those figures, a participation
level of 12 percent for woman-owned firms is still a matter that merits further
analysis by NIH.

One obvious question is whether these award levels are primarily the result
of application patterns, or of success rates. Obviously, application patterns in part
stem from Phase I patterns overall, as success at Phase I is a requirement before
applying for Phase II.

Still, success rates do provide useful information. The data show that
minority-owned firms have, as in Phase I, consistently generated lower success
rates at Phase II than either woman-owned firms or firms that are neither woman-
or minority-owned.

Over the past four years (2003-2006), this gap has averaged 9.3 percentage
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FIGURE 3-15 Share of Phase II awards to woman- and minority-owned firms, 1992-
2006.

NOTE: Following discussions with the NRC staff, the NIH made an effort to recalculate
the data for woman and minority owners’ participation in the SBIR program. In Septem-
ber 2007, the NIH provided corrected data, which is shown in Appendix A and in several
figures in this report. However, apparent anomalies in the NIH data on the participation
of women and minorities in 2001-2002 could not be resolved by the time of publication
of this report.

SOURCE: National Institutes of Health.
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FIGURE 3-16 Success rates for Phase II applications by woman- and minority-owned
firms, 1992-2006.

NOTE: Following discussions with the NRC staff, the NIH made an effort to recalculate
the data for woman and minority owners’ participation in the SBIR program. In Septem-
ber 2007, the NIH provided corrected data, which is shown in Appendix A and in several
figures in this report. However, apparent anomalies in the NIH data on the participation
of women and minorities in 2001-2002 could not be resolved by the time of publication
of this report.

SOURCE: National Institutes of Health.
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points (31.3 percent vs. 22.0 percent) as minority-owned firms have succeeded
about one third less often than firms that are not minority owned.
This is troubling, and warrants immediate attention from NIH.

3.3.6 Phase II—Awards by IC

Phase IT award distribution by IC follows a pattern similar to Phase I awards.
The two largest ICs—NCI and NHLBI—account for 30.8 percent of all awards
FY1992-2003, while the five largest IC’s account for 54.9 percent.

3.4 PHASE 1 APPLICATIONS

3.4.1 Phase I Applications—By IC

The number of awards made does not closely track success rates at the level
of the IC. Success rates vary very widely by IC, from a high of 29 percent at NS
to a low of 5 percent at the Library of Medicine (in 2003). Success rates at the
three largest ICs average about 24 percent.

It should be noted that the number of applications has declined quite sharply
at NIH in 2005 and 2006—down 11 percent and 16 percent respectively.

3.4.2 Resubmissions

It is normal practice at NIH to allow companies to resubmit Phase I propos-
als. The resubmissions include responses to questions and criticisms from the
initial reviewers. This process usually requires a delay of eight or more months,
as responses are not usually returned to applicants in time to resubmit during the
next funding cycle.!®

Figure 3-17 and Figure 3-18 show the percentage of resubmissions in total
submissions and the relative success rates for resubmissions and original applica-
tions, respectively.

Resubmission rates fluctuate somewhat, but the trend since 1992 has been
relatively stable; about 20-25 percent of all submissions are resubmissions.
Though the success rates of submissions and resubmissions vary by year, resub-
missions are overall slightly more likely to be successful than original submis-
sions, even though all resubmissions have been rejected at least once and hence
are—one might assume—Iess convincing applications.

This suggests that there is often room in proposals for improvements and
clarifications that would then permit funding. Perhaps the NIH SBIR program
should test mechanisms for improving original proposals, thus saving both the
applicant and SBIR staff the time and effort of going through the application
process twice.

16See Chapter 5, Program Management, for more details on funding cycles at NIH.
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FIGURE 3-17 Phase I resubmission rates at NIH, 1992-2004.
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FIGURE 3-18 Phase I success rates for resubmissions and initial proposals, 1992-2004.
SOURCE: National Institutes of Health.
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3.5 PHASE II APPLICATIONS

3.5.1 Success Rates

The average success rate over all years is approximately 55 percent, and
there is no apparent trend in success rates.

3.5.2 Phase II—Resubmissions

Resubmissions are still an important part of the application and selection
process during Phase II. As shown in Figure 3-19, approximately 30 percent of
all Phase II applications are resubmissions. This percentage has remained steady
in recent years.

These resubmissions can cause a substantial delay in the research of affected
companies—in most cases of at least 8 months. Mechanisms for improving the
initial selection process to reduce the number of applications where resubmission
is needed to clear up minor difficulties should therefore be considered in order
to reduce unnecessary delays.

Figure 3-20 shows that resubmission success rates are consistently lower
than those for initial submissions. This is not surprising, as initial applications
will include all applications, while resubmissions will not include the better ap-
plications because they were funded initially. It is not clear why this should be
true for Phase II and not Phase I, however.

Success rates do fluctuate, ranging from a low of 15 percent of 1994 to a

TABLE 3-11 Phase II Success Rates, 1992-2005

Fiscal Year All Applications (#) Total Funded (#) Success Rate (%)
1992 551 278 50.5
1993 637 360 56.5
1994 744 351 472
1995 780 370 474
1996 798 390 48.9
1997 800 468 58.5
1998 827 541 65.4
1999 897 539 60.1
2000 1,023 587 57.4
2001 1,074 683 63.6
2002 1,248 797 63.9
2003 1,299 788 60.7
2004 1,410 792 56.2
2005 1,451 774 53.3

SOURCE: National Institutes of Health.
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FIGURE 3-19 Phase II—Resubmission rates, 1992-2004.
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FIGURE 3-20 Phase II—Success rates for resubmitted and initial applications, 1992-
2004.

SOURCE: National Institutes of Health.

high of 42 percent in 1997. Since 1997, resubmission success rates have trended
downward to 27 percent in 2003. In recent years, changes in resubmission suc-

cess rates have tracked quite closely with first-time success rates, though at a
lower level.
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3.6 CONTRACTS AT NIH

As noted earlier, more than 95 percent of all NIH SBIR awards are grants,
not contracts. For Phase I in FY2000, there were 28 contracted Phase I awards,
for a total of $2.4 million, in comparison to 969 Phase I grants totaling 114.1
million. Phase I contracts were 2.8 percent of all NIH Phase I SBIR awards.
Contracts for Phase II are more prominent, accounting for 28 awards worth $9.1
million, while there were 267 grants totaling $119.7 million. Contracts were 9.75
percent of Phase II awards.

Total funding committed for Phase I contracts appears to have increased over
time (mostly in line with the general increase in the size of Phase I from $50,000
to $100,000 in FY'1998); the number of contracted awards has not increased. Up-
dated to 2005, 42 contracts were awarded for a total value of about $5 million.

It is worth noting that Phase II contracts are relatively more important, ac-
counting for 7.7 percent of all contracts and 5.5 percent of first-year commitments
in FY2005. Also, it appears that companies winning Phase I contracts are much
more likely to be selected for Phase II contracts than Phase I grantees are to be
awarded a Phase IT award. Updated to 2005, there were 28 contracts (out of 391
awards), for a total of $21.2 million (out of $409 million total).

3.7 PROGRAM ANNOUNCEMENTS AND
REQUESTS FOR APPLICATIONS

NIH uses four different funding avenues to support extramural research.

* Investigator-Initiated Research. Unsolicited: The investigator initiates
the research and submits a award application within an area that is relevant
to the NIH. Most applications for NIH support are unsolicited.

*  Program Announcement (PA). Solicited: NIH announces funding oppor-
tunities through award applications or cooperative agreements in a given
research area representing a new, ongoing or expanded interest and/or
high-priority program; Generally, no set-aside of funds, and applications
submitted in response are often considered investigator-initiated in that the
applicant has responsibility for the planning, direction, and execution of
the proposed project.

*  Request for Applications (RFA). Solicited: NIH solicits research grant
applications for a one-time competition on a specific topic. They describe
an IC initiative in a well-defined scientific area to stimulate research in
a priority area; SBIR funds are set aside to cover a certain number of
awards.

*  Request for Proposals (RFP). Solicited: NIH solicits submissions of
research proposals for a one-time competition on a specific IC topic. SBIR
funds are set aside to cover a certain number of awards.
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RFAs (grants/cooperative agreements) and RFPs (contracts) tend to be used
more in problem-oriented research efforts, such as disease-specific programs,
especially in their beginning stages (for example, in the early years of the War
on Cancer and of research on AIDS and Alzheimer’s disease).

There has been an important procedural change with electronic submission
of grant applications in that all applications must be submitted in response to a
Funding Opportunity Announcement (FOA). FOA is Grants.gov’s terminology
for what NIH refers to as Program Announcement (PA), Request for Application
(RFA), Program Announcement with special receipt, referral and/or review con-
sideration (PAR) and Program Announcement with a set aside (PAS).

NIH has issued Parent announcements for the SBIR and STTR program (and
developed Omnibus Parent Announcements in November, 2005 for the December
2005 receipt date), for use by applicants who wish to submit, what were formerly
termed, “unsolicited” applications. Responding to such an omnibus or umbrella
Parent FOA ensures that the correct application package is used and enables NIH
to receive the application from Grants.gov. This process in no way diminishes
the interest of NIH Institutes and Centers in investigator-initiated, unsolicited
research grant applications.

Thus an increased use in RFAs could indicate an ICs shift toward identify-
ing key areas as “high priority.” However, PAs are, according to NIH staff, better

25 35

Percent of New Phase | Awards
Percent of New Phase | Award Dollars

1997 1998 1999 2000 2001 2002 2003 2004 2005
Year

mmm Percent of new Phase | awards ~ —e— Percent of new Phase | award dollars
FIGURE 3-21 Phase [—Program announcements, 1997-2005.
SOURCE: National Institutes of Health.
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FIGURE 3-22 Phase I RFAs, 1992-2005.
SOURCE: National Institutes of Health.

understood as ways to articulate scientific areas NIH supports, but where all ideas
are still investigator-initiated/investigator-driven. '’

In fact, the data show that SBIR awards have increasingly come from PAs
and RFAs. For Phase IIs, RFAs have been used for a minimal share of awards,
reaching a maximum of less than 2 percent in 2004 and 2005. PAs have been
more important. (See Figures 3-21, 3-22, and 3-23.)

The data show that overall, PAs have become an increasingly important
component of the award flow within the NIH SBIR program, and that the trend
suggests that this importance will continue to increase. This may be of particular
importance as PAs can have extra funding or extra years of support attached to
them. 8

However, it is also apparent RFAs have remained of much lower importance.
This is a significant difference, in that RFAs are much more heavily directed by

17Jo Anne Goodnight, NIH SBIR Program Coordinator, Personal Communication, November 1,
2006.

18See for example the recent announcement seeking applications for “New Technology for Pro-
teomics and Glycomics (SBIR [R43/R44])” (<http://grants.nih.gov/grants/guide/pa-files/PA-06-128.
html>). This provides for up to two years, with $200,000 in support for each year for Phase I, and 4
years and up to $400,000 per year for Phase II. This award was simply the first announcement identi-
fied by Google. It was not selected because it was especially large or long term.
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BOX 3-1
A Note on Data

NIH data collection approaches presents some challenges for the purposes of
this study. In principle, NIH collects data by award year—which means that each
year of an award is separately identified within the database.

There are occasionally difficulties in connecting every award year of each
award, as grant ID numbers can change, as do other possible connecting fields
such as company name and award title.

As a result, we have for the purposes on this study developed approximations
for award numbers and sizes. Numbers of Phase | awards are estimated by using
the first year of SBIR support. Numbers of Phase Il awards are estimated by using
the second year of support where the award ID indicates that this is a Phase Il
award. Year two of Phase Il support is estimated using year three of support
where the award is Phase Il, and year three of Phase Il support is estimated using
year four of support where the award is Phase II.

These estimates are undoubtedly not completely accurate. Where companies
have received a second year of support during Phase |, the third year of support
could be only the first year of Phase Il support.

In a similar vein, we have generated estimates for average award size by
adding the average for different years of Phase Il support. It would facilitate fu-
ture assessments if NIH would find ways to address these data difficulties as the
agency refines its ongoing evaluation and assessment program.
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the agency—proposals made in response to PAs remain, in the words of the SBIR
Program Coordinator, “viewed as investigator-initiated.”

The data suggest that NIH is moving quite cautiously toward a model where
some funding is specifically allocated for agency-directed research, and a much
larger amount of funding is distributed so as to encourage research in particular
areas.
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NIH SBIR Program—OQutcomes

4.1 INTRODUCTION

The Congress has tasked the National Academies to assess whether and to
what extent the SBIR program at NIH has met the congressionally mandated
objectives for the program, and to suggest possible areas for improvement in
program operations. Although Congress has over the years identified a number
of objectives for the program, these mandated objectives are usually summarized
as follows:

e Supporting the commercialization of federally funded research.

 Supporting the agency’s mission.!

e Supporting small business and in particular woman- and minority-owned
businesses.

* Expanding the knowledge base.

These four areas define the structure and content of this chapter. A subsequent
chapter reviews program management in more detail, and provides a basis for
possible improvements to the program.

Such an assessment raises difficult methodological challenges, which are dis-
cussed and to the maximum extent possible resolved in the NRC’s Methodology

The mission of NIH is “. . . science in pursuit of fundamental knowledge about the nature and
behavior of living systems and the application of that knowledge to extend healthy life and reduce
the burdens of illness and disability.” Accessed at: <http://www.nih.gov/about/>.
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Report.> One issue however should be briefly discussed here too—the question
of comparators.

Assessment is usually done by comparison—comparing programs and ac-
tivities, in this case. Three kinds of comparison seem possible: with other NIH
programs, with SBIR programs at other agencies, and with early stage technology
development funding in the private sector, such as venture capital activities.

Yet none of these comparisons is valid.

Other award programs at NIH have fundamentally different objectives, such
as promoting basic research (e.g., RO1 awards), developing medical capacity
(awards for medical centers), or training. No other NIH award programs have as
a primary goal the commercial exploitation of research. This fundamental differ-
ence in objectives must be taken into account in evaluating the SBIR program
at NIH.

SBIR programs at other agencies are organized very differently and—at DoD
and NASA at least—have quite different objectives.

NIH SBIR might be compared with venture capital activities, but these
are typically focused closer to market, and include much larger investment (an
average investment round of $7 million in 2005 as against less than $1 million
for SBIR). VC investments are also focused on companies, not projects, further
invalidating comparisons.?

Finally, while the question of commercialization is the most readily subject
to measurement—through accessible data on sales and licensing revenues and
other metrics—Congress has not prioritized among the four mandated objectives
and each is equally important to NIH.

4.2 COMMERCIALIZATION

How well has the NIH SBIR program fostered commercialization of funded
research? The following sections examine a variety of relevant indicators.

4.2.1 Proposed Commercialization Indicators and Benchmarks
Three sets of indicators are used to evaluate the extent to which SBIR grant-

ees have commercialized their funded research:

1. Sales and licensing revenues (“sales” hereafter unless otherwise noted).
Revenues flowing into the company from the commercial marketplace

2National Research Council, An Assessment of the Small Business Innovation Research Program.:
Project Methodology, Washington, DC: The National Academies Press, 2004.

3See National Venture Capital Association, Money Tree Report, November, 2006. The mean venture
capital deal size for the first three quarters of 2006 was $8.03 million. This trend has been acceler-
ated by the growth of larger venture firms. See P. Gompers and J. Lerner, The Venture Capital Cycle,
Cambridge: The MIT Press, 1999, Ch. 1.
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constitute an important measure of commercial success, as sales are an
indicator of realized market demand for the output from a project.

There is however no single agreed benchmark against which to measure
whether agencies have met the legislative objectives for commercializa-
tion. It seems, therefore, reasonable to assess commercialization against
a range of benchmarks:

(a) Reaching the market—any sales.

(b) Reaching $1 million in cumulative sales—which has been approxi-
mately the median size of a Phase I plus a Phase II award at NIH.

(¢) Reaching $5 million in cumulative sales—which could be viewed
as a modest commercial success.

(d) Reaching $50 million in cumulative sales—which could be viewed
as full commercial success.

2. R&D investments and research contracts. Beyond sales, further R&D
investments and contracts are also good evidence that results from the
project are moving toward commercialization. These investments and
contracts may include partnerships, further grants and awards, or govern-
ment contracts. The benchmarks for success at each of these levels should
be the same as those above, namely:

(a) Any R&D additional funding.
(b) Funding of $1 million or more.
(¢) Funding of $5 million or more.
(d) Funding of $50 million or more.

3. Sale of equity constitutes a less clear-cut indicator of commercial activ-
ity. A company which is sold because its acquirer is seeking a successful
product has generated returns. Key metrics include:

(a) Equity investment in the company by independent third party.
(b) Sale or merger of the entire company.

Using these metrics, to what extent have NIH SBIR companies commercialized?

4.2.2 Sales and Licensing Revenues from NIH SBIR Awards

Data from three sources indicate that 30-40 percent of NIH projects funded
between 1992 and 2002 have reached the marketplace. (These three data sources
all refer here only to NIH projects. Note however that subsequent NIH resurveys
suggest that this may substantially understate the eventual commercialization
rate.)

The projects underlying the percentages in Figure 4-1 have generated posi-
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BOX 4-1
A Note on Data Sources

Research on the NIH SBIR program has benefited from the existence for three
independent data sources on outcomes from the program.? These are:

* The NRC Phase Il Survey (2005), which sent at least one questionnaire to ev-
ery Phase Il recipient at NIH, 1992-2005. Firms with multiple awards received
more questionnaires, but normally not for each award.

e The NIH's “National Survey to Evaluate the NIH SBIR Program: Final
Report” (hereafter the NIH Survey) (2003), which sent one questionnaire to
each firm with a Phase Il award 1992-2002. This survey has subsequently
been updated.

e The DoD Commercialization Reports (CCRs), through which firms apply-
ing for future awards at DoD must report on commercialization outcomes for
awards at all agencies, including NIH. Data on about 12 percent of NIH awards
can be found in the DoD database.

aFor details on the NRC Phase Il Survey, see Appendix B. For details on the NIH Survey,
see National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003. Available online at: <http:/grants.nih.gov/grants/funding/sbir_report_2003_
07.pdf>. The DoD Index is not publicly available.

tive revenue from sales or licensing. Follow-on surveys at NIH indicate that this
figure could eventually grow to about 60 percent of projects. However, determin-
ing that projects have generated some revenues is insufficient, in three respects:
First, the distribution of sales by size of revenue is important: Projects generating
$50 million in sales have substantially greater commercial returns than those gen-
erating $100,000. Second, data on sales to date are insufficient: Accurate analysis
requires the adjustment of this raw data set to take account projections of future
sales. Third, it is useful to distinguish between sales and licensing revenues.

4.2.2.1 Sales Ranges

Figure 4-2 shows the number of grantees achieving each of the specified
sales benchmarks. There are general similarities between the three data sources.
The majority of sales (at least 68 percent for all three sources) are concentrated in
the $0-$1 million range. None of the sources indicate that more than 10 percent of
projects generated $5 million in cumulative revenues. Each data source recorded
one (different) project with more than $50 million in revenues.

The DoD database indicates lower commercialization results than the two
surveys. Entries in the DoD database constitute a formal part of the SBIR ap-
plication process, capturing updated data at that time about commercialization
from all previous SBIR Phase II awards, and companies may therefore be more
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FIGURE 4-1 Percentage of NIH SBIR projects reaching the market from 1992-2002.

SOURCE: NRC Phase II Survey, DoD Commercialization database, and National Insti-
tutes of Health, National Survey to Evaluate the NIH SBIR Program: Final Report, July
2003.
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FIGURE 4-2 Sales by sales range, total for 1992-2002.

SOURCE: National Institutes of Health, NRC Phase II Survey, and DoD Commercializa-
tion database.
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BOX 4-2
Multiple Sources of Bias in Survey Response

Large innovation surveys involve multiple sources of bias that can skew the
results in both directions. Some common survey biases are noted below. These
biases were tested for and responded to in the NRC surveys.?@

* Successful and more recently funded firms are more likely to respond.
Research by Link and Scott demonstrates that the probability of obtaining
research project information by survey decreases for less recently funded proj-
ects and increases with the award amount.? Nearly 40 percent of respondents
in the NRC Phase Il Survey began Phase | efforts after 1998, partly because
the number of Phase | awards increased, starting in the mid 1990s, and partly
because winners from more distant years are harder to reach. They are harder
to reach as time goes on because small businesses regularly cease opera-
tions, are acquired, merge, or lose staff with knowledge of SBIR awards.

* Success is self-reported. Self-reporting can be a source of bias, although the
dimensions and direction of that bias are not necessarily clear. In any case,
policy analysis has a long history of relying on self-reported performance
measures to represent market-based performance measures. Participants in
such retrospective analyses are believed to be able to consider a broader set
of allocation options, thus making the evaluation more realistic than data based
on third party observation.¢ In short, company founders and/or principal inves-
tigators are in many cases simply the best source of information available.

e Survey sampled projects at firms with multiple awards. Projects from firms
with multiple awards were underrepresented in the sample, because they
could not be expected to complete a questionnaire for each of dozens or even
hundreds of awards.

* Failed firms are difficult to contact. Survey experts point to an “asymmetry”
in their ability to include failed firms for follow-up surveys in cases where the
firms no longer exist.? It is worth noting that one cannot necessarily infer that
the SBIR project failed; what is known is only that the firm no longer exists.

* Not all successful projects are captured. For similar reasons, the NRC
Phase Il Survey could not include ongoing results from successful projects in
firms that merged or were acquired before and/or after commercialization of
the project’s technology. The survey also did not capture projects of firms that
did not respond to the NRC invitation to participate in the assessment.

* Some firms may not want to fully acknowledge SBIR contribution to
project success. Some firms may be unwilling to acknowledge that they re-
ceived important benefits from participating in public programs for a variety of
reasons. For example, some may understandably attribute success exclusively
to their own efforts.

* Commercialization lag. While the NRC Phase Il Survey broke new ground in
data collection, the amount of sales made—and indeed the number of projects
that generate sales—are inevitably undercounted in a snapshot survey taken
at a single point in time. Based on successive data sets collected from NIH
SBIR award recipients, it is estimated that total sales from all responding proj-
ects will likely be on the order of 50 percent greater than can be captured in a
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single survey.® This underscores the importance of follow-on research based
on the now-established survey methodology.

14

—
n
1

-
o
1

Sales (Millions of Dollars)

1 2 8] 4 X5 6 7 8 9 10 11 12
Survey taken Years after Phase Il Award

FIGURE B-4-1 Survey bias due to commercialization lag.

These sources of bias provide a context for understanding the response
rates to the NRC Phase | and Phase Il Surveys conducted for this study. For the
NRC Phase Il Survey for NIH, of the 1,127 firms that could be contacted out of a
sample size of 1,680, 496 responded, representing a 44 percent response rate.
The NRC Phase | Survey captured 10 percent of the 7,049 awards made by NIH
between 1992 and 2001. See Appendixes B and C for additional information on
the surveys.

aFor a technical explanation of the sample approaches and issues related to the NRC
surveys, see Appendix B.

bAlbert N. Link and John T. Scott, Evaluating Public Research Institutions: The U.S. Ad-
vanced Technology Program’s Intramural Research Initiative, London: Routledge, 2005.

“While economic theory is formulated on what is called ‘revealed preferences, meaning
individuals and firms reveal how they value scarce resources by how they allocate those
resources within a market framework, quite often expressed preferences are a better source
of information especially from an evaluation perspective. Strict adherence to a revealed pref-
erence paradigm could lead to misguided policy conclusions because the paradigm assumes
that all policy choices are known and understood at the time that an individual or firm reveals
its preferences and that all relevant markets for such preferences are operational. See {1}
Gregory G. Dess and Donald W. Beard, “Dimensions of Organizational Task Environments.”
Administrative Science Quarterly, 1984, 29: 52-73. {2} Albert N. Link and John T. Scott, Public
Accountability: Evaluating Technology-Based Institutions, Norwell, Mass.: Kluwer Academic
Publishers, 1998.

dAlbert N. Link and John T. Scott, Evaluating Public Research Institutions: The U.S. Ad-
vanced Technology Program’s Intramural Research Initiative, op. cit.

¢Data from NIH indicates that a subsequent survey taken two years later would reveal very
substantial increases in both the percentage of firms reaching the market, and in the amount
of sales per project.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://www.nap.edu/catalog/11964.html

86 SBIR AT THE NATIONAL INSTITUTES OF HEALTH

90
80
70
60
50

Percent

40
30
20
10

DoD NRC
Data Source

FIGURE 4-3 Degree of all sales concentrated in companies reporting $5 million+ in
sales.

SOURCES: NRC Phase II Survey, DoD Commercialization database.

likely to ensure that their responses are conservative. The DoD responses are also
from fewer companies, as they include a number of companies with numerous
responses: Only 108 companies accounted for all the DoD responses, compared
with 495 companies for the NIH Survey.*

Sales are highly concentrated. Figure 4-3 shows that the few projects gen-
erating at least $5 million per year in revenues account for most of the revenues
reported for all projects, ranging from slightly over 60 percent for DoD respon-
dents to more than 75 percent for NRC respondents.

This degree of sales concentration confirms the view that from the perspec-
tive of sales, the SBIR program at NIH generates a considerable number of
projects that reach the market, no more than 10 percent of which generate sales
greater than $5 million in total from the surveyed projects. Two of these larger
winners, Optiva5 and Martek, are discussed in Box 4-3 and Box 4-4.

“National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final Report,
July 2003 [NIH Survey]. The NIH Survey addressed one questionnaire to every firm winning a
Phase II award during the selected period; the DoD data derives from firms applying at DoD who
had also won previous NIH Phase II awards, and were thus required to answer commercialization
questions about those awards.

SInterview with David Guiliani, Optiva founder, July 2006. See also Puget Sound Business Journal,
“Philips to Acquire Optiva Corp.” August 22, 2000.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

NIH SBIR PROGRAM—OUTCOMES 87

BOX 4-3
Optiva Corporation

Medicine and dentifrice dispensing sonic brush, sonic toothbrush

Optiva, formed as Tech in 1987 by an entrepreneur and two University of
Washington professors, controls more than 26 percent of the U.S. power-tooth-
brush market, generating a $300 million business and 500 jobs mostly in Sno-
qualmie, Washington.

By 1997, Optiva was named the fastest-growing company in the U.S. by Inc.
magazine, and its CEO was selected as the Small Business Person of the Year.

In August 2000, Philips agreed to acquire Optiva for an undisclosed price
(reputed to be approximately $1 billion). At the time, Optiva had more than 600
employees and more than $175 million in annual sales from the Sonicare line. By
2001, Optiva had sold its 10 millionth power toothbrush, and had become the #1
producer of power toothbrushes in the U.S. market.

BOX 4-4
Martek Biosciences Corporation

Products from microalgae

Martek Biosciences Corporation develops and commercializes products from
microalgae. Martek’s products include fatty acids (omega-3 docosahexaenoic acid
and omega-6 arachidonic acid) which are used as ingredients in infant formula
and animal feeds. Martek’s DHA-rich oil can also be used in nutritional supple-
ments and functional foods for older children and adults. Martek also produces
fluorescent algal pigments used for diagnostic and pharmaceutical research
purposes.

Martek has become an important player in three markets:

* Infant formula. Martek has developed and patented two fermentable strains
of microalgae which produce oils rich in docosahexaenoic acid, DHA. In like
manner, another patented process was developed for a fungus that produces
an oil rich in arachidonic acid, ARA. Both DHA and ARA are found in breast
milk and are important nutrients in infant development. Thus the two oils are
used in infant formulas.

* Nutritional supplements. The DHA-rich oil can also be used in supplements
and functional foods for older children and adults.

¢ Life sciences and research. Martek also makes and sells a series of propri-
etary and nonproprietary fluorescent markers. These products have applica-
tions in drug discovery (high-throughput screening), DNA microarray detection
and flow cytometry.

Martek developed the technology underlying these products directly as a result
of SBIR funding, according to Henry Linsert, founder and CEO. The result has
been explosive growth for the company, rising from about $5 million in 2000 to
more than $185 million in 2004.
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4.2.2.2 Sales Expectations

Nineteen percent of NRC Phase II Survey respondents did not yet report
sales but expected sales in the future (see Figure 4-4). Table 4-1 shows that these
expectations are strongly concentrated in the immediate out years.

These expectations may, however, be overly optimistic. Table 4-2 shows the
elapsed time between the end of the Phase II award and the date of first sales. In
some cases, possibly where the award is for improvements to existing technolo-
gies, first sales may occur before the Phase II award is even completed.

The data set in Table 4-2 shows that the median elapsed time to sale is less
than two years—more than half of all projects reporting sales claim a date of
first sale within two years of the start of the Phase II award. This number can be
negative in cases where companies were using SBIR to improve products already
in the market.

Further, NRC Phase II Survey responses indicate that more than 85 percent
of first sales occurred before the end of the 4th year after the date of the award.

About 19 percent of all NRC Phase II Survey respondents claimed that they
anticipated sales in the future. However, if the survey data accurately predicts
the distribution of first sales across elapsed time since award, these respondents
appear to be overly optimistic.

The likelihood of a project generating initial sales diminishes with time
elapsed since the award. Table 4-3 focuses on the projects from the NRC Phase 11
Survey that still anticipate sales. It identifies the award year, and assigns a per-
centage likelihood of first sales, based on the distribution in Table 4-2. The NRC
Phase II Survey data indicate that a vast majority (86.2 percent) of first sales are
made within 4 years after the date of award. Consequently, projects that have not

Sales expected

(19%)
No response
(29%)
Sales not
expected
(6%)

Sales
(46%)
FIGURE 4-4 Sales expectations.

SOURCE: NRC Phase II Survey.
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TABLE 4-1 Year of Expected Sales

Year of Expected Sales Number of Projects
2005 22
2006 20
2007 20
2008 11
2009 1
2010 6
2011 2
2012 1

SOURCE: NRC Phase II Survey.

generated a first sale within four years have a 13.8 percent likelihood that they
will do so—historically, 86.2 percent of projects will have reported sales by then
if they are going to have sales at all.

These percentages can be used to adjust the claims of respondents, in Ta-
ble 4-3. They indicate that while 95 projects report that they still expect sales, we
estimate that in the end only five will actually reach the market.

It is important to note that this analysis refers only to first sales. The bulk
of sales in almost all cases occur at different and unknown periods after the first
sale. This is an important point: The sales data from the survey are effectively a
snapshot of sales taken at a specific point in the lifetime of a product. Most prod-
uct revenue returns are bell-shaped—ramping up from initial sales to a maximum

TABLE 4-2 Years Elapsed Between Start of Phase I Award and Year of First

Sale
Elapsed Years Number of Projects Percentage of Responding Projects
-11 1 0.4
=7 1 04
—4 1 0.4
-3 4 1.8
-2 6 2.7
-1 9 4.0
0 18 8.0
1 29 12.9
2 50 22.3
3 48 21.4
4 26 11.6
5 17 7.6
6 8 3.6
7 3 1.3
8 1 0.4
9 2 0.9

SOURCE: NRC Phase II Survey.
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TABLE 4-3 Frequency by Award Year for Companies Still Expecting Sales,

1992-2001.

Award Number Elapsed Years between Historical
Year of Projects Award and Survey Success (%)
1992 1 13 0.0

1993 3 12 0.0

1994 3 11 0.0

1995 3 10 0.0

1996 3 9 0.9

1997 13 8 0.4

1998 12 7 1.3

1999 20 6 3.6

2000 19 5 7.6

2001 18 4 11.6

NOTE: The results are calculated as follows: Y= time elapsed between date of award and date of
NRC Survey); D = 100-sum of percentages from Table 4-2 column three for that number of elapsed
years (e.g., for four elapsed years, the sum = sum (all years up to and including 4) = 100; 86.2 percent
= 13.8 percent.

SOURCE: NRC Phase II Survey.

and then declining as the product is overtaken in the marketplace. As the bulk of
responses to all surveys tend to be concentrated among more recent awards, the
“snapshot” in aggregate may therefore be focused on the early ramp up stage.

This hypothesis is supported by recent data from NIH, where the 2002 sur-
vey was followed up in 2005. During this period, the percentage of firms with
sales increased from 47 percent to 63 percent, and the estimated aggregate sales
doubled, to approximately $1.6 billion.® None of this subsequent sales growth
could be captured during the initial 2002 survey, and we would expect to see a
similar trajectory for the NRC survey completed in 2005.

4.2.2.3 Imminent Sales

While the analysis above shows that claims of future sales can be regarded
with some caution, focusing attention on imminent sales—those expected to be
made within the next 18 months—may provide a more reliable metric, and case
studies indicate that company managers have a better understanding of the near
future markets for their products.

The NRC Phase II Survey asked firms winning SBIR Phase II awards to
estimate the approximate amount of total sales resulting from the technology

©Jo Anne Goodnight, NIH SBIR/STTR Program Coordinator. Personal communication, April 4,
2007.
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developed during the project expected over the next 18 months, by the end of
FY2006.

Of the 496 survey recipients, 225 (45.4 percent) anticipated sales within the
next 18 months. The overall mean amount of anticipated sales was $559,622. On
average, companies without sales to date that anticipated any sales over the 18-
month period estimated an average of $1,233,656 in anticipated sales. However,
this figure may be optimistic: Less than 30 percent of the projects that reported
existing sales claimed that they have had sales of at least this magnitude.

4.2.2.4 Sales by Industry

Do the data show differences in commercialization by industry sector? Based
on the NIH Survey (which asked for the primary customer base) Table 4-4 shows
that four industry groups (biotechnology, information and research, instrumenta-
tion, and medical devices) account for 77 percent of the 205 projects reporting
sales.

However, this data set needs to be adjusted to account for the number of
respondents in each industry group. Figure 4-5 provides average sales per respon-
dent, by industry. It shows that information and research, and health care provide
average sales about twice the amount of other leading sectors. NIH might wish
to consider further what makes projects in some sectors more commercially suc-
cessful than others—and might even consider whether shifting SBIR resources
toward those more successful sectors might be warranted.

4.2.2.5 Sales by Size of Company (Employees)

Do commercialization results vary with the number of employees at the time
of the award? Although none of the agencies currently gather data about company
size during the application process itself, size may be an important predictor of
commercial success. Data in Table 4-5 show that there are differences by size of
company.

Firms with 10 employees or less account for 41.5 percent of respondents,
and 50 percent of projects with some sales but less than $1 million. Firms with
11-25 employees account for 28.3 percent of respondents, 27.2 percent of sub-
$1 million returns, and 35.4 percent of respondents with sales of more than $1
million and less than $50 million.

The comparison above shows that companies with no more than 75 employ-
ees consistently outperform companies with more than 75 employees in terms
of the percentage of projects that generate sales. The former group of companies
account for 76.6 percent of respondents to the NRC survey, but 86.1 percent of
all projects with sales.

In fact, the “sweet spot” by size is concentrated around 20 employees: com-
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Medical education, health promotion

Medical devices
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Information and research )
Healthcare __I

Environment, ergonomics

Industry Sector
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Biotechnology
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O Average revenues (respondents with sales) @ Average revenues (all respondents)

FIGURE 4-5 Per respondent sales, by industry sector (millions of dollars).

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Pro-
gram: Final Report, July 2003, NRC estimates.

panies with 11-30 employees accounted for 20.8 percent of respondents, but 31.7
percent of projects with sales.

4.2.2.6 SBIR-only Focus

One question about the role of the SBIR program concerns the extent to
which simply acquiring SBIR awards can substitute for further commercial activ-
ity. As shown in Table 4-6, some companies’ revenues are made up largely of
SBIR awards, but the percentage reliance on SBIR awards tend to decline as the
size of the company grows.

The data show responding firms’ current SBIR focus and current revenue,
which may of course be quite different from that during the time period of the
SBIR. Very small companies that won SBIRs in the past may not now have one
(hence the 31 companies with zero revenues and zero SBIR focus).

Despite these caveats, the data confirm that as companies get larger, their
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TABLE 4-5 Sales by Company Size

Sales ($)

Employees <IM >IM to <5M >5M to <50M >50M Total Percent
0-5 39 3 1 43 21.3
6-10 35 6 41 20.3
11-15 15 7 6 25 124
16-20 16 1 2 18 8.9
21-25 9 4 2 14 6.9
26-30 6 1 7 3.5
31-40 2 5 5 10 5.0
40-50 6 1 1 8 4.0
51-75 3 3 2 7 3.5
76-100 1 1 0.5
100-200 6 2 2 1 11 5.4
201-300 1 1 2 1.0
301-500 2 1 3 L5
500+ 1 2 3 1.5
Missing 6 2 1 9 4.5
Total 147 39 23 1 202 100.0
Percentage 72.8 19.3 11.4 0.5 100.0

SOURCE: NRC Phase II Survey.

reliance on SBIR funds tends to decline. Of the 38 companies with at least $5 mil-
lion in revenues, 30 (78.9 percent) reported no more than a 10 percent focus on
SBIR. Conversely, of the 102 firms reporting at least 76 percent focus on SBIR,
100 reported annual firm revenues of no more than $1 million.

4.2.2.7 Licensing Revenues

Up to this point, we have focused on sales and licensing revenues accruing
to the respondent. However, it is possible that licensing has some kind of mul-
tiplier effect by providing the licensee with a critical piece of technology. This
could potentially create a substantially larger commercial impact than is captured
in the direct sales data of the licensor, and this larger impact would be based on
technologies developed with SBIR funding.

Licensing revenues constitute a fairly small fraction of overall sales: The
$32,664,380 in licensing revenues reported by NRC respondents constitutes 8.8
percent of all reported revenues. Only a small fraction of SBIR grantees generate
substantial revenues from licensing.

This suggests that few companies can rely on licensing alone as a means
of generating significant revenues, even though case studies indicate that some
companies—and possibly many smaller SBIR recipients without manufacturing
capabilities—have business plans that depend on licensing revenues.
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FIGURE 4-6 Distribution of companies by number of employees.
SOURCE: NRC Phase II Survey.

Beyond the firm receiving the award, licensing creates opportunities for the
licensee, and the NRC Phase II Survey attempts to quantify how some companies
capitalize on this opportunity. It should be borne in mind that these responses
are from the licensor company, and may not be an accurate picture of licensee
activity.

As with direct sales data, the responses shown in Table 4-8 suggest that a
large majority of licensee sales are less than $1 million, and that there are only
a few very large responses.

Total sales reported for licensees as $336,677,403. Of this, $324,588,050
(96.4 percent) came from the eight responses (2 percent of all projects respond-
ing) reporting at least $5 million in licensee sales. These data indicate that licens-
ing revenues are much more concentrated in a handful of respondent companies
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TABLE 4-6 Firm Revenues by Percentage Dependence on SBIR

Percent of Firm Revenues that Come from SBIR
(Number of responses in each percent range)

Firm Revenues ($) 0 1-10 11-25 26-50 51-75 76-100 Total
0 31 41 2 2 2 14 61
<100K 12 15 7 16 14 29 81
100K-<500K 10 16 7 9 18 25 75
500K-<1M 28 33 17 28 21 32 131
1IM-<5M 13 26 3 10 20 2 61
SM-<20M 2 21 5 2 2 0 30
20M-<100M 0 3 0 1 0 0 4
100M+ 2 2 0 0 0 0 2

SOURCE: NRC Firm Survey.

TABLE 4-7 Revenues from Licensing

$5M+ (Number of Respondents) 2
$1M-<$5M (Number of Respondents) 3
$1-<$1M (Number of Respondents) 22
Total Dollars 29,184,380
Average Dollars 1,080,903
Average Dollars—All Respondents 58,839

SOURCE: NRC Phase II Survey.

TABLE 4-8 Sales by Licensees, as Reported by
Licensor Respondents

Revenues Reported for Licensee ($) Number of Responses
<IM 39
IM-<5M 5
SM-<50M 5
50M+ 3

SOURCE: NRC Phase II Survey.

than direct company sales revenues (discussed earlier in this chapter). Note that
respondents indicate three licensees with revenues of more than $50 million. This
compares with only one such claim for the responding projects themselves.

Despite the apparent difficulties in generating substantial revenues from li-
censing, the latter may be the most realistic method of commercializing a product
for some companies because, as noted above, small companies may not have the
manufacturing, marketing, or distribution resources to effectively sell their own
innovations. (See Box 4-5).
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BOX 4-5
Applied Health Science and the Wound and
Skin Intelligence System™ or WSIS™

The purpose of the Applied Health Science’s (AHS) early SBIR grant work was
to validate and automate a standardized assessment instrument (the Pressure
Sore Status Tool, originally authored by Dr. McNees’ (Dr. McNees is CEO/Chief
Scientists for Applied Health Sciences) colleague, Dr. Barbara Bates-Jensen) for
use in field settings for describing and tracking status changes in chronic wounds
(e.g., pressure ulcers).

The WSIS (Wound and Skin Intelligence System (tm) or WSIS(tm)) provides
clinicians with the ability to assess risk and request a “case specific” prevention
plan for reducing the probability that a wound will develop. The system tracks
prevention and treatment outcomes over time and relates these outcomes to
individual risk and wound profiles and interventions employed. Thus, the system
has the capacity to “learn” from its own experience.

The product was commercialized through the sale of rights to ConvaTec, a
wholly owned unit of Bristol Myers-Squibb and the largest wound products com-
pany in the world. ConvaTec provided Phase Il funding leading to commercializa-
tion. In exchange, it received a right-of-first-refusal for licensing the system, which
it subsequently executed. This merged AHS technology and research capabilities
with ConvaTec’s marketing power—reflected in its presence in about 80 countries
world-wide. ConvaTec subsequently bought all rights to the software. AHS retained
the worldwide data “pipelines”, and analytical functions. AHS also has a right-to-
first-review for any elaborations of or changes to the system.

AHS has announced current projections of $30 million in annual sales from the
U.S. market, and expects to add one employee for each 75 users of the system.
AHS and ConvaTec are also forming a series of strategic alliances with compa-
nies prepared to supply or develop add-on capabilities (e.g., a telemedicine home
health company in Chicago and a long-term care claims processing company in
Nashville).

The sale of technology rights to ConvaTec funded further development, situ-
ated AHS strategically where it wanted to be—focused on research and data anal-
ysis, not marketing—and took advantage of each partner’s strategic strengths.

4.2.2.8 Additional Investment Funding

Further investment in an SBIR project may be further—though by no means
sufficient—evidence that the work is of value, at least to the funding party.
About 37 percent of NIH Survey companies received some funding other than
further SBIR awards, although the NIH Survey did not ask about amounts of
investment.

The NRC data differ from the DoD and NIH data in that its respondents
reported a higher likelihood of their projects attracting third-party funding other
than SBIR.
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According to Table 4-9, a substantial number—?23-58 percent—of NIH SBIR
projects have been able to attract additional funding. A much smaller number—
4-9 percent—have been able to attract at least $1 million in additional funding.

A more detailed comparison of the NRC and DoD data is contained in Table
4-10.

The NRC survey reports much stronger further investment than does the
DoD database of NIH awards—the average investment per respondent was about
$1 million, compared with about $250,000 for the DoD-reporting companies.
Fourteen companies—about 7 percent of those reporting investments—received
at least $5 million.

Once again, though to a somewhat lesser degree than for sales, investments
are heavily concentrated in the few companies receiving substantial investments.
The 14 companies with more than $5 million in investments accounted for a total
of $383.5 million (76.3 percent) of all investments.

4.2.2.9 Sources of Investment Funding

The NRC Phase II Survey also sought information about the source of third-
party funding. Table 4-11 contains the first detailed data on sources of additional

TABLE 4-9 Additional Investment/Funding other than SBIR

Any Investment Investment >$1M
Number of Number of
Responses Percentage Responses Percentage
NRC Survey NRC Survey
No 193 422 No 416 91.0
Yes 262 57.8 Yes 41 9.0
Total 457 100.0 Total 457
DoD Data DoD Data
No 721 76.6 No 901 95.7
Yes 220 23.4 Yes 40 4.3
Total 941 Total 941
NIH Survey NIH Survey
No 487 63.4 Not available.*
Yes 281 36.6
Total 768

NOTE: (*) The NIH Survey did not ask respondents how much funding had been provided, only
whether there had been some amount of further non-SBIR funding, as well as the sources of the
funding.

SOURCE: NRC Phase II Survey, DoD commercialization database, and National Institutes of Health,
National Survey to Evaluate the NIH SBIR Program: Final Report, July 2003.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

NIH SBIR PROGRAM—OUTCOMES 99

TABLE 4-10 Further Investments in SBIR Projects

Number of Investments by Total Investment by

Size of Investment Size of Investment

DoD Data NRC Survey DoD Data NRC Survey
$50M+ 1 3 77,000,000 203,600,000
$5M-<$50M 3 11 32,329,122 179,979,409
$1IM-<$5M 36 37 80,492,819 77,691,224
<$1M 180 202 38,637,715 40,699,881
None 721 243 0 0
Total investments 220 253 228,459,656 501,970,514
Percent of all respondents 24.4 51.0
Average (all) 253,562 1,012,037
Average (with investment) 1,038,453 1,984,073

SOURCE: NRC Phase II Survey, DoD Commercialization Database.

funds for NIH SBIR-funded projects. As expected, venture funding provided both
the largest total amount of additional support ($155 million), and also the largest
average support per project funded ($10.3 million). However, venture funding
supported only 15 projects—Iess than 4 percent of all responses.

Conversely, internal funding was by far the most widespread form of sup-
port, being reported by almost 50 percent of all respondents. Average funding
was much lower, at $437,000 per project.

Investments from government and academic sources were relatively few in
number (less than 8 percent of the total) and relatively small in amount on a per
project basis.

TABLE 4-11 Sources of Investment Funding

Total Number of Average
Source of Investment Investment ($) Percent Investments Percent Investment ($)
Private Investment from U.S. 154,617,045 33.9 15 3.9 10,307,803
Venture Capital
Private Investment from other 141,992,212 31.1 40 10.4 3,549,805
Private Equity
Private Investment from 39,616,075 8.7 12 3.1 3,301,340
Foreign Investment
Private Investment from other 21,624,866 4.7 31 8.1 697,576
Domestic Private Company
Your Own Company 82,118,851 18.0 188 49.1 436,802
State or Local Government 6,290,000 1.4 23 6.0 273,478
Personal Funds 9,850,408 2.2 67 17.5 147,021
College or Universities 236,500 0.1 7 1.8 33,786
Total 456,345,957 100.0 383 100.0 1,191,504

SOURCE: NRC Phase II Survey.
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TABLE 4-12 Most Important Source of Non-SBIR Funding

Number of Responses Percent
None 487
Non-SBIR federal funds 19 6.8
Your own company 85 30.6
Other private company 61 21.9
U.S. venture capital 22 7.9
Foreign venture capital 3 1.1
Private individual investor 37 133
Personal funds 22 7.9
State or local government funds 15 54
College or university 5 1.8
Other 5 1.8
Foundations 4 1.4

278 100.0

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.

The NIH Survey generated responses approximately in line with those from
the NRC Phase II Survey. Personal and in-house corporate funds accounted for
20.2 percent of the total funding reported, with other private companies providing
another 4.7 percent. It appears that VC funding is underreported: About 40 per-
cent of companies identified by NRC as having received VC funding responded
to the NIH Survey as having done so.”

However, neither the NIH Survey nor the NRC Phase II Survey align well
with a third source of information on further investment—data from venture
capital databases.® Though reported in more detail in that section our analysis
indicates that of the top 200 Phase II award winners at NIH, 50 received venture
funding (see Figure 4-7).

We have identified a total VC investment of approximately $1.59BN in these
50 companies, a total that dwarfs the $272 million investment in these companies
via the NIH SBIR program.

There are four particularly striking findings regarding the data on external
funding:

» Sixty-five percent of all respondents reported no additional funding for
their project. Thus, in terms of the external funding indicator only, about
two-thirds of all projects did not commercialize.

* Venture capital funding was of mixed importance, accounting for only

"This illustrates one limitation of the NIH data, namely that it undercounts results from multiple
winners, which would presumedly include a significant number of the VC-funded companies.

8See National Research Council, Venture Funding and the NIH SBIR Program, Charles W. Wessner,
ed., Washington, DC: The National Academies Press, Forthcoming.
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FIGURE 4-7 Venture funding for NIH Phase II winners.
SOURCES: VentureSource and other VC databases; NIH awards database.

3.5 percent of all investments, but almost 30 percent of investments by
value.

e The amount of state and local funding provided was small, providing
funding for 5.4 percent of projects with funding, or no more than 2.5 per-
cent of all NIH respondents. By contrast, more than half of all respondents
received additional SBIR funding related to the project (see below).

* In fact, on the basis of additional funding alone, it is fair to conclude
that SBIR provided additional funding to more projects than did all
other sources of additional funding combined.

4.2.2.10 SBIR Impact on Further Investment

Both the NIH and NRC surveys sought additional information about the im-
pact of the SBIR program on company efforts to attract third-party funding. This
“halo effect” was mentioned by some case study interviewees who suggested that
an SBIR award acted as a form of validation for external inventors.

Case study interviews provided mixed views on this. Some interviewees
strongly supported the view that SBIR helps to attract investment; others claimed
that the effect was not that important. This is to be expected insofar as two-
thirds of SBIR respondents did not attract outside funding, and only 3.5 percent
received venture funding. This suggests that SBIR awards do not in themselves
guarantee further external funding.
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Survey responses, however, painted a more positive picture of these effects:
69 percent of NIH survey respondents said that the SBIR award had helped them
in their efforts to raise additional capital (although only 29 percent reported actu-
ally received additional capital). Of the NIH grant recipient respondents that did
receive additional funding other than SBIR, 78 percent agreed that this “resulted
from” their SBIR participation.

4.2.2.11 Additional SBIR Funding

Aside from third-party investment, the federal government in many cases
makes further investments via the SBIR program itself. Both the NIH Survey and
NRC Phase IT Survey attempted to determine how many additional SBIR awards
followed each initial award (see Table 4-13).

Both surveys suggest that over one-third of grant recipients receive at least
one additional related Phase IT award. Approximately 14 percent of respondents
reported receiving at least two additional awards, but as one might expect given
the skew in results, and the competition for awards, two-thirds of respondents
report no additional related SBIR awards at all.

4.2.2.12 Employment Effects

Employment resulting from the Phase II project is another indicator of com-
mercialization. It is also an indirect indicator of the SBIR program’s support for
small businesses.

TABLE 4-13 Related Phase II SBIR Awards

NIH Survey NRC Survey
Number of Additional Awards Number of Respondents Number of Respondents
1 152 92
2 65 30
3 19 11
4 8 8
5 4 12
6 2 0
7 1 1
8 1 0
10 3 2
12 1 0
11 1
> 27 5

NOTE: Overall percentages use total responses + missing responses as denominator.

SOURCES: NRC Phase II Survey; National Institutes of Health, National Survey to Evaluate the NIH
SBIR Program: Final Report, July 2003.
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As shown by Figure 4-8, the median size of companies receiving SBIR
awards is relatively small—far lower than the 500 employee limit imposed by
the SBA. The median size of grant recipient companies is 10 employees, and 60
percent of respondent companies had 15 employees or fewer at the time of the
survey.

However, while the median size of grant winners is small, and most award-
ees have 20 or fewer employees, employment is skewed across company size.
Total reported employment at the 319 companies is 15,467.5 full-time equivalent
employees (FTEs), but 8,090 (52 percent) of those FTEs work for the top ten
companies—and three of those companies are no longer eligible for SBIR awards
because they employ more than 500 persons.

These results broadly match the data from the NIH Survey, which also shows
that most employment is concentrated in the larger companies (Figure 4-9).

4.2.2.12.1 Employment Gains

The NRC Phase II Survey sought detailed information from respondents
about the number of employees they had at the time of the award, the number of
employees they had at the time of the survey, and the direct impact of the award
on their employment levels. Overall, it showed that the mean employment gain
at each responding firm since the date of its SBIR award was 29.9 FTEs. In addi-
tion, respondents estimated that as a result of their SBIR projects their companies
were, on average, able to hire 2.7 FTE employees, and to retain 2.2 FTE existing
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FIGURE 4-8 Distribution of companies, by employees.
SOURCE: NRC Phase II Survey.
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FIGURE 4-9 Employment at SBIR companies, by company size.

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Pro-
gram: Final Report, July 2003.

employees that might not otherwise have been retained.” Case study interviewees
noted that a Phase II award typically provides direct funding equivalent to the
addition of slightly more than one full-time researcher plus overhead for two
years.

The NRC Phase II Survey results show that the median post-award change
in employment was 27.5 FTE employees. Companies that expanded their work-
force rapidly pulled the mean employment change up much higher than the
median. One company grew by 3,700 employees after receiving the surveyed
SBIR award.

In the NIH Survey, 94 percent of respondents claimed that they had increased
staff as a direct result of the SBIR award, although the survey did not ask about
the size of employment gain.

4.2.2.13 Sales of Equity and other Corporate-level Activities

The NRC Phase II Survey explored several ways in which equity-related
activities might be finalized or underway at surveyed projects (see Table 4-14).
The data show that marketing-related activities were most widespread, with mar-
keting/distribution agreements related to 33.9 percent of projects, and licensing
agreements to 38.1 percent. Agreements likely to involve the direct transfer of
equity—mergers (3.2 percent), partial sales of the company (6.5 percent), and
complete sales of the company (5.0 percent)—were much less widespread. Note,

NRC Phase II Survey, Question 16.
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TABLE 4-14 Equity- and Marketing-related Activities Stemming from the
Surveyed SBIR Project

uU.S. Foreign

Companies/Investors Companies/Investors

Done  Under Total Done  Under Total
Activities (%) way (%) (%) (%) way (%) (%)
Licensing agreement(s) 19 16 35 9 6 15
Sale of company 1 4 5 0 1
Partial sale of company 2 4 6 0 1 1
Sale of technology rights 6 7 13 1 1 2
Company merger 0 3 3 0 1 1
Joint venture agreement 3 9 12 1 3 4
Marketing/distribution agreement(s) 21 10 31 12 6 18
Manufacturing agreement(s) 7 4 11 2 2 4
R&D agreement(s) 15 11 26 4 3 7
Customer alliance(s) 8 10 18 3 1 4
Other 2 2 4 0 1 1

SOURCE: NRC Phase II Survey.

however, that the question asked specifically for outcomes that were the “result
of the technology developed during this project”!%—a very tight, and limiting,
description for activities that occur at the level of the company, not the project.

IONRC Phase II Survey, Question 12.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

106 SBIR AT THE NATIONAL INSTITUTES OF HEALTH
25
20
€ 15 1
[0)
Qo
£ 10
5 .
0 T T T T T T T
é;\(\q @0& ‘k\(& ,6@ & e"\b &Q'b @e&
& & $° N <& & & &
‘é\\\ R Q\’b @0 ) 0\6\ @Q'b' é\\\ ‘qu\
o <Q QX N ® & é\‘&
P &
>

Equity-like Impact
FIGURE 4-11 Equity-like impacts.

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Pro-
gram: Final Report, July 2003.

Activities with foreign partners were substantially less common than similar
activities with U.S. partners. Once again, marketing-related activities were the
most widespread.

Similar results were found from the NIH Survey. Figure 4-11 shows the
percentage of NIH respondents who agreed that the specific outcome in question
had occurred “because of the product, process, or service developed during this
project”!!

In addition, the NRC Firm Survey determined that three firms with NIH
SBIR awards had had initial public offerings, and that a further three planned
such offerings for 2005/2006. Seventy-five out of 445 companies (16.9 percent)
had established one or more spin-off companies. This percentage is slightly
higher than that for all SBIR companies at all agencies during the study time-
frame. NIH-related firms accounted for 126 spin-offs, approximately 52 percent
of all spin-offs reported.

The impact of these activities on commercialization, on the spread of bio-
medical knowledge, and on small businesses is hard to gauge using quantitative
assessment tools only. The case study in Box 4-6 illustrates how research con-
ducted using SBIR funding seeded an entire generation of spin-off companies
and joint ventures based on a technology of potentially critical significance for
homeland security.

I"National Institutes of Health, “National Survey to Evaluate the NIH SBIR Program: Final Re-
port,” July 2003, Question 29.
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BOX 4-6
Intelligent Optical Systems

Distributed, sensitive chemical and biochemi-
cal sensors and sensor networks

Intelligent Optical Systems (I0S) has developed a system for using the entire
length of a specially-designed fiber-optic cable as a senor for the detection of tox-
ins and other agents. This bridges the gap between point detection and standoff
detection, making it ideal for the protection of fixed assets.

SBIR-supported research has been followed by a focus on the development of
subsidiaries and spin-offs at |OS. This activity has generated private investments
of $23 million in support of activities oriented toward the rapid transition to com-
mercially viable products.

Since January 2000, I0OS has formed two joint ventures, has spun out five
companies to commercialize various |IOS proprietary technologies, and has final-
ized licensing/technology transfer agreements with companies in several major
industries.

Optimetrics manufactures and markets active and passive integrated optic
components based on 10S-developed technology for the telecommunication in-
dustry. Maven Technologies was formed to enhance and market the Biomapper
technologies developed by 10S. Optisense manufactures and distributes gas sen-
sors for the automotive, aerospace, and industrial safety markets, and will be pro-
viding H2 and O2 optical sensor suites designed to enhance the safety of NASA
launch operations. OSS, which is I0S’s newest spin-off company, was formed to
commercialize chemical sensors for security and industrial applications.

The company currently employs 40 scientists, and its current sales mix is
almost 80 percent non-SBIR business. I0S currently holds 13 patents, with an
additional 13 applications pending.

4.2.2.14 Commercialization and FDA Approval

One final metric is relevant in considering commercialization at NIH: the
number of projects that seek and receive FDA approval.

Of the projects surveyed, 20 percent reported that the product they were
developing would require FDA approval. Table 4-15 shows the stages of FDA
approval that the projects had reached. This data set is comparable to that from
the NIH survey, which asked similar questions (see Figure 4-12). NIH data also
allow us to review FDA approval stage by industry. (See Table 4-16.)

NIH has recently provided additional data on FDA approval, tracking the
same population of projects 3 years later. These data indicate that there has been
some increase in meeting FDA milestones. (See Table 4-17.)

These data show that the number of approvals had increased to 60 or 7.8
percent of the projects originally selected for survey. A further 25 (3.1 percent)
have reached the intermediate milestone of approval for clinical trials. No data
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TABLE 4-15 FDA Approval

Percent of Responding Projects

Approval Stage which Require FDA Approval
Applied for approval 5.0
Review ongoing 3.0
Approved 38.5
Not approved 6.5
IND: Clinical trials 16.0
Other 32.0

SOURCE: NRC Phase II Survey.

are available on the number of projects that would have required FDA approval
before they can reach the market.

Further analysis is required to determine whether projects focused on prod-
ucts that will require FDA approval consistently commercialize more or less
successfully than others. These data also have implications for the recent NIH
Competing Continuation Awards (CCA) SBIR initiative, described in Chapter 3.
The CCA aims to support companies through the FDA approval process.
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FIGURE 4-12 NIH data on FDA approval stage.

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Pro-
gram: Final Report, July 2003.
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TABLE 4-16 FDA Approval Requirements by Industry

FDA Approval All Percent Requiring
Business Type Required Respondents FDA Approval
Pharmaceuticals 47 58 81.0
Medical devices 102 145 70.3
Biotechnology 87 175 49.7
Diagnostics 21 43 48.8
All Respondents 323 767 42.1
Other 5 12 41.7
Instrumentation 31 88 35.2
Chemical technology 6 20 30.0
Health care 5 21 23.8
Computer hardware, software 14 85 16.5
Engineering, fabrication 2 17 11.8
Environment, ergonomics 1 13 7.7
Information and research 1 25 4.0
Medical education, health promotion 1 65 1.5

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.

4.2.2.15 Commercialization: Conclusions

The data described above support the view that there has been an effort to
bring projects to market, with some measurable success. Even though the number
of large (e.g., > $5M) commercial successes has been few, the overall commer-
cialization effort is substantial. Of the 40 percent of surveyed projects that had
already reached the market, more than half did so within two years of the project
start date. More than one-third of projects received additional outside funding,
and 32.5 percent received additional related SBIR awards. These summary sta-
tistics support a conclusion that many award recipients are commercializing their
products, services, and processes.

TABLE 4-17 FDA Milestones Updated to 2007

Number of Projects

January August March  Total Unique
2002 2004 2005 2005 2007 Projects
Survey Update Update Update Update Approved

FDA approval received 48 9 2 0 60

FDA approval for clinical trials, 11 0 7 7 1 25
IND

TOTAL 59 9 9 7 1 85

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.
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BOX 4-7
The NIH Mission

The NIH mission is science in pursuit of fundamental knowledge about the nature
and behavior of living systems and the application of that knowledge to extend
healthy life and reduce the burdens of illness and disability.

4.3 AGENCY MISSION

NIH’s primary mission is improving public health through the development
and application of knowledge.

However, measuring the impact of the NIH SBIR program on public health
is extremely difficult. By the time the results of SBIR research become part of
the health care system, they are deeply intertwined with other inputs, making
measurement difficult. And as with commercial outcomes, data collection is a
serious problem.

The data provided below, and the cases used to explicate the data, are there-
fore to be understood as an effort to answer a question for which no conclusive
data exist. Instead, we offer a series of efforts to provide indirect evidence about
support for agency mission in the NIH SBIR program.

4.3.1 Targeted Populations

One way to evaluate the support provided by SBIR to the agency mission
is to assess the populations targeted by SBIR projects, and the NIH Survey
seeks to do so. Figure 4-13 shows the distribution of projects by size of affected
population for (a) projects reported to have reached the market and be in use,
and (b) those projects still in commercialization. Projects still in earlier stages
of development or discontinued have been filtered out. Note that percentages do
not add up to 100 percent, as respondents were permitted to select more than one
affected population.

Quantifying the impact that the products in use have on the affected popula-
tions is however problematic for at least two reasons.

First, the distribution of products across user groups does not measure the
intensity of the benefit received from use. A product that reduces the incidence of
hangnails in a potential population of 150,000,000 has a different impact than a
product which saves the lives of 1 percent of heart attack victims annually—4,944
people.'?

2Heart attack data for 2004 from American Heart Association <http://www.americanheart.org/
presenter.jhtml?identifier=4591>.
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SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Pro-
gram: Final Report, July 2003.

Second, many impacts from products are indirect. Medical technology im-
provements often affect final populations only through a long causal chain,
sometimes through indirect effects such as improvements in the efficiency with
which the user operates. Chatten Associates, for example, successfully used
SBIR to fund technology that automated the review of videotapes used to moni-
tor epileptic patients for seizures. Previously, videos were reviewed manually by
nurses, which took many hours of work for each 24-hour tape. By linking the
monitoring system to an EEG, and automatically picking up anomalies, the Chat-
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ten technology reduced the amount of time spent by nurses reviewing a 24-hour
tape from hours to minutes. This dramatic reduction had no obvious impact on
epileptic patients—but released nurses for hours of other work. It is also worth
noting that there are no data from Chatten or elsewhere on the numbers of nurses
affected by the product.

Thus, while we acknowledge the NIH effort described below to quantify the
impact of SBIR projects on public health, for both these reasons, it is probably
misleading at best to draw solid conclusions from statistics of affected popula-
tions derived from untested company estimates.

The data categories themselves are somewhat general and difficult to dis-
tinguish from each other, and they provide only limited insight into the markets
targeted by each project. The figure contains one surprise—the 27 percent of
projects are targeted at schools. However, this result may partly reflect projects
targeted at pediatric populations, which are not otherwise identifiable by respon-
dents in the context of this survey.

These data cover projects with products both in use and in the commer-
cialization stage. Figure 4-14 disaggregates the data, and shows that there are
significant differences between the two groups. Companies with products in use
are much less optimistic about the size of their affected population: Only 27.3
percent of respondents expected to affect at least 500,000 people, while 41.3
percent of respondents with projects still in development felt that they had such
a large market.

Table 4-18 focuses on products in use, and distinguishes between ‘“high-
impact” projects affecting more than 500,000 users, and other projects.

There are some substantial differences between the distribution of projects
among “all projects” and among the “high-impact projects. “All projects” are
much more heavily focused on research labs (26.9 percent), and much less
focused on medical practitioners and the general public. The table shows that
there was some clustering of “high-impact projects” around services to medical
practitioners and the general public.

4.3.2 Agency-identified Requirements and SBIR Contracts

At the agencies where the results of SBIR-funded research are purchased
for in-agency use (primarily at DoD and NASA), the agency’s mission is closely
identified with the procurement process. In general, these agencies’ SBIR pro-
grams support agency goals if the outputs produced by funded projects—weapons
or spacecraft, for example—are eventually procured by the agency.

At NIH, in-house use is rare, as contracts account for only about 5 percent of
all SBIR awards and the agency directly utilizes very few of its funded projects’
outputs.

Still, it is important to recognize that in some cases, the SBIR program has
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FIGURE 4-14 Distribution of projects by size of most important affected user
population.

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Pro-
gram: Final Report, July 2003.

generated outcomes that have been of direct use to the agency in fulfilling its
mission. A case describing such an outcome is briefly described in Box 4-8.

4.3.3 Identifying Mechanisms for Supporting Public
Health Through Qualitative Approaches

The cases completed by the research team, descriptions of successful projects
collected by NIH, and interviews with NIH staff paint a complex picture of how
SBIR activities can support the agency’s mission.

Table 4-19 identifies a number of ways in which SBIR has successfully
supported the mission of NIH. SBIR companies have had significant beneficial
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TABLE 4-18 High-impact Projects—By Target Sector

High-Impact All Percent of Percent
Population Respondents Respondents High-impact of All
Outpatients 4 28 9.1 11.2
Inpatients 1 22 2.3 8.8
Hospital personnel 4 10 9.1 4.0
Research labs 2 67 4.5 26.9
Diagnostic labs 4 15 9.1 6.0
Medical practitioners 7 24 15.9 9.6
Homecare providers 1 1 2.3 0.4
Other 2 3 4.5 1.2
Other health services 4 12 9.1 4.8
General public 8 26 18.2 10.4
Educators 2 7 4.5 2.8
Worksites 0 1 0.0 0.4
Schools, universities 1 11 2.3 4.4
Other companies, other technologies 2 7 4.5 2.8
Health researchers 1 5 2.3 2.0
MISSING 1 10 2.3 4.0
Total 44 249 100.0 100.0

NOTE: Hi-impact respondents are those with products in use, who expect to affect more than 500,000
people.

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.

BOX 4-8
Celadon Laboratories, Inc.

Multi-Method Software Platform for Primer and Probe Design

At the National Cancer Institute’s (NCI) Core Genotyping Facility (<http:/cgf.
nci.nih.gov/home.cfm>), one critical bottleneck to high-throughput genotyping has
been slow, tedious assay design that requires highly-trained personnel, which
results in an unacceptably high assay failure rate.

The ProblTy expert system developed by Celadon through SBIR has nearly
eliminated that substantial bottleneck. As a result, the NCI expects to recoup the
cost of the project within a year.

TABLE 4-19 Mechanisms for Supporting Agency Mission (public health)

Educational impacts Standards

Cost savings Knowledge pipeline

Visionary research Technology platform development
Niche products Geographical spread

Deployment of public goods Collaborative technologies
Agency technology needs Contracting and manufacturing

Diversification and R&D
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effects in all of these areas, though these effects may not directly and obviously
contribute to a substantial commercial success. This session discusses some of
these areas, and the SBIR activities within them.

4.3.4 Education

NIH has long since recognized that education is a critical component of pub-
lic health.!3 About 10 percent of SBIR projects are targeted at the general public,
and others are focused more tightly on health educators. '

Many education-developing companies work on a short product cycle, which
allows SBIR project products to reach the market quickly and efficiently. So-
ciometrics, for example, has claimed that every one of its more than 20 SBIR
awards has been directly translated into a product. Similarly, Morphonix has used
SBIR funding to develop the award winning children’s video game described in
Box 4-9.

4.3.5 Cost Savings

Given that health care expenditures have increased at more than twice the
general rate of inflation for the past five years,!> and given that the subsequent
competition for scarce health care dollars, projects that generate substantial cost
savings are extremely important. However, the fragmented nature of health care
markets, and the disconnect between health care patients and health care funding,
mean that incentives in this sector are sometimes perverse and the value of cost
savings is not always reflected simply in sales data.

One powerful example of cost savings which are reflected only partly in of-
ficial sales is provided by the case of Chatten Associates, outlined in Box 4-10.

4.3.6 Visionary and Long-term Research

Much policy attention has been focused on the need for measurable outputs
from the SBIR program. Yet it is also important to see that the program has been
used to support very high quality projects that have large long-term potential
pay-offs but a high chance of technical failure.

It is sometimes difficult to distinguish such visionary research from simple
failures (projects that have not yet and will never generate any useful commercial
outcomes or other important effects). Yet, by looking at individual cases, this

I3A11 the larger ICs and most of the smaller one’s have specific components dedicated to health care
education. E.g., the Health Education Programs at the National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK) at <http://www.niddk.nih.gov/health/edu.htm>.

14Data in this section are derived, unless otherwise noted, from the NIH Survey.

SStatistical Abstract of the United States 2007, Table 118, <http://www.census.gov/compendia/
statab/health_nutrition/health.pdf>.
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BOX 4-9
Morphonix, Inc.

Journey into the Brain

Journey into the Brain is CD-ROM adventure game for children. It is marketed
as both a consumer product for 11-14 year olds and a supplemental learning
program for middle schools. Morphonix notes that the purpose of the game “is
not just to teach about the brain, but to find the fun inherent in the subject.”

This kind of product may not generate huge commercial returns, but it may
reach a large audience and have a substantial and perhaps long term impact. The
evidence gathered by Morphonix suggests that the product:

* Generates increased interest and knowledge in neuroscience among children,
ages 7-11, by making science exciting and accessible to them through the use
of multimedia.

e Communicates complex concepts so young children can follow their interests
in a way that allows for differences in modes of learning. Key concepts of brain
structure and function are woven into game play.

* Increases the level of safety awareness among this age group of children
regarding issues such as the importance of wearing bike helmets.

* Gives children a sense of awe for their own rapidly developing brains while
helping them develop a stronger, more powerful brain.

Journey into the Brain has won many awards including: Best of Show, 1999
Best of the Northbay Awards; the 2000 National Parenting Publications Gold
Award; All-Star Rating from Children’s Software Review; Finalist, 1999 Edu-
cational Title of the Year (The Academy of Interactive Arts and Sciences); and
Finalist, Independent Games Festival at the 1999 Computer Game Developers
Conference.

Journey into the Brian was released in 1999, and has sold more than 36,000
copies. Many copies were sold to school systems and libraries, meaning that the
product has reached a much greater number of final users.

kind of project can be identified. One such case is SAM Technologies, of San
Francisco.

4.3.7 Niche Products

Many companies working with the SBIR program are focused on small
markets, where niche products can make a large difference to the lives of a
small client group. Analogous to orphan drug research, projects like these are,
according to economists, classic cases for government subsidy or support. One
such case is the SmartWheels product created by a small company in Arizona
(see Box 4-12).

Another example is the cancer informatics suite developed by Humanitas.
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BOX 4-10
Chatten Associates/ Telefactor

Long Term Epilepsy Monitoring

Facilities for long-term monitoring of serous epileptics in specialized facilities
and hospitals were traditionally highly labor intensive. Patients would be recorded
on synchronized EEG-video 24 hours per day, and nurses would then review the
tapes visually by fast forwarding to find epileptic events. This process could take
up to 6 hours per patient per day—a huge and expensive burden on highly trained
nursing staff.

Chatten worked to automate this process by processing the EEG as it was
recorded, and creating a file which highlighted possible epileptic events. Because
this occurred in real time, staff in the area could be alerted while an episode was
in progress.

The new approach reduced the 6 hours per day spent monitoring an epileptic
patient down to a few minutes, providing significant cost savings. However, these
technologies were typically embedded into larger systems, so independent sales
did not capture their commercial impact. According to Dr. Chatten, the new tech-
nology provided the critical edge in the sale of larger integrated systems.

There is no sales data available to suggest the number of nurses affected
by this technology, the total amount of time saved, or even the amount of time
saved per nurse. The evidence does suggest that this technology—which the
company says was developed only because SBIR funding was available—must
have released substantial resources for use elsewhere in the hospitals and facili-
ties where it was used. The product’s estimated total sales of approximately $30
million (at $5-7,000 per unit) also shows that its use was widespread.

The technology developed includes software for grading toxicity using a hand-
held computer, distance learning applications featuring searchable transcripts and
audiovisual slide presentations, and an online document/proposal management
system (<http://www.epanel.cc>). The suite is now distributed free over the Web
by Humanitas—by definition generating zero revenues, but delivering value
nonetheless in that the project has users.

4.4 SUPPORT FOR SMALL, WOMAN-
OWNED, AND MINORITY BUSINESS

SBIR is funding entirely devoted to small business. It is therefore by defini-
tion support for small businesses. However, this is not the entire story. Beyond
the share of funding going to small business, the quality of that impact is impor-
tant. We have seen that a variety of commercial and other impacts are associated
with the SBIR program. SBIR recipients themselves offer a range of positive
testimony about the impact of SBIR on their companies.

In addition, the NRC Firm Survey and NRC Phase II Survey and the NIH
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BOX 4-11
SAM Technologies

The Mental Meter Project

SAM Technologies (SAM) was founded by Dr. Alan Gevins in 1986 to pursue
a project he had conceived many years earlier as an undergraduate at MIT: to
build a Mind Meter (MM) that could directly measure the intensity of mental work
in the brain.

The benefits of such a project are likely to be very substantial and to extend
beyond the medical applications envisaged for the first product. SAM has high
expectations for the Online Mental Meter, a computer peripheral that will provide
continuous information about the user’s state of alertness and mental overload or
under-load. As Gevins notes, “This neuroadaptive capability will enable a system
to adapt itself to the user, as contrasted with the current situation in which the user
must adapt to the computer.”

SAM has been funded by the Air Force, the Navy, DARPA, NASA, NSF and
7 NIH institutes through SBIR and other contracts. It has turned down oppor-
tunities with a number of VC firms in order to maintain focus on the long-term
objective.

This is a highly focused project, using the same core staff over a long period.
The 8 most senior scientists and engineers (out of 13 in total) have been with SAM
an average of 11 years.

SAM is now reaching the marketplace. In 2005, SAM will release the first
commercial product in the MM line—the world’s first medical test that directly
measures brain signals regulating attention and memory.

In addition, SAM has generated a substantial flow of knowledge: more than 50
peer reviewed papers, and 18 patents.

In the end, even though there have been peripheral benefits along the way,
what is striking is the extent to which the SBIR program has facilitated such an
extended research project. According to Gevins, more than 94 percent of annual
funding comes from the SBIR program, from multiple agencies. This is a testimony
to the flexibility of the program.

Survey all seek to address the question of what would have happened to compa-
nies had they not received SBIR awards.

4.4.1 Small Business Shares of NIH Funding

SBIR provides support for small business in that it provides funding only
to businesses with no more than 500 employees—the SBA definition of a small
business. At NIH, that support is now over $500 million annually (see Fig-
ure 4-15). Moreover, SBIR grants and contracts are spread out across a lot of
companies. At NIH, few companies receive very large numbers of awards, and
many receive one or two.

The very rapid and sustained increase in SBIR funding from 1999 to 2004
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BOX 4-12
Three Rivers Holdings, Inc.

The SmartWheel: Development of Wheelchair
Pushrim Force and Measurement Device

SmartWheel is a product designed to measure accurately all the key param-
eters involved in the propulsion of wheelchairs by their occupants. These include
including stroke frequency, propulsion angle, acceleration, forces applied to the
handrim, velocity, and distance traveled. According to the company, “The Smart-
Wheel is the only commercial product in the world that measures propulsion
biomechanics in the natural environment of the wheelchair user”

SmartWheel has by now been in use as a research tool for more than ten
years as a means of measuring and analyzing pain and injury among wheelchair
users and also as a means of assessing interventions to address problems.
Currently, SmartWheels are in use at leading research institutions including the
Rehabilitation Institute of Chicago, the University of Michigan, the Rehabilitation
Institute of Montreal, the University of Washington, the Kessler Medical Rehabili-
tation Research and Education Corporation, the University of Pittsburgh, and the
University of Alberta.

SmartWheels is now being adapted for use as a clinical product. It has four
main uses:

* Justification of equipment decisions for insurance reimbursement, using pre-
cise data to identify users who cannot provide the force need to propel a
manual chair effectively

* Selection of the appropriate manual wheelchair, once again by the application
of precise data to the selection process

e Training that allows wheelchair users to improve propulsion efficiency by re-
ducing the stress on their arms through use of a longer stroke, reducing stroke
frequency, and minimizing wasted forces (e.g., pushing directly down on the
handrim).

* Creation of an individualized patient database, showing the effect of adjust-
ments and creating a longitudinal record for selected metrics

The company notes that SBIR awards were used to facilitate its transformation
from a hard-wired honcommercial research tool to a wireless, user-friendly com-
mercial clinical and research tool. Leading experts were hired as consultants, and
speed to market was accelerated.

All the evidence suggests that use of SmartWheel will continue to expand
clinically, and that increasing numbers of wheelchair users will benefit from the
technology. Yet commercially, this will never be a major success: The company
expects that if sales double in 2005 and continue to grow thereafter, revenues will
still only be $1 million in 2006. Still, the social benefits for the specific niche of
SmartWheel users greatly exceed any commercial return.
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FIGURE 4-15 Total SBIR funding for small business at NIH, 1983-2004.
SOURCE: NIH awards database.

has been driven by the doubling of the overall NIH extramural research budget
over that period, with a proportion of that funding allocated for small business.
However, this data set does not answer a related question: To what extent has
the SBIR program replaced other funding for small businesses at NIH. This ques-
tion can be addressed by comparing the level of SBIR funding with that available
through all other small business funding mechanisms at NIH (see Figure 4-16).
The awards data show quite clearly that the share of small business funding
being disbursed through the SBIR program has fallen steadily since soon after
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FIGURE 4-16 SBIR share of small business research funding at NIH, 1983-2004.
SOURCE: National Institutes of Health.
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the inception of the program at NIH in 1983. After peaking at 90 percent of all
small business research funding in the mid-1980’s, the SBIR program’s share
fell steadily to about 72 percent in 2003, before falling further in 2004 (which
may be an outlier).

These data clearly invalidate the hypothesis that SBIR has replaced other
forms of small business funding at NIH.

4.4.2 The Decision to Begin the Project

Figure 4-17 shows that almost half of NRC Phase II Survey respondents
were sure that their projects would not have occurred at all without SBIR fund-
ing. Altogether, almost 75 percent thought that would have been the case. NIH
Survey data are comparable, with 64 percent of respondents anticipating that
the projects would have been a “no go” in the absence of SBIR funding. These

Definitely yes
(5%)
Probably yes
(8%)
Definitely not
(45%) Uncertain NRC Phase Il Survey

(14%)

Probably not
(28%)

Project go
Not Applicable ";thaust;‘;"ard
21% °
( )\
NIH Survey

Project no go
without award
(64%)

FIGURE 4-17 Greenlighting the project.

SOURCE: NRC Phase II Survey and National Institutes of Health, National Survey to
Evaluate the NIH SBIR Program: Final Report, July 2003.
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figures suggest that SBIR often makes the difference between a research project
being pursued or not.

Even for projects that would have continued in the absence of SBIR fund-
ing, delays and other changes would have been caused by the resulting paucity
of funds. 51 percent of these respondents noted that the scope of their projects
would have been narrower; 19 of the 43 firms that would have continued any-
way expected their project would have been delayed. Fifteen firms expected this
delay would have been at least 12 months, and 13 expected a delay of at least 24
months, generating an average expected delay in project start of 8 months. Sixty-
three percent expected that project completion would also have been delayed.

4.4.3 Company Foundation

Responses to the NRC Firm Survey indicate that almost 25 percent of NIH
firms that received SBIR Phase II awards were founded entirely or in part as a
result of SBIR awards (see Table 4-20).

4.4.4 Company Foundation and Academia

Case study interviews suggest that SBIR has facilitated of the movement
of technologies and researchers from university labs to the commercial environ-
ment. Data from the NRC Firm Survey strongly support this hypothesis. More
than 80 percent of NIH respondent companies had at least one founder from
academia (see Table 4-21). The same survey found that about a third of founders
were most recently employed in an academic environment before founding the
new company. This data set, thus, strongly suggests that SBIR has indeed encour-
aged academic scientists to work in a more commercial environment.

4.4.5 Growth Effects

While there are no data about the effect of SBIR awards on company growth,
except for the employment data discussed above (which do not seek to explain

TABLE 4-20 SBIR Awards and Firm Foundation: Was the Firm Founded
Wholly or Partly Because of the Referenced SBIR Award?

Number of Responses Percent of Responses
No 342 74.8
Yes 49 10.7
Yes, in part 66 14.4

457 100.0

SOURCE: NRC Firm Survey.
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TABLE 4-21 Academics as Founders

Number of Responses Percent
None 86 18.9
At least one 369 81.1
All 455 100.0

SOURCE: NRC Firm Survey.

the cause of growth,) the NRC Firm Survey did ask respondents to provide their
own estimates of SBIR impacts on growth (see Table 4-22).

Almost half of respondents indicated that more than half of the growth ex-
perienced by their firm was directly attributable to SBIR. This too is evidence of
the powerful impact winning an NIH SBIR award can have on the development
of a small business.

4.4.6 Support for Woman- and Minority-owned Businesses

One of the congressional mandates for the SBIR program is to support
the work of women and minorities in science. The primary metric for this sup-
port is the extent to which SBIR programs fund woman- and minority-owned
businesses.

There is an extensive analysis of awards to woman- and minority-owned
firms in Chapter 3 of this report.

A review of the available data in Chapter 3 draws the following conclusions:

* Together, woman- and minority-owned firms account for an average of
about 15 percent of Phase I awards at NIH (2003-2006).

e The trend for minority-owned firms is downward since 1993, with some
annual variation, and minority-owned firms have accounted for less than
4 percent of Phase I awards since 2003.

TABLE 4-22 SBIR Impacts on Company Growth
(percentage impact of SBIR on overall company growth)

Number of Responses Percent
Less than 25 132 29.5
25 to 50 100 22.4
51to75 78 17.4
More than 75 137 30.6
Total 447 100.0

SOURCE: NRC Firm Survey.
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FIGURE 4-18 Phase I Award share of woman- and minority-owned firms, 1992-2006.
SOURCE: National Institutes of Health.

* The share of Phase I applications from woman- and minority-owned firms
has declined since early 1992, although absolute numbers have risen.

* This is true in particular of minority-owned firms, whose share of applica-
tions has declined from about 10 percent in 1996 to just over 5 percent in
2005.

* Lower levels of awards are partly explained by lower success rates—the
rate at which applications are selected to become awards. The data show
that woman- and minority-owned firms are consistently less successful in
the Phase I selection process—that lower percentages of their applications
generate awards. Minority applicants saw a particularly steep decline
in success rates from 1999 to 2004, with some recovery in 2005-2006.
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However, success rates for minority-owned firms remain about five per-
centage points lower than the rates for firms that are neither woman- or
minority-owned.

The data themselves provide no answer to the question of why woman- and
minority-owned firms have lower success rates. One promising hypothesis is that
these firms tend to be formed more recently, and have both a shorter track record
and less experience principal investigators, both of which may militate against
success in the NIH selection process.

Finally, it is important to note that while woman-owned firms have main-
tained and even slightly increased their share of SBIR Phase I awards at NIH,
they remain at an average of about 10 percent of all awards (2003-2006). At the
same time, the percentage of women among recent life sciences doctorates has
increased dramatically. According to NSF, in 1999 and 2000 women accounted
for more than 61 percent of all life sciences doctorates awarded.'® In that con-
text, maintaining a ten percent share of awards is much less impressive, and NIH
might well wish to undertake further analysis to determine why so few of these
new doctorates appear to be applying for NIH SBIR funding (note that there is
no requirement that a company exist in order to apply for an award, although a
company must be formed in order to accept one.)

4.5 SBIR AND THE EXPANSION OF KNOWLEDGE

Metrics for assessing knowledge outputs from research programs are well-
known, but far from comprehensive. Patents, peer-reviewed publications, and,
to a lesser extent, copyrights and trademarks, are all widely used metrics. They
are each discussed in detail below. However, it is also important to understand
that these metrics do not capture the entire transfer of knowledge involved in
programs such as SBIR.

4.5.1 Patents

The NRC Phase II Survey data indicate that about 34 percent of respondents
received patents related to their SBIR-funded project (see Table 4-23). About 41
percent of projects generated at least one patent application, and about 82 percent
of those applications were successful.

The NIH Survey generated similar data indicating that 37 percent of re-
spondents received a patent related to their SBIR award (although wording of
the question makes it impossible to know whether the patent was awarded for
work completed before or after the award). It is possible that a positive response

16Derived from National Science Foundation, Division of Science Resources Statistics, Women,
Minorities, and Persons with Disabilities in Science and Engineering: 2004, NSF 04-317, Arlington,
VA: National Science Foundation, 2004.
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TABLE 4-23 Projects Reporting Patent Applications
and Patent Awards

Applications Awarded

Number Percent Number Percent
No 249 58.7 280 66.0
Yes 175 41.3 144 34.0

424 100.0 424 100.0
Total 679 305

SOURCE: NRC Phase II Survey.

reflects a patent application rather than patent approval. The very small number of
“pending items” reported suggests that this may sometimes have been the case.

A negative correlation found between projects with patents and those with
marketing activities could indicate differences between projects targeted at prod-
ucts and those focused on knowledge. However, marketing activities are posi-
tively strongly correlated with knowledge outputs, indicating that this kind of
substitution effect is not detectable.

Once again, relationships between survey results and other variables might
provide extremely useful insights. For example, Figure 4-22 shows patenting
outputs by size of firm. Analysis of the scientific importance of the patents listed
was not possible because the patents themselves were not disclosed in the course
of the survey.

FIGURE 4-20 Number of patents per company reporting patenting activity.

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Pro-
gram: Final Report, July 2003.
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4.5.2 Scientific Publications

The NIH Survey did not distinguish between scientific publications and ar-
ticles in the trade and popular press. However, the NRC Phase II Survey did so,
and it determined that slightly more than half (53.5 percent) of the respondents
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FIGURE 4-22 Number of patents, projects with at least one reported patent—by size of
company.

SOURCE: NRC Phase II Survey.
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had published at least one scientific paper related to their SBIR grant. About 33
percent of those with publications had published only a single paper, but one
company had published 165 papers on the basis of its SBIR project, and several
others had published at least 50 (as shown in Table 4-24).

This data set fits well with case studies and interviews, which suggest that
SBIR companies are proud of the quality of their research. Publications are
featured prominently on many grantee Web sites, and companies like Advanced
Brain Monitoring, SAM Technologies, and Polymer Research all made a point
of stating during interviews that their work was of the highest technical quality,
as measured in the peer-reviewed publications.

Publications therefore fill two important roles in the study of SBIR
programs.

First, they provide an indication of the quality of the research being con-
ducted with program funds. More than half of the funded projects appear to be
of sufficient value to generate at least one publication.

Second, publications are themselves the primary mechanism through which
knowledge is transmitted within the scientific community. The existence of ar-
ticles based on SBIR projects is therefore direct evidence that the results of these
projects are being disseminated widely. This, in turn, implies the NIH SBIR is
meeting its congressional mandate to support scientific outcomes. It is useful to
note that the non-SBIR portion of the NIH research program does not have any
mechanism in place for determining whether similar knowledge effects are being
generated at the same rate as in the SBIR program. Note also that comparisons
with SBIR programs at other agencies may be less than completely valid, as the
publishing culture may be different outside the biomedical scientific world.

4.5.3 SBIR and Universities

SBIR can have further effects on the spread of knowledge through the
involvement of university staff and students in SBIR projects. For example,

TABLE 4-24 Publications

Number of Publications Number of Responses Total Publications
1 72 72
2 52 104
3 32 96
4 19 76
5 15 75
6-10 15 133
11-30 9 146
30+ 7 420
Totals 236 1,122

SOURCE: NRC Phase II Survey.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

NIH SBIR PROGRAM—OUTCOMES 129

TABLE 4-25 University Involvement in SBIR Projects

4% The Principal Investigator (PI) for this Phase II project was a faculty member.

7% The Principal Investigator (PI) for this Phase II project was an adjunct faculty member.

34% Faculty or adjunct faculty member (s) work on this Phase II project in a role other than
PI, e.g., consultant.

15% Graduate students worked on this Phase II project.

16% University/College facilities and/or equipment were used on this Phase II project.

5% The technology for this project was licensed from a University or College.

6% The technology for this project was originally developed at a University or College by
one of the participants in this Phase II project.

24% A University or College was a subcontractor on this Phase II project.

SOURCE: NRC Phase II Survey.

Advanced Targeting Systems, in San Diego, has forged an extended and very
successful research partnership with a senior scientist at the University of Utah.
Other companies have made similar arrangements.

Just over half (54 percent) of all respondents indicated that there had been
involvement by university faculty, graduate students, and/or a university itself
in developed technologies. This involvement took a number of forms, as shown
by Table 4-25.

The wide range of roles played by university staff and students indicates
once more the multiple ways in which SBIR projects feed the knowledge base
of the nation. Involvement in these projects provides opportunities for university
staff different than those available within the academy.
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Program Management at NIH

5.1 INTRODUCTION

The congressional charge to the National Academies was to assess the SBIR
program at NIH, and to suggest possible areas for improvement.

In this chapter, we focus primarily on the latter: areas where NIH might make
improvements to its SBIR program. In doing so, we primarily utilize case stud-
ies, interviews with NIH staff and other stakeholders, and secondary materials,
as well as data from the NRC surveys and other statistical sources.

The focus of the chapter is to provide an objective review of the manage-
ment of the NIH SBIR program, with a view to providing recommendations for
improvement. The latter are described in a separate chapter. The structure on
this chapter follows the logic of the awards cycle at NIH starting, with outreach
activities to attract the best applicants, through topic development, selection,
and funding, and concluding with commercialization support and a discussion
of metrics and data.

5.2 BACKGROUND

The NIH SBIR program started soon after the program was launched, in
1983. It has expanded steadily with the growth of extramural research at NIH,
and effectively doubled over the past four years as NIH funding doubled. The
program is now the second-largest, after DoD, and funded approximately $552
million in SBIR awards in FY2006.

Most of these awards are made in the form of grants; about 5 percent are
contracts focused on specific NIH needs. Almost all others are not designed to
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generate results that are purchased by NIH, unlike the procurement-oriented
programs at DoD and NASA.

The NIH program has a number of defining characteristics, some of which
are addressed in more detail in the remainder of this chapter.

* Investigator-initiated research. NIH is the only agency where the topics
areas in the program solicitation (request for applications) are guidelines,
not mandatory limitations on research topics.

* Larger awards. NIH now consistently exceeds the SBA awards size
guidelines for Phase I and Phase II, utilizing a blanket SBA waiver to do
SO.

e Peer-driven selection procedures. NIH appears to depend more than most
other SBIR programs on external peer review for advice on award selec-
tion, although final decisions remain the responsibility of NIH staff.

* Regulatory concerns. NIH is the only agency whose research often re-
quires approval from the FDA before it can reach the market. This creates
an important barrier to commercialization.

* Multiple awarding components. Twenty-three Institutes and Centers
(ICs) at NIH award fund their own SBIR awards, using a range of proce-
dures and with different degrees of integration with other programs.

Together, these characteristics give the NIH program a unique character, and
have informed management of the program in a number of important ways.

5.3 OUTREACH

Outreach activities at NIH are extensive, compared to some other agencies,
and have received significant attention from the NIH SBIR/STTR Program Of-
fice in recent years.

The activities appear in general to have had three primary objectives:

* To ensure that SBIR attracts the most qualified applicants;

» To reach geographical areas often perceived to be underserved; and

* To reach specific demographic groups that are perceived to be under-
served (e.g., businesses owned by women and minorities).

Mechanisms for achieving these objectives include:

» National SBIR conferences, which twice a year bring together represen-
tatives from all of the agencies with SBIR programs, usually at locations
far from the biggest R&D hubs (e.g., the spring 2005 national conference
was in Omaha, Nebraska).

e The National NIH SBIR conference held annually, in Bethesda, MD.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

132 SBIR AT THE NATIONAL INSTITUTES OF HEALTH

e The annual Program Administrators’ bus tour. An annual swing through
several “under-represented” states, with stops at numerous cities along the
way. Participants always include the NIH Program Coordinators.

e Web sites and listservs. NIH maintains an extensive Web site! contain-
ing application information and other support information. A number of
explanatory presentations are available online. NIH also allows users to
sign up for a news list-serve.

* Agency publications and presentations. NIH does not appear to use
print publications to any significant degree to publicize SBIR (except as
NIH events are reported in other publications, for example at the state
level). NIH does use electronic publications, such as the NIH Guide for
Grants and Contracts, to publicize Funding Opportunity Announcements
as well as the Commercialization Assistance Program and the Niche As-
sessment Program.

* Demographic-focused outreach. NIH regularly participates in several
conferences designed to reach specific demographics.

Overall, there are currently no metrics in place to determine whether the
above three objectives have been met in the past or are now being met. Interviews
at NIH suggest that the staff believes more outreach is required, and that raising
the size of awards has been the most important recent NIH outreach initiative.
Some staff members suggest that bigger awards attract better applicants.

NIH has strongly supported the SWIFT bus tour, and the NIH SBIR/STTR
Program Coordinator has gone on all recent tours personally.? Staff members
claim to have noticed a spike in applications from visited states and regions, but
have no empirical evidence matching bus tours with increased applications.

A review of IC Web sites also indicates that they provide a range of online
information from very basic to “fancy bells and whistles.” The Institutes and
Centers (ICs) vary greatly in their resources and talent to launch attractive and
informative Web pages. It could therefore be helpful if the NIH SBIR/STTR
Program Office could develop a standard information package that the Institutes
could then adapt for their particular programs, e.g., to display their own particular
list of initiatives.

5.3.1 Attracting the Best Applicants

The NIH staff notes that average scores for SBIR awards have trended
upward (NIH scores range from 100 (best) to 500 (worst), so an upward trend
indicates relatively weaker applications.) Some staff members have stated that the

'Accessed at: <hitp://www.nih.gov/grants/funding/sbir.htm>.

2SWIFT is a multistate bus tour periodically undertaken by SBIR Program Administrators from
different agencies to fuel technology growth and development across different regions by promoting
awareness of the SBIR programs.
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rapid expansion of funding in the program, together with the trend in marginally
funded scores, means that relatively weak applications are being funded.
This observation raises two questions:

e Is this perception accurate—is the quality of funded SBIR applications
low relative to those that receive other NIH funding?

e If so, does this mean that there are other better-qualified companies who
are not applying for SBIR?

Low relative scores. From discussions with staff, it appears that the pay-
lines® for SBIR awards at the different IC’s are substantially higher than for RO1
awards,* and these gaps have grown recently. This implies that projects funded
through SBIR are receiving worse peer-review scores than projects funded
through other mechanisms.

NIH management decided not to share scoring data with the research team,
so it is difficult to determine whether or to what extent reality matches percep-
tions in this area. However, it seems likely that these different scores may well
be the result of using a selection process that is primarily aimed at selecting
academic applications for basic research and adapting it for use with SBIR,
which has different objectives and indeed different selection characteristics.
For example, commercialization plans are supposed to play an important role
in selection for SBIR, but not for other NIH awards. It does not appear that
program staff has undertaken research either to substantiate this perception or to
investigate possible alternative explanations for differential scores between RO1
and SBIR applications.

New companies are applying. More than 30 percent of winning applications
are from companies not previously funded by the NIH SBIR program.’> New com-
panies participate in the annual conferences, and hits on the Web site continue
to increase. The new entrants in the program illustrate the attractiveness of SBIR
awards but do not address the qualifications of the applicant companies.

Burden on staff. There are “cultural” issues that may affect perceptions of
project or company quality. In interviews and responses to the NRC Program
Manager Survey, many NIH staff noted that SBIR applicants and awardees
placed a disproportionately high burden on agency staff, compared to similar
applicants and awardees in other programs. Michael-David Kerns of NIA may
have expressed this issue most clearly, observing that “We spend a dispropor-
tionately large amount of time with program administrators interacting with both

3The payline is defined as the score for the worst-scoring application that is still funded.

“RO1 awards are grants made to individual researchers. They constitute the most common form of
NIH award, and are also sometimes used as an informal comparison group for SBIR awards. How-
ever, as explained below, they are different, and comparisons between these groups are invalid.

3See Section 3.2.3.2: New Winners.
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potential and actual SBIR-STTR applicants.® These potential and actual SBIR-
STTR applicants send emails and telephone much more than other categories of
applicants (for basic research grant programs at NIH-NIA), making tremendous
demands upon the time of program administrators and the grants management
specialists. . . . Some of the reluctance and the comparatively low regard for the
SBIR-STTR Programs, is the amount of time that would-be applicants attempt
to and actually engage program administrators in marketing and selling their
project and product idea. Even after having explained, usually more than once,
that program administrators at NIH-NIA are not in the position of “buying” any
project and/or product, the SBIR-STTR potential applicants persist in marketing
and selling their projects and products. NIH-NIA program administrators are not
accustomed to and do not welcome attempts by individuals to “sell” anything””

5.3.2 Applications and Awards from Underserved States

Chapter 3 on program awards illustrated the extent to which awards have
been concentrated geographically. A single zip code in San Diego has received
more than twice as many awards as any other zip code in the country. Massachu-
setts and California alone account for 36 percent of Phase I awards 1992-2005.

Even though there has been some increase in awards to underserved states,
data for FY2005 shows that six states received zero Phase I awards, and a further
four states received one or two.®

A better approach to the issue of underrepresentation would be to look at
applications per scientists and engineer. The distribution of the latter reflects the
distribution of scientific and engineering talent, which should tend to predict ap-
plications and awards as well.

As Table 5-1 shows, there are wide variation in the number of applications
per 1,000 scientists and engineers, indicating that scientists and engineers in some
states use the SBIR program much more—in fact up to twenty times more—than
those in other states.

This does raise some important practical questions for the NIH program. To
begin with, it points to a somewhat different set of “underserved” states. While

%The Small Business Technology Transfer Program (STTR) reserves 0.3 percent of federal ex-
tramural R&D funding (vs. 2.5 percent for the SBIR program) for competitive awards to facilitate
cooperative R&D between small business concerns and U.S. universities and research institutions,
with potential for commercialization. STTR was established as a companion program to the SBIR
program, and is executed in essentially the same manner. There are, however, distinct differences.
Most notably, each STTR proposal must be submitted by a team that includes a small business (as
the prime contractor for contracting purposes) and at least one research institution. The project must
be divided such that the small business performs at least 40 percent of the work and the research
institution(s) performs at least 30 percent of the work. The remainder of the work may be performed
by either party or a third party.

"Response to NRC Program Manager Survey, April 2006.

8See Section 3.2.4: Phase I—Distribution Among the States and Within Them.
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TABLE 5-1 NIH SBIR Phase I Applications per 1,000 Scientists and

Engineers

MA 505 NJ 137 MN  10.1 AL 74 NV 50
MD 334 HI 135 OH 99 X 7.0 LA 48
UuT 232 CO 135 IL 9.7 ND 6.8 NE 4.7
NH 23.1 CT 130 MT 9.7 FL 6.5 KS 47
CA 19.1 WA 127 DC 9.7 KY 64 AR 44
VT 18.7 NY 126 WYy 93 1A 63 OK 39
RI 162 SD 123 NM 9.0 MO 6.1 ID 34
DE 16.0 PA 115 WI 8.0 GA 6.0 SC 3.1
VA 152 NC 11.0 TN 7.9 IN 57 MS 25
OR 145 ME 11.0 AZ 74 Ml 5.7 WV 22

AK 14

SOURCE: U.S. Census; National Institutes of Health.

states with low numbers of applications per scientists and engineer tend to have
low numbers of applications overall and hence low numbers of awards, only
five of the bottom ten states in Table 5-1 are also among the bottom ten states in
overall awards.

Some underserved states have made substantial efforts to win more awards
in recent years. This approach has been partly supported by the FAST program.’
While a comprehensive analysis of the FAST program is not available, interviews
with state agency staff and program participants suggest that, despite its lim-
ited funding, the program has been successful in helping to generate additional
applications.

Additional applications do not, however, always translate into increased
awards. For example, the state of Louisiana has made significant outreach ef-
forts that have resulted in an increase in the number of Phase I applications to
NIH from six in 1998 to 20 in 2001. However, during that period the number of
awards increased only modestly, from O to 2. More experience with the applica-
tion process may generate a more positive outcome over time.

5.3.3 New Applicants

Awards and applications data from NIH (described in detail in Chapter 3)
suggest that about 40 percent of applicants for Phase I have not previously won
an NIH SBIR award, and that about 30 percent of Phase I awards go to these
companies.

The Federal and State Technology Partnership Program (FAST) Program is operated by the SBA,
and provides states with a limited amount of matching funds to be used to strengthen the techno-
logical competitiveness of small business concerns in states. See <http://www.sba.gov/sbir/indexfast.
html>.
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FIGURE 5-1 Percentage of winning companies new to the NIH SBIR program, 2000-
2005.

SOURCE: National Institutes of Health.

Figure 5-1 shows that that the number of new winners has fallen slowly but
steadily in recent years. However, this is likely explained by the fact that there
are many more previous winners in the potential applicant pool each year.

5.3.4 Conclusions

In general, the data above support the hypothesis that the NIH SBIR pro-
gram is open to new companies, and continues to attract them, and that it is also
open to companies from outside the major biomedical research hubs in states
such as California, Massachusetts, and Maryland. However, it is also worth not-
ing that some at NIH—including NCI in its institutional response to the NRC
Program Manager Survey, suggested that funding for this outreach was severely
constrained:

We need to have annually committed funds to support a reasonable number of
HSA and Grants Management staff to travel to the two national meetings as well
as the annual NIH SBIR/STTR Conference which is now being held offsite.
If the NIH Conference is held in Bethesda, then logistics funds are needed to
support the Conference. Either funds should be made available from the SBIR/
STTR set-aside for outreach, or Institutes should make a standing commitment
to support these activities. '

1ONCI response to NRC Program Manager Survey, April 2006.
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5.4 TOPICS

Like other agencies, NIH publishes areas in which it is interested in fund-
ing research, known as “topics.” These topics are published in the annual NIH
Omnibus Solicitation. But unlike the other SBIR agencies, where technical topic
descriptions tightly limit awards, NIH topics are guidelines, not boundaries. The
agency is proud of this “investigator-initiated” approach. Researchers are encour-
aged to submit applications on any topic that falls within the broad mandate of the
IC funding agencies—which covers the entire universe of biomedical research.

This description of the SBIR funding as “investigator-initiated” is broadly
accurate. However, in recent years, an increasing percentage of awards have
been made through alternative mechanisms. The Program Announcement (PA)
mechanism operates through the regular selection procedure, but marks certain
areas as being of special interest to NIH; the Request for Applications (RFA)
mechanism goes further, and earmarks dollars within the SBIR set-aside specifi-
cally for selected topic areas. PAs now account for about 20 percent of Phase Is,
and RFAs for a further 5 percent. These are discussed briefly below, and in more
detail in Chapter 3.

5.4.1 Standard Procedure at NIH—The Omnibus Annual Solicitation

The Annual Omnibus Solicitation lists all the topics from all of the ICs at
NIH (and two other HHS SBIR participating agencies, CDC and FDA who use
NIH to manage their SBIR program). The Solicitation describes areas in which
research applications are encouraged, but applications outside these topic areas
are welcomed. The topics listed in the annual solicitation are broad guides to the
current research interests of the ICs.

These topics are developed by individual ICs for inclusion in the annual
Omnibus Solicitation. Typically, the NIH SBIR/STTR Program Office sends
a request to the individual Program Administrators (PMs), the SBIR points of
contact at each IC. These PMs in turn meet with division directors and determine
the focus of SBIR topics within the IC.

Division directors review the most recent Omnibus Solicitation (with their
staff), and suggest changes and new topics based on recent developments in the
areas of particular interest to the IC, or agency-wide initiatives with implica-
tions within the IC. The revised topics are then resubmitted for publication by
the SBIR office at the Office of Extramural Research (OER), which provides a
further review.

5.4.2 Procedures for Program Announcements (PAs)
and Requests for Applications (RFAs)

PAs and RFAs are NIH’s version of the mission-driven approach to topics
used in particular by the procurement agencies—DoD and NASA. Essentially,
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they are tools through which the Institutes and Centers (ICs) can encourage firms
to propose project that meet IC research priorities.

RFAs are announcements of research funding areas that the IC expects to
prioritize. The two types of announcement indicate different levels of IC interest.
RFAs are high priority areas that have funding from SBIR set aside for them. In
effect, they are operated much like the more rigid topics at other agencies.

PAs are simply announcements of interest—applications received in response
go through the same SBIR application process as other applications. However,
as described in Chapter 3, ICs may announce that awards made under a PA can
be for a longer time period (several additional years) and also for more money
than the standard guidelines or even than the average award at NIH. While the PA
applications go through the same selection process as other SBIR applications,
IC’s may exercise discretion and decide to fund an application under a PA over
other better-scoring applications. Discussions with agency staff suggest that this
occurs only at the margin (i.e. a decision between two projects both close to the
payline).

RFAs indicate more interest from the IC in two respects. First, applications
in response to a RFA compete for a separate pool of SBIR funding that the IC
carves out of its general SBIR pool specifically to serve the RFA. Second, these
applications are not selected using the normal Center for Scientific Research
(CSR)'! process. Instead, RFA applications go through a separate review process,
normally internal to the relevant IC.

Both PA and RFA announcements are published by one or more ICs and re-
flect the top research priorities at the ICs. NIH tries to ensure that while PAs and
RFAs define a particular problem, they are written broadly enough to encompass
multiple technical solutions to the defined problem.

PAs and RFAs appear to be the result of efforts to develop a middle ground
between topic-driven and investigator-initiated research. Essentially, by layering
PA/RFA announcements on top of the broad, standard solicitation, NIH seeks
to focus some resources on problems that it believes to be of pressing concern,
while retaining the flexible investigator-initiated approach that has served the
agency well. In a recent interview, the NIH SBIR/STTR Program Coordinator
indicated that NIH plans to increase the percentage of SBIR funds allocated to
more targeted research through these mechanisms.

5.5 SELECTION

The peer review process at NIH is by far the most elaborate of all the SBIR
agencies. It is operated primarily through the Center for Scientific Research

'The Center for Scientific Research manages the review process for all NIH awards, except the
small number managed in-house by individual ICs (such as the SBIR RFAs).
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(CSR). CSR is a separate IC which serves only the other ICs—it has no direct
funding responsibilities of its own.

The system has been criticized on a number of fronts, most notably for be-
ing inhospitable to innovation,'? and because in tests of peer review processes
elsewhere in biomedical research a significant degree of randomness in results
has been identified.'? Nonetheless, peer review is deeply entrenched at NIH, and
the selection of SBIR awards at NIH operates through the peer review that has
been implemented agency wide.

5.5.1 Study Sections

Applications for NIH SBIR awards are received at CSR and are assigned
to a particular study section (as review panels are known at NIH) based on the
technology and science involved in the proposed research. Panels can either be
permanent panels legally chartered (established and defined) by Congress, or
temporary panels designated for operation by NIH, called Special Emphasis
panels (SEPs). Most SBIR applications are assigned to temporary panels, many
of which specialize in SBIR applications only.

Specialized panels at NIH are increasingly used because the requirements for
assessing SBIR applications—notably the commercialization component—are
quite different from the analysis required to assess the basic research conducted
under other NIH grant programs. However, several respondents to the NRC
Program Manager Survey at NIH noted that some study sections did consider all
kinds of applications, and they did not believe this was the optimal way to review
SBIR applications. A program manager at NCI observed that “More and more
mixing of mechanisms is occurring in study sections once devoted to SBIRs, thus
diluting the focus.”!*

CSR is organized into four divisions, each of which is divided into Inte-
grated Review groups (IRGs) by science/technology (e.g., infectious diseases,
immunology). Each IRG manages a number of study sections.!> Neither CSR nor
the study sections are organized by either disease or IC—they reflect scientific
distinctions only.

Special Emphasis Panels (SEPs) are reconstituted for each funding cycle.
Almost all SBIR applications are reviewed by SEPs, which have a broader tech-
nology focus than the permanent chartered panels. Members can attend no more
than 12 SEP study sections in 6 years. Section membership shifts with scientific
trends.

12D, F. Horrobin, “The philosophical basis of peer review and the suppression of innovation,”
Journal of the American Medical Association, 263:1438-441, 1990.

13T. Jefferson, et al., “Measuring the Quality of Editorial Peer Review,” Journal of the American
Medical Association, 287:2786-2790, 2002.

!¥Response to NRC Program Manager Survey, April 2006.

SFor example, the immunology IRG has seven permanent and two temporary study sections.
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The second kind of study section, known as chartered (permanent) study sec-
tions, usually has a narrow technical focus (e.g., host defenses, innate immunity).
Most sections are chartered, and their members are semi-permanent; sitting for
4-8 years out of every 12.

Most SEPs draw the majority of their applications from a subset of ICs. For
example, the immunology IRG covers applications that refer to about 15 ICs, but
50 percent of its work comes from NAIAD, with a further 33 percent from NCI,
reflecting the technical specialization of the SEP.

NIH guidelines are that at least one panelist (member of the study sec-
tion) should have small business background. However, some Scientific Review
Administrators (SRAs) appear to be making a greater effort to get panelists
with entrepreneurship experience. One recent panel, for example, had 13 small
business representatives out of 25 panelists.'® That constituted a change for that
panel: Previous panels in that technical area had been dominated by academics.
NIH guidelines mandate 35 percent female and 25 percent minority panelists on
each panel.!”

There were numerous comments from agency staff and awardees about the
difficulties of getting study sections with an appropriate mix of expertise. Some
respondents to the NRC Program Manager Survey also focused on the need for
more training for reviewers. Connie Dresser at NCI, for example, noted that
“SBIR training needs to be mandatory for all SBIR reviewers in that they need to
know what they should not be focusing on or why they should not be comparing
SBIR content with RO1 content. Also, we need people with marketing training
and experience in review. The university types know text book information about
marketing, not real-world marketing.”'® Other comments were more trenchant:
“One basic flaw, in addition to the fundamental methodological deficiencies, is
the reliance upon academic scientists to conduct reviews of SBIR-STTR applica-
tions. To put it simply: They are not qualified.”!’

One additional point on this subject was made by an NIH staff member. She
noted that the selection process would be improved by the addition of profes-
sional consumers of medical producers, e.g., users of MRI technology, as well
as experts in its development.??

IONIH staff interview.

17See Center for Scientific Review, “Overview of Peer Review Process” for detailed discussion
of the peer review process at NIH. <http://cms.csr.nih.gov/ResourcesforApplicants/PolicyProcedure
Review+Guidelines/OverviewofPeerReviewProcess/>.

18Response to NRC Program Manager Survey, April 2006.

“Michael-David Kerns, NIA, Response to the NRC Program Manager Survey, April 2006.

20Amy Swain, NCRR. Response to NRC Program Manager Survey, April 2006.
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BOX 5-1

“Competitive pressures have pushed researchers to submit more conservative

applications, and we must find ways to encourage greater risk-taking and in-

novation and to ensure that our study sections are more receptive to innovative
applications.”

Dr. Toni Scarpa, Director, CSR.

“Research Funding: Peer Review at NIH”

Science, 311(5757):41, January 6, 2006.

5.5.2 Selection Procedures

Each application is assigned to a subset of outside reviewers on the relevant
panel—two lead reviewers and one discussant.

These three panelists begin by separating out the bottom half of all appli-
cations. These applications are not formally scored, though the applicants do
receive a written review explaining why they were not selected.

At the review panel meeting, the three reviewers provide their scores on the
remaining half of the applications before there is any discussion. Following a
panel discussion, the three reviewers make changes to their scores if they wish.
The entire review panel then scores the application.

Scoring is based on five core criteria:

» Significance of the proposed research.

» Effectiveness of the proposed approach.
* Degree of innovation.

* Principal Investigator’s reputation.

e Environment and facilities.

There is no set point value assigned to each of these. Scores of individual
reviewers are averaged (no effort is made to smooth results for example by elimi-
nating highest and lowest scores). This average is multiplied by 100 to generate
the reported score, between 100 (best) and 500 (worst). Fundable scores are
usually in the 210-230 range or better, although this varies widely by IC and by
funding year. Scores are computed and become final immediately.

According to an experienced NIH SBIR program manager, Gregory Mil-
man, “most reviewers feel that NIH funds should be used for research and not
for development.”?! This reflects the view that reviewers are generally biased

21Gregory Milman, “Advice on NIH SBIR and STTR Applications,” April 2005, Slide 10. Ac-
cessed at: <http://www.niaid.nih.gov/ncn/sbir/advice/advice.pdf>.
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toward the kind of basic research funded by more standard NIH programs, such
as ROI. Currently, there are no data to substantiate this view, but it is held by
several senior staff members. For example, the NIDA response to the NRC Pro-
gram Manager Survey noted that “Grants are currently reviewed mostly from a
research perspective (which reflects the characteristics of the review group and
NIH priorities) with minimal emphasis on commercialization potential.”’??

Milman further notes that “Academic reviewers are most comfortable with
hypothesis-driven research . . . the collection and analyses of data necessary for
your product. Research is not developing something, building something, or
discovering something. You can use grant funds to develop, build, and discover
but only as necessary to collect and analyze data.”

Reviewers are instructed not to base their evaluation of applications on the
size of the funding requested. They are required to note if the funding requested
is appropriate for the work proposed. As a result, reviewers do not consider pos-
sible trade-offs between different size applications (i.e. whether one large high
scoring project is “worth” giving up for two or three similarly meritorious smaller
projects). This is increasingly important as the size of applications varies from the
standard SBA and NIH guidelines. These trade-offs are supposed to occur within
the IC as it makes funding decisions, but interviews with IC staff suggest that the
degree to which it does so is highly variable, and nontransparent.

Reviewers are also instructed not to consider in their evaluation the number
of SBIR awards previously given to the applicant. The application form asks
proposing companies to note if they have received more than 15 Phase II awards,
but this question is for administrative purposes only. Otherwise, the application
forms have no place to list previous awards. While companies with strong track
records seek to ensure that these previous successes are reflected in the text of
their application, there is no formal mechanism for indicating the existence or
outcomes of past awards. Reviewers also do not know the minority or gender
status of the PI or of the company.

5.5.3 Post-meeting Procedures

Once the study section has completed its meeting, scores are tallied imme-
diately. These scores are then sent to the funding IC, which receives scores for
all other SBIR applications that have been assigned to it.

Budget officers then work through procedures designed to establish the
payline—the score above which applications will be funded for this funding
cycle. These procedures include identifying the overall size of the funding pool
for SBIR (2.5 percent of the total budget for extramural research), identifying
and tallying all noncompeting SBIR awards (e.g., Phase II, year two awards) to
which the NIH is already committed, setting aside funds needed for RFAs, and

22NRC Program Manager Survey, April 2006.
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finally calculating the amount of available funds. These funds are then allocated
to applications by the IC (ICs appear to use different procedures for doing this),
primarily according to their scores. The payline is established at the point at
which all available funds have been expended.

Typically, the payline for each ICs SBIR awards is in the range of 210-230,
but it can be considerably higher or lower depending on the specific IC and the
specific application cycle.

At this point, IC staff may intervene to make marginal adjustments to the
list, perhaps moving one or two nonfunded applications up above the payline,
and consequently defunding marginal applications with higher scores. Staff at
NIH report that these adjustments are minimal, but there are no available data on
this important point.

The funding procedure at NIH does not appear to have changed even though
the size of awards has increased substantially. A new element—trade-offs—has
been added into the funding equation. Applications asking for relatively large
funding amounts can potentially preclude multiple smaller awards of similar
merit. It does not appear that any IC staffers are explicitly charged with assessing
these possible trade-offs within the SBIR program, nor is there any additional
formal layer of review for unusually large SBIR awards. Extra-large RO1 ap-
plications, by contrast, must receive special approval.

5.5.4 Positive and Negative Elements of NIH Peer Review Process

On the positive side, outside review results in:

e Strong endorsements within the agency for applications derived from
formal peer review;

* Alignment of the program with other programs at NIH, which operate
primarily via peer review;

» Perceptions of fairness related to outside review in general;

e Absence of claims that awards are prewired for particular companies;
and

e Access to reviewers with specialized expertise.

On the negative side, difficulties with the outside review process expressed by
staff, awardees, and other experts in interviews appear to have been exacerbated

by recent efforts to infuse commercialization assessment. Problems include:

* Deteriorating quality of reviews as workload increases, and difficulties
in recruiting peer reviewers with appropriate expertise; NIH now han-
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dles 80,000 applications annually, and recruits more than 15,000 peer
reviewers.??

* Significant perceptions that scoring has a large random component (a view
presented by many case study interviewees, and also by a number of NIH
SBIR program officers).

* Conflict of interest problems related to commercialization (an issue raised
forcefully by several interviewees and by other stakeholders knowledge-
able about the program, but not accepted in the course of NIH agency
interviews).

* Substantial delays in processing (accepted by NIH as a problem).

* Questions about the trade-offs between different size awards (see above).
These questions are likely to grow as the number and diversity of extra-
sized awards continues to expand (see Chapter 3 for details).

Overall, outside review appears to add fairness and legitimacy but also com-
plexity and delay. Companies interviewed and NIH program officers both pointed
out that in many ways, the NIH process had not been adjusted to address the
needs of companies trying to work fast in an increasingly competitive environ-
ment. Delays that might be acceptable at an academic institution focused on basic
research with multiyear timeframes may have a more harmful effect on smaller
businesses working within a much shorter development cycle. These issues are
to a considerable extent understood at NIH, and the agency has started to initiate
changes to address these problems. (See Section 5.5.8.)

5.5.5 Confidentiality and IP Issues

Applications are, in theory, strongly protected. They are not made public and
reviewers sign confidentiality agreements before seeing the applications. Only the
summaries of awards are published.

Nonetheless, confidentiality remains an important issue at NIH. Several case
study interviewees (e.g., those at Neurocrine, Advanced Brain Research) were
concerned that competitors are able to act as reviewers—in some cases despite
written appeals for their removal to the Scientific Review Administrator (SRA),
the NIH health scientist administrator in charge of review and advisory groups.

These concerns were reflected in some of the responses to the NRC Program
Manager Survey (although others specifically saw no problems with conflict of
interest). Connie Dresser of NCI, for example, noted that “Conflict of interest is
a major concern in my review sessions. While the SRA 1is very good about re-
minding reviewers to excuse themselves from the room, I have had reports from

23Dr. Toni Scarpa, “Research Funding: Peer Review at NIH,” Science: 311(5757):41, January 6,
2006.
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grant applicants about reviewers who presented similar information or projects
to theirs at conferences.?*

There appears—from interviews—to be some evidence that peer review pan-
els are requiring more detailed data from applicants, especially at Phase II, and
that these demands present further difficulties: Neurocrine noted that this raised
problems because the data requested were confidential, commercially critical,
and not yet legally protected because patenting every advance at the earliest stage
was simply not economically feasible. This left an “IP gap” between the initial
identification of a promising compound or molecule, and the date at which testing
results were sufficiently promising to justify the time and expense of patenting.
Conversely, CSR officials noted that review panels had every right to require
sufficient data on which to make a reasoned judgment about the viability of a
particular technical approach, and that with increasing numbers of applications,
more attention was focused on the technical details of each proposal.

These concerns are reflected in the advice from Gregory Milman, SBIR
Program Manager for NAIAD, who warns applicants in advance: “I strongly
recommend that you protect your intellectual property before you describe it in a
grant application. I would not depend upon confidentiality agreements signed by
reviewers or the fact that grant applications are not public documents.”?

5.5.6 Metrics for Assessing Selection Procedures

Assessment of the SBIR selection process is complicated because the pro-
gram serves many objectives and hence must meet multiple distinct criteria.
Discussions with agency staff, award winners, and other stakeholders (such a
bio-oriented venture firms, congressional staff) suggest that the following criteria
best reflect a “successful” selection process:0

» Fair. Award programs must be fair and be seen as fair; the selection pro-
cess is a key component in establishing fairness.

* Open. The program should be open and accessible to new applicants.

» Efficient. The selection process must be efficient, using the time of ap-
plicants, reviewers, and agency staff efficiently.

» Effective. The selection process must select the applications that show the
most promise for meeting congressionally mandated goals, as interpreted
by NIH.

* Mission-oriented. The selection process must help the program to meet
the agency mission.

24Response to NRC Program Manager Survey, April 2006.

2Gregory Milman, “Advice on NIH SBIR and STTR Applications,” op. cit., Slide 16.

26While these are the criteria against which all SBIR agencies develop their selection procedures,
the criteria are not explicitly recognized or articulated in any agency, and the agencies balance them
quite differently.
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The last two criteria are best considered in light of outcomes (see Chapter 4).
The remaining components of the selection process are discussed below.

5.5.6.1 Fairness

Discussions with case study interviewees and agency staff indicate that the
perceived fairness of selection procedures is a function of several factors. These
may include:

* Transparency—is the process well known and understood?

e Implementation—are procedures implemented consistently?

* Checks and balances—are outcomes effectively reviewed by staff with
the knowledge and the authority to correct mistakes?

* Conflicts of interest—are there procedures in place and effectively imple-
mented to ensure that such conflicts are recognized and eliminated?

* Appeals and resubmissions—are there effective appeals and/or resubmis-
sion procedures in place?

* Debriefings—is there a debriefing procedure that increases the perception
of fairness among unsuccessful applicants?

Both agency staff and applicants noted that the considerable degree of appar-
ent randomness in the process to some extent undercut perceptions of fairness.
Karen Peterson, of NIAAA, noted that “This is the weakest point of all in the
program. While scores have been improving for applicants to our institute, the
quality of reviews especially in the behavioral sciences is widely variable.”?

Transparency. At NIH, the selection process is almost the same process
that is used for all other NIH awards. The process is explained on the Web, and
in written materials sent to applicants. However, NIH staff report that they spend
considerable more effort supporting SBIR applicants and awardees than they do
applicants from universities, where the NIH application process is often sup-
ported by more experienced staff.

Implementation. The NIH review procedures are formalized, and are imple-
mented under the supervision of professional and independent review staff at
CSR; procedures appear to be followed consistently and predictably.

Checks and balances. Scores are highly influenced by the three core re-
viewers of each proposal, and within them, by the lead reviewer. Once the study
section has scored and reviewed the panel, IC staff may decide to fund or not
fund “across the payline,”?? essentially reversing decisions by the study section.
Interviews with NIH staff suggest that this is rare, though NIH has provided no

2TResponse to NRC Program Manager Survey, April 2006.
28See discussion of Payline below.
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data on this subject. Decisions by IC staff are reviewed and usually approved by
the IC’s advisory council, which usually meets three times annually.

Appeals. The appeals process is largely moribund. NMIH staff and inter-
viewees agreed that the resubmission process was much faster, simpler, and
likely to be more effective. NIH does provide a written response to every applica-
tion, with detailed information about why awards were not accepted. Applicants
indicated in interviews that this debriefing was critical to the resubmission of
applications—although some noted that changes in the composition of review
sections meant that fixing criticisms was often not enough to ensure selection
next time around.

Conflicts of interest. NIH has clear conflict of interest regulations in place
for reviewers, and also has procedures in place that would allow applicants to
seek to exclude an individual panel member from reviewing their proposal.

However, a number of interviewees among the companies and other stake-
holders such as VC firms noted that these regulations largely operate on the
context of an honor system: CSR undertakes no systematic or random checks on
reviewers. Their experiences had been mixed, and several noted that as NIH seeks
to introduce more commercial expertise into the review process for SBIR awards,
the potential for conflict of interest problems may increase (although others noted
that academics may also have conflicts of interest). The extent to which this works
in practice is not clear, and it may depend on individual CSR officers. Interviewed
awardees have repeatedly mentioned potential conflicts of interest as a problem
with the SBIR review system.

Resubmissions are the standard mechanism for appeal at NIH, and about 33
percent of all awards are eventually made after at least one resubmission. This
ability to resubmit enhances perceptions of fairness.

Finally, respondents to the NRC Program Manager Survey from NHLBI
noted that there were inequities between the larger and smaller ICs with regard
to paylines: “it seems unfair for smaller Institutes to have to forego paying out-
standing applications when the larger Institutes fund at much higher (i.e., lower
quality) scores.”?®

5.5.6.2 Openness

Some useful metrics for assessing the degree of openness relate to new com-
panies entering the program; others relate to the concentration of awards going
to certain companies within the program.

5.5.6.2.1 New Winners
Figure 5-2 shows the annual percentage of previous nonwinners at NIH (who

2YNHLBI composite responses to the NRC Program Manager Survey, April 2006.
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FIGURE 5-2 Percentage of all Phase I applications and awards at NIH from previous
non-winners at NIH, 2000-2005.

SOURCE: National Institutes of Health.

may however have received SBIR awards from other agencies) applying for and
winning Phase I awards from 2000-2005.

The data show that the Phase I share of previous nonwinners has remained
above 35 percent, although it has declined since 2000. The latter is possible due to
the increasing number of previous winners in the pool of potential applicants.

The fact that one-third of all applications and awards involve companies who
have not previously won an NIH SBIR grant strongly suggests that the program
is reasonably open. These levels are comparable to those at other agencies.

5.5.6.2.2 Award Concentration and Multiple-Award Winners
Another view of openness might consider the extent to which awards are
concentrated among the top award winners. Table 5-2 shows the distribution of

30See NRC Reports on the SBIR programs at DoD, NSF, DoE, and NASA: National Research
Council, An Assessment of the Small Business Innovation Research Program at the Department of
Defense, Charles W. Wessner, ed., Washington, DC: The National Academies Press, 2009; National
Research Council, An Assessment of the Small Business Innovation Research Program at the National
Science Foundation, Charles W. Wessner, ed., Washington, DC: The National Academies Press, 2008;
National Research Council, An Assessment of the Small Business Innovation Research Program at
the Department of Energy, Charles W. Wessner, ed., Washington, DC: The National Academies Press,
2008; National Research Council, An Assessment of the Small Business Innovation Research Program
at the National Aeronautics and Space Administration, Charles W. Wessner, ed., Washington, DC:
The National Academies Press, 2009.
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TABLE 5-2 Top 20 Companies—Phase II Awards at NIH, 1992-2005

Name of Organization Number of Phase II Awards
RADIATION MONITORING DEVICES, INC. 45
NEW ENGLAND RESEARCH INSTITUTES, INC. 38
OREGON CENTER FOR APPLIED SCIENCE, INC. 37
INFLEXXION, INC. 37
SURMODICS, INC. 28
INSIGHTFUL CORPORATION 22
LYNNTECH, INC. 21
CREARE, INC. 21
INOTEK PHARMACEUTICALS CORPORATION 17
BIOTEK, INC. 17
CLEVELAND MEDICAL DEVICES, INC. 16
ABIOMED, INC. 16
OSI PHARMACEUTICALS, INC. 15
PHYSICAL SCIENCES, INC. 15
GINER, INC. 15
PANORAMA RESEARCH, INC. 14
SOCIOMETRICS CORPORATION 14
WESTERN RESEARCH COMPANY, INC. 14
CANDELA CORPORATION 13
PERSONAL IMPROVEMENT COMPUTER SYSTEMS 13
Total 428
Percent of all Phase II awards 10.4

SOURCE: National Institutes of Health.

Phase II awards to the “top 20” winners at NIH—the 20 companies receiving the
most Phase II awards at NIH.

The data set above shows that Phase II awards at NIH are not highly con-
centrated. The most frequent recipient of Phase II awards received 45 over 14
years—ijust over three per year. In all, these top 20 winners account for 428
Phase II awards, 10.4 percent of the total awarded.

5.5.6.3 Efficiency

Efficiency can be defined in many ways. Box 5-2 includes several possible
external and internal efficiency goals towards which the NIH SBIR program
should strive.

5.5.6.3.1 Efficiency for Applicants
There are a number of positive components of the current system from the
perspective of applicants. These include:
e The possibility of resubmission;
* Broad topic design, which ensures that highly promising research applica-
tions are not arbitrarily excluded;
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External: Efficiency for the Applicant

Internal: Efficiency for the Agency

BOX 5-2
Possible Efficiency Indicators for SBIR Selection Process

Shorten time from application to award.
Reduce effort involved in application.

Reduce red tape involved in applying.

Output from application (not including award).
Re-use of applications.

Move the grant money quickly to right recipients.
Minimize use of staff resources.

Maximize agency staff buy-in.

Reduce appeals and bad feelings.

Widespread support for the notion of peer review; and
The existence of multiple annual application windows, which effectively
shorten the time from idea to funding.

At the same time, interviews with NIH staff and SBIR awardees indicate
considerable areas for possible improvement; these include:

Random outcomes. Many interviews and NIH staff asserted that that
there is a substantial element of randomness in the selection process.
While this clearly impacts fairness, it also impacts efficiency: Firms con-
tribute time and resources in the form of applications, without a belief that
these will generate a return commensurate with their quality.

Reliance on resubmissions. While the availability of resubmissions does
promote fairness, its extensive use within the NIH SBIR application pro-
cess is inefficient: It imposes significant additional costs and substantial
delays on applicants, the latter almost always amounting to at least 8
months between applications. From a small business’s perspective, this
delay could be disastrous. A second resubmission—which is not uncom-
mon—results in a further 8-month delay.

Application procedures at NIH are still largely nonelectronic. NIH
has now moved to all-electronic submission of applications. However, the
study section process remains based on in-person meetings and written
documentation, and there appears to be room for considerable improve-
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ment and experimentation, as noted by Dr. Scarpa, Director of CSR, in a
recent article in Science.’!

* Delays. The delays imposed by the current process, again as accepted by
Dr. Scarpa, are substantial and could clearly be reduced. Eighty percent
of NRC Phase II Survey respondents reported a gap between Phase I and
Phase II. The median length of the gap was 13 months, and 11 percent
of respondents reported a gap of 2 years or more. NIH is now beginning
to experiment with a number of pilot changes to the selection process,
focused on this issue.

5.5.6.3.2 Efficiency for NIH
Program efficiency can be measured in a number of ways, and—based on
interviews with staff and awardees—these provide a mixed picture for NIH:

* Moving the money. The process is 100 percent successful in moving
SBIR funds from NIH to awardees.

* Low overhead. Program costs appear to be low; NIH has simply imposed
additional work on existing staff as grant applications have increased.

* Return on Investment (ROI). NIH has only a limited knowledge of the
ROI from its SBIR investment, partly because efforts to minimize over-
head have led to insufficient investment in monitoring and evaluation.

 Staff buy-in. The SBIR process is not designed to encourage staff buy-in
(see staffing issues section). Nevertheless, some SBIR Program Adminis-
trators are enthusiastic and effective.

e Minimizing appeals. Resubmission effectively replaces appeals within
the NIH framework. Appeals are unusual.

Overall, it is fair to say that NIH has little idea whether the SBIR program is
efficient for the institution, or whether efficiency varies by IC. SBIR has gener-
ated more data on outcomes than other NIH research funding programs, but not
enough to make those kinds of determination. It is however true that some NIH
staff strongly believe that SBIR programs place a significant additional burden on
NIH administrators, compared to other programs, largely because the applicants
are working in an environment that they are not familiar with: “Grants manage-
ment specialists also report hugely disproportionate (vis-a-vis other principal
investigators, organizations, & research-grant mechanisms) demands from SBIR-
STTR potential & actual applicants (& applicant organizations) (vis-a-vis other
research-grant program applicants). The vast majority of problems, including
violations worthy of formal investigation, encountered by our grants manage-
ment specialists within NIA’s entire research portfolio, derive from SBIR-STTR
research grants & the small-business organizations. The grants management

31Dr. Toni Scarpa, “Research Funding: Peer Review at NIH,” op. cit.
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specialists have indicated that they spend anywhere from 40-60 percent more
time and effort working up and administrating SBIR-STTR grant projects. The
frequency and persistence of problems with SBIR-STTR projects are such that
within NIA’s GCMO (contracts office), there is a trenchant lack of enthusiasm
for the SBIR-STTR programs.”3?

5.5.7 Funding Cycles and Timelines: The NIH Gap-reduction Model

Many SBIR awardees rely heavily on SBIR funding to pay for their opera-
tions. Gaps in funding can be deadly to small businesses without other stable
sources of revenues.

NIH has recognized this issue, and several characteristics of the NIH SBIR
program fall within what the Summary Report describes as the “gap reduction
model” for managing funding cycles and timelines.?* This model is distinguished
by its emphasis on supporting applicants using a range of features designed to
reduce gaps in funding and decrease the time from initial conception to final
product deliverable. Elements in use at NIH include:

Multiple annual submission dates. NIH provides three annual submission
dates for awards, in April, August, and December. This is a substantial improve-
ment on the one annual date in effect at some other agencies because it potentially
reduces time lags related to these deadlines by 8 months. Dr. Scarpa has indicated
that CSR will experiment in 2007 with open submission—submissions through-
out the year with no set deadline.

Topic flexibility. Topics are discussed extensively above, but they have
important implications for the gap reduction model. Narrow, topic-bounded ap-
plication processes can harm small businesses because they have to wait for an
appropriate topic to show up in a solicitation before they can apply for an SBIR
grant. NIH is in this respect highly flexible, with its investigator-initiated research
approach, which in largely preclude “topics-based” delays. This should therefore
be seen as an important component of the overall gap-reduction model at NIH.

Phase I - Phase II gap funding. Two mechanisms have been developed at
NIH to bridge the funding gasp between the conclusion of Phase I and the start
Phase II funding: “work-at-risk” and the NIH Fast Track.

* “Work at risk.”” Companies that anticipate winning an NIH Phase II
award can work for up to three months at their own risk, and the cost of
that work will be covered if the Phase II award eventually comes through.
If it does not, the company must swallow the cost.

* Fast Track. Fast Track efforts are designed primarily to reduce the amount

$Michael-David Kerns, NIA, Response to the NRC Program Manager Survey, April 2006.

3Described in more detail in National Research Council, An Assessment of the Small Business
Innovation Research Program, Charles W. Wessner, ed., Washington, DC: The National Academies
Press, 2008.
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of time between the end of Phase I and the start of Phase II. At NIH (un-
like DoD3*), applicants must apply for Fast Track status during the Phase I
application, as it is in effect an application to do a joint Phase [-—Phase II
application. The advantage of Fast Track is that acceptance should—at
least in theory—mean that funding gap is dramatically reduced. (See
Section 5.6 for more details).

Phase II plus programs. Phase II plus programs are designed to help bridge
the gap between the end of Phase II and commercialization (sometimes known
as “Phase III7).

NIH has implemented a new initiative targeted at helping to fund companies
through the first stages of the clinical trials process, with funding for up to three
years, at up to $1 million per year.

5.5.8 NIH Selection Initiatives

NIH is well aware of complaints about cycle times, and about the burden
placed on companies and other grant applicants. As Dr. Toni Scarpa, Director of
CSR, notes, “Our system can be particularly frustrating for those who may need
to make only minor revisions, because results from our reviews typically come
too late for them to reapply for the next review round.”3

CSR is now working to reduce cycle time. In particular,

e As of October 2005, NIH now posts summary statements of most reviews
within 1 month after the study section meeting, instead of 2-3 months
after the meeting. This gives important guidance to applicants.

e In February 2006, NIH began a pilot study to cut 1¥2 months from the
review process. Forty CSR study sections will participate in this pilot,
which will speed the reviews of RO1 applications submitted by new in-
vestigators. Resubmission deadlines will be extended to allow these new
investigators to resubmit immediately if only minor revisions are neces-
sary. Specifically, CSR will: (i) schedule study section meetings up to a
month earlier; (ii) provide scientists their study section scores, critiques,
and panel discussion summaries within a week after the section meeting;
(iii) shave days from the internal steps involved in assigning applications
to study sections; and (iv) extend resubmission deadlines by 3 weeks.

Dr. Scarpa notes that “we are experimenting with new electronic technolo-
gies that permit reviewers to have discussions with greater convenience and to
spend less of their precious time in traveling. For example, asynchronous Inter-

34The DoD Fast Track program is completely different from the NIH Fast Track effort; the only
operational similarity is the name.
35Dr. Toni Scarpa, “Research Funding: Peer Review at NIH,” op. cit.
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TABLE 5-3 Fast Track Applications and Success Rates, 1997-2004

Fiscal Number of Number Fast Track Phase I Success
Year Applications of Awards Success Rate (%) Rate (%)

1997 41 13 31.7 26.6

1998 63 11 17.5 26.8

1999 129 45 34.9 26.5

2000 120 34 28.3 25.1

2001 129 38 29.5 28.6

2002 183 50 27.3 25.8

2003 273 61 22.3 15.1

2004 329 58 17.6 17.9

SOURCE: National Institutes of Health.

net-assisted discussions—secure chat rooms—allow reviewers to “meet” and to
comment independently of time as well as place.”3¢

5.6 FAST TRACK AT NIH

Fast Track at NIH is a completely different program than Fast Track at DoD.
At NIH, Fast Track offers the promise of accelerated flow of funds by eliminating
the reselection process at Phase II. Instead, companies with approved Fast Track
awards simply provide an approved final report for Phase I, and Phase II begins
automatically.

Fast Track has attracted to a growing number of companies in recent years
(as shown by Table 5-3). To be eligible for Fast Track, an applicant must submit
complete Phase I and Phase II applications at the same time, along with:

* Clear, measurable milestones for Phase I, used to judge whether Phase I
objectives have been met;

* A full Phase II Product Development Plan; and

* Evidence of commitment from a commercial partner.

In theory, Fast Track should reduce funding gaps and application time by up
to seven months, as the diagram in Figure 5-3 shows.

Milman notes however that in many cases, Fast Track is not an appropriate
route, particularly where the specific milestones are unclear. For example, he
contrasts a drug company with a drug candidate selected, now planning small
mammal trials in Phase I and primate trials in Phase II, with a drug company
whose candidate drug has not yet been identified and which will rely on Phase I

3bid.
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FIGURE 5-3 Fast track and normal timelines at NIH.
SOURCE: Gregory Milman, NAIAD.

results in designing its Phase II research plan. The latter case is, according to
Milman, better suited to the standard Phase I-Phase II progression.

Karen Peterson of NIAAA also notes that “Fast Track is not very useful in its
current incarnation.” She goes on to say that “Most reviewers are very reluctant to
give these applications good scores because of the time and money commitment
they feel they are making.”3’ This view is also reflected in comments from NIDA:
“For some reason, reviewers do not like fast track and all most always give them
worse scores than they would normally receive. We now recommend, even to the
best of companies, not to submit using a fast track because it definitely reduces
their chances of funding.”3

Other reasons for avoiding Fast Track include:

 Difficulties in attracting a commercial partner on appropriate terms, which
is likely if the product is early in the development cycle.

e The proposal work required, which Milman estimates at four times the
work of a standard Phase I.

* The existence of alternative paths across the funding gap which may be
less risky and resource-intensive.

* Reluctance, according to other NIH staff, among reviewers to accept Fast
Track applications. Study sections can recommend that fast Track appli-

37Response to NRC Program Manager Survey, April 2006.
BIbid.
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cations be approved for Phase I only, returning the application to standard
format.

These points and the data above suggest several observations:

Fast Track is rapidly growing in importance, expanding from 41 applica-
tions and 13 awards in 1997 to more than 300 applications and almost
60 awards in 2004, or from 1.4 percent to 5.7 percent of all applications
during that period.

Success rates for Fast Track are on average close to those for Phase I (26.1
percent for Fast Track, 24.0 percent for Phase I).

Fast Track appears to be working well enough that companies are apply-
ing in growing numbers.

Fast Track is still an uncommon choice for applicants—95 percent of
awardees use the standard progression. Milman’s analysis suggests that
relatively few additional companies will qualify for this approach in the
future.

Projects for which the experimental design is known and accepted are
good candidates for Fast Track.

NIH has undertaken no outcomes analysis to assess whether Fast Track
awards generate more positive outcomes than standard awards.

5.7 FUNDING: AWARD SIZE AND BEYOND

NIH’s SBIR program gives out awards that are different than those of other
agencies in three ways:

In some cases, NIH has made much larger awards than are given out by
other agencies (see Chapter 3).

NIH has begun to offer additional years of support including a second
year of Phase I support in some cases, compared to the 6-month limit
imposed by most other agencies.

NIH provides administrative supplements that boost Phase I awards when
additional resources are needed to complete the proposed research.

5.7.1 Larger Awards at NIH

Figure 5-4 shows that, starting in 1999, NIH began to provide an increas-
ing number of Phase I awards of more than $250,000. There have been similar
increases in the number of awards between $100,000 and $250,000. NIH has
also in a few, but increasing, number of cases provided Phase I funding of more
than $1 million.

An extensive discussion of larger awards can be found in Chapter 3. Here,
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FIGURE 5-4 Extra-large Phase I awards at NIH, 1992-2005.
SOURCE: National Institutes of Health.

we simply note that the trend toward larger awards has continued, and that awards
beyond the size of the SBA guidelines are rare except at NIH.

It is also worth noting that views among the Program Administrators re-
sponding to the NRC Program Manager Survey varied widely on this issue. Many
recommended increased funding and extended time for awards; others indicated
that they would prefer to see the limits more strictly enforced. However, this
appears to depend on the kind of research being pursued. For example, Melissa
Raccioppo of NIDA noted “Since our SBIR/STTR grants tend to involve a clini-
cal trial of some sort, the limits on budget seem too restrictive for our investiga-
tors’ purposes.”3® These comments applied to the new Competing Continuation
Awards as well; Program Administrators with few likely recipients of these
awards were concerned that they might take a disproportionate amount of SBIR
program funding.

Finally, one of the respondents to the NRC survey noted that “these larger
awards further point to a dire need for a solid outcomes tracking and evaluation
capability.”

5.7.2 Supplementary Funding

NIH officials have observed that the availability of supplementary awards
adds further flexibility in helping companies to handle the unexpected costs that
can easily arise in high-risk research.

In principle, program officers can add limited additional funds to an award

Fbid.
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in order to help a recipient pay for unexpected costs. While practices vary at in-
dividual ICs, it appears that up to 25 percent (or up to $50,000) of current annual
funding for an individual grant can be awarded by the program manager without
further IC or NIH review (budget permitting). More substantial supplements must
be more extensively reviewed, but are not unknown.

All supplemental requests require documentation. Full applications are re-
quired for competing supplements, and administrative supplements need at least
a budget page and a letter justification.

For Phase I, supplements remain relatively rare, averaging less than 20 an-
nually in recent years. They are also not especially large, and in no cases have
NIH Phase I supplements totaled more than $1 million for a given fiscal year,
Still, the data indicate that the size of Phase I supplementary awards are growing
at NIH (see Figure 5-5).

Supplementary awards are also available for Phase II, where they are more
significant. As shown in Figure 5-6, the number of Phase II supplement awards
has hovered around 30. Thus about 10 percent of all Phase II awards receive
supplementary funding.

5.7.3 Duration of Awards

Just as the size of awards has grown, NIH has extended the period of sup-
port as well. In FY2002 and FY2003, more than 5 percent of all Phase I awards
received a second year of support, with a median value of about $200,000.

Year one and year two awards cannot be easily aggregated into a single
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“Phase I award” at NIH owing to characteristics of the NIH awards database.
However, the rapidly growing number of year two awards—which in FY2003
were equal to 6.3 percent of all 2002 Phase I, year one awards—as well as the
jump in median size in 2000, suggests that this mechanism is of growing impor-
tance at NIH.

NIH staff and recipients alike agree that 6 months is too short to complete
Phase I work in many biomedical disciplines. NIH usually approves requests for
“no-cost” extensions to one year or even longer. No-cost extensions simply ex-
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tend the term of the award without providing additional funding. No other agency
offers such a liberal extension program.

For Phase II, NIH also offers extended funding beyond the standard 24
months of support. Figure 5-8 contains estimates of Phase II, year three support
calculated on the basis of NIH data (see Chapter 3 for detailed calculations).

The steadily rising numbers of Phase II, year three grants in recent years
suggest that third year support is becoming an important component of NIH
SBIR activity. In FY2002 and FY2003, more than 10 percent of awards received
a third year of support.

In a few cases, NIH goes further. Ten grantees have received a fifth overall
year of SBIR support, a few for even longer period.

5.7.4 Award Size: Conclusions

The data shown in Chapter 3 indicate that the size of awards at NIH is rising,
that additional administrative support is of increasing importance, and that the
duration of awards (and support) is expanding as well.

One important question might be why NIH is making these large awards. A
second question might concern the growing number of extended awards. Both are
discussed in Chapter 3, but conclusive answers are not available partly because
neither question has been directly addressed by NIH, at least in materials that
are publicly available.

One final point should, be noted, drawn from conversations with agency
staff and from responses to the NRC Program Manager Survey: NIH has repeat-
edly sought to convert Phase I STTR’s to Phase II SBIR’s and vice versa, as the
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circumstances related to the research change. SBA has denied these appeals, for
reasons that are not clear to NIH staff. Unless SBA can find convincing justifi-
cations for this position, it would appear that a change of policy here could be
warranted.

5.8 COMMERCIALIZATION SUPPORT

5.8.1 Background

Since its inception in 1982, the SBIR program has aimed to increase “com-
mercialization innovations derived from Federal research and development”
(Public Law 97-219). After reauthorization in 1992, agencies were required to
consider commercialization potential as part of its review process. The reauthori-
zation also included a provision for technical assistance services to help grantees
“develop and commercialize new commercial products and processes.” SBA then
issued a rule stating that assistance efforts focused on bringing products to market
could be supported by up to $4,000 per Phase I award and up to $4,000 per year
for each Phase II award. Subsequent interpretations of the rule by SBA supported
aggregation of these funds for an SBIR technical assistance program.

5.8.2 Overview

NIH has recognized that many SBIR Phase II winners struggled to survive
the period between the end of SBIR Phase II and market entry, and in June 2002,
the Office of Extramural Programs at NIH (OEP) began to provide commercial-
ization assistance to SBIR winners in June 2002.

This assistance is now rendered through the Technical Assistance Program
(TAP). Thus far, OEP has initiated three pilot assistance programs and two
follow-on, full-scale assistance program under the TAP:

e The Pilot NCI Commercialization Assistance Program (PCAP) supported
47 SBIR Phase II winners (related to NCI only) and concluded in March
2003.

e The Pilot Niche Assessment Program (PNAP) was made available to a
maximum of 100 SBIR Phase I winners on a first-come, first-serve basis.
The pilot program had finished assisting 45 projects as of February 16,
2005, and ended in August 2005.

e Pilot Manufacturing Assistance Program. In FY2007, NIH plans to
pilot an additional assistance program targeting the many manufacturing
issues small companies face when trying to commercialize their SBIR-
funded products. In partnership with the NIST Manufacturing Extension
Partnership (MEP) program, the pilot is aimed at providing transitional
support as Phase II awardees move to a manufacturing stage. The goal
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is to help companies make better decisions when developing their opera-
tional transition strategies (method of scale up, cost estimation, quality
control, prototyping, design for manufacturability, facility design, process
development/improvement, vendor identification and selection, plant lay-
out, etc.) NIH has engaged Dawnbreaker of Rochester, NY, to operate this
program. Twenty-five (25) NIH SBIR Phase II awardees are expected to
participate.

The Commercialization Assistance Program (CAP) was launched in July
2004 as the first full-scale, ongoing commercialization assistance pro-
gram. Two cohorts of 114 firms each have completed the program as of
January 2007.

5.8.3 The Commercialization Assistance Program (CAP)

The perceived success of PCAP prompted OEP to launch the Commercial-
ization Assistance Program (CAP) as its first full fledged, ongoing TAP “menu”
item. It is open to companies funded by all NIH ICs.

Larta Institute (Larta) of Los Angeles, CA,*’ was selected by a competitive
process to be the contractor for this program.*! The Larta contract began in July
2004, and will run for five years. During the first three years, three cohorts of
SBIR Phase II winners will receive assistance. Years four and five will cover
follow-up work, as each cohort is tracked for 18 months after completion of the
assistance effort.

CAP Program details. The assistance process for each group typically
includes:

Provision of consultant time for business planning and development.
Business presentation training.

Development of presentation materials.

Participation in a public investment event organized by Larta.
Eighteen months for follow-up and tracking.

Participants. Based on interviews with NIH staff and Larta, the typical CAP
participant is:

A small technology-oriented business;
Founded by an engineer or physician turned entrepreneur;
In operation for 5 to 10 years; and

“OLarta Web site, accessed at: <http://www.larta.org>.

#ILarta was founded by Rohit Shukla who remains as its Chief Executive Officer. It assists technol-
ogy oriented companies by bringing together management, technologies, and capital to accelerate the
transition of technologies to the marketplace.
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* Substantially reliant on government grants because of limited outside
funding.

These companies have typically not yet generated meaningful sales, but appear
to have significant commercial upside.

As of January 1, 2004, NIH had 634 active SBIR Phase II projects from 455
companies across 23 Institutes and Centers. All of these companies were invited
to participate in the CAP program*? and a total of 114 companies participated.
Approximately 75 chose to participate in a series of investment workshops of-
fered in Orange County, CA; San Francisco, CA; Washington, DC; Chicago, IL;
and Boston, MA, which allowed participants to present their respective business
opportunities to a group of investors, and to receive feedback on the effectiveness
of their presentations.

Participation by industry. The two largest industry sectors in CAP are
Medical Devices (37 or 29 percent of total participants) and Biotech (29 or 23

42NTH SBIR Technical Assistance Program, Office of Extramural Programs, Enrollment Criteria.
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percent of total participants). The Northeast region accounts for 35 percent of
total participants and the West 32 percent of total participants.*3

Areas of focused assistance. Three primary “Tracks,” areas of focused as-
sistance, were added by NIH after the pilot based on participant feedback. The
three tracks are:

e The Regulatory Track, for participants in need of a strategy for FDA
approval.

* The Licensing Track, for participants in need of documentation for estab-
lishing relationships with potential licensees.

e The Strategic Alliance Track, for participants in need of documentation
for establishing joint ventures, collaborative agreements, or other similar
partnerships.

Each Track is further adapted to the special needs of two industry sectors: Bio-
medical Devices (includes all medical devices and device-based products) and
Biotechnology (includes all drugs and biologic-based products). The distribution
of the current CAP participants by “Track” is represented in Figure 5-10.%

5.8.4 Niche Assessment Program (NAP) (for Phase I Winners)

Sometimes scientific researchers do not have the entrepreneurial skills to
assess other applications or niches for their SBIR-developed technology. As a
result, they may underestimate its true market value. This program assesses the
market opportunities and needs and concerns of the end-users and helps to dis-
cover new markets for possible entry.

The NAP aims to assist SBIR Phase I winners in identifying and evaluat-
ing various market opportunities for commercialization (e.g., licensing, sales,
partnering). This effort is operated by Foresight Science and Technology, Inc.
(Foresight) of New Bedford, MA.* It has three phases:

1. Foresight gathers relevant information on the technology from the partici-
pant and begins to identify potential commercial applications.

2. Foresight and the participant determine the technology application that
warrants detailed analysis. This application is analyzed by Foresight to
determine end-user needs, current and emerging competing technologies,
market dynamics, socioeconomic trends, market drivers, market size, the

“3NIH CAP Participants by State, March 1, 2005.

44Update, SBIR Technical Assistance Program, February 16, 2005.

“Foresight is a scientific consulting firm offering market research, technology assessment, and
valuation and licensing services to the medical, pharmaceutical and biotechnology industries. They
focus on helping move technology from the laboratory to the marketplace and assess approximately
300 new technologies annually.
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potential technology’s possible market share, potential technology’s cur-
rent competitive advantages, and strategies for improving the technology’s
competitiveness.

3. Foresight develops a market entry strategy including how to market the
technology to end-users and attract Phase III partners. The strategy also
projects revenues from the sale or licensing of the technology, possible
“launch” customers, testing centers, suppliers, manufacturers, and other
parties potentially interested in the technology (e.g., beta testers). Fore-
sight may also make introductions to potential partners.

Each step concludes with an electronic report plus follow-on discussions.

5.8.5 Outcomes and Metrics

5.8.5.1 Pilot NCI Commercialization Assistance Program

Evaluations were completed at 6, 12, and 18 months following culmination
of this pilot program, when 32 participants presented at an investor/partner Forum
in March 2003.
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Participants were not obligated to provide feedback. However, 13 (40 per-
cent) of the 32 companies reported that they had received additional private sector
investment and/or sales related to the technology opportunity they presented at the
Forum. Cumulative private sector funding and sales received within 18 months
following completion of this program totaled almost $38 million.*® Unsurpris-
ingly, these results were highly skewed: A majority of these funds were received
by five of the companies—Computer Science Innovations, Focus Surgery, High
Throughput Genomics, Phoenix Pharmacologics, and Vaccinex. Approximately
$18 million—or about 47 percent of the total—was generated through the sale
of one of these companies.*’

Of course, this minimal assessment does not provide or even suggest grounds
for a causal link between the program and these results.

5.8.5.2 Commercialization Assistance Program

Two cohorts (2004/2005 and 2005/2006) have completed the CAP training
program, and results have been very encouraging though not yet definitive. Evalu-
ation data are collected from the companies at the conclusion of the program, and
at 6, 12, and 18 months afterwards. These data indicate that firms going through
the CAPM program are attracting funding, as Table 5-4 illustrates.

NIH has also developed some intermediate metrics that indicate project im-
pact. However, as these metrics are not compared with other groups of companies
that have not gone through the CAP program, it is difficult to draw conclusions
from them.

Data collected six months after the CAP showed a strong increase in com-
mercialization, and in particular in the conclusion of commercialization agree-
ments, which increased for the 2004/2005 cohort by 87 percent (up from 23 at
the baseline to 43 6 months later).

These data are encouraging, and are bolstered by discussions with individual
participants that indicate that participants find this program to be of considerable
value. Development of a control group of some kind would add considerably to
the power of this analysis.

5.9 EVALUATION AND ASSESSMENT

Traditionally, NIH has not conducted outcomes assessment on its SBIR and
STTR programs, or indeed on other programs. More recently, the NIH SBIR/
STTR Program Office has initiated a number of activities aimed at infusing more
data into the operation of the program, Most notably, in 2003 NIH followed on
from its agreement to fund the NRC study with a separate NIH Survey of Phase II

4NIH Office of Extramural Programs.
4TOER would not disclose the exact details of these outcomes citing confidentiality restrictions.
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TABLE 5-4 Funding for CAPM Firms

Year

2004/2005 2005/2006

Number of companies in CAP 114 114
Number receiving investments 24 13
Percent of total 21.1 11.4
Total investment to date $22,414,078 $45,636,520

SOURCE: National Institutes of Health.

recipients. Using somewhat different methodologies from the NRC Phase II
Survey, with concomitantly different strengths and weaknesses, the NIH Survey
broke important ground, and provided results that have been used throughout
this analysis.

Discussions with agency staff and responses to the NRC Program Manager
Survey indicate widespread views that the program does not have the resources
needed to develop an evaluation and assessment program sufficient to manage
a program of this size and scope. Phil Daschner, from NCI, for example noted
that “More resources should be available to program staff that track and evaluate
objective benchmarks for past institutional and investigator productivity.” In its
institutional response to the NRC survey, NCI observed that “we still do not have
reliable tools to capture in an ongoing way success stories from our grantees. It
is a considerable undertaking to get evaluation funds and go through the OMB
process. Methods have been identified to capture outcomes, but funds are not
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FIGURE 5-11 Aggregate number of partnership- and deal-related activities by
category.

SOURCE: National Institutes of Health.
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available to support a sustainable effort to track SBIR/STTR outcomes. This is a
critical and long-term need.”*8

More specifically, as NIDA noted, “More time should be spent following up
on grants near their end and after they no longer received NIH funding. We know
little about Phase III and whether or not it actually occurs. Most time is spent
funding the grant and administering it, but little or no time is spent on follow-up
and evaluation.”*

Currently, the NIH SBIR/STTR Program Office must seek one-time fund-
ing for any significant assessment activity; this largely precludes longitudinal
approaches needed for effective use of evaluation and assessment.

“NRC Program Manager Survey, April 2006.
“lbid.
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Appendix A

NIH SBIR Program Data

NOTES:

“Year one” awards: NIH maintains data by fiscal year, and in a number of
cases changes award number between years. As a result, it is often hard to track
a complete award from first year to last. Our approach has therefore been to
focus on “award years,” identifying for example the first year of each award for
analysis. This focus provides a complete data set for all NIH awards, and also
allows analysis of awards in subsequent years of support.

Following discussions with the NRC staff, the NIH made an effort to re-
calculate the data for woman and minority owners’ participation in the SBIR
program. In September, 2007, the NIH provided corrected data, which is shown
in Appendix A and in several figures in this report. However, apparent anomalies
in the NIH data on the participation of women and minorities in 2001-2002 could
not be resolved by the time of publication of this report.
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APPENDIX A

BOX App-A-1

Institute and Center Codes for the National Institutes of Health

In data tables throughout this report, the following codes are used to reference
National Institutes of Health institutes and centers.

Code Institute Name and Acronym

AA National Institute on Alcohol Abuse and Alcoholism (NIAAA)

AG National Institute on Aging (NIA)

Al National Institute of Allergy and Infectious Diseases (NIAID)

AR National Institute of Arthritis and Musculoskeletal and Skin Diseases
(NIAMS)

AT National Center for Complementary and Alternative Medicine (NCCAM)

CA National Cancer Institute (NCI)

DA National Institute on Drug Abuse (NIDA)

DC National Institute on Deafness and Other Communication Disorders
(NIDCD)

DE National Institute of Dental & Craniofacial Research (NIDCR)

DK National Institute of Diabetes and Digestive and Kidney Diseases
(NIDDK)

EB National Institute of Biomedical Imaging and Bioengineering (NIBIB)

ES National Institute of Environmental Health Sciences (NIEHS)

EY National Eye Institute (NEI)

GM National Institute of General Medical Sciences (NIGMS)

HD National Institute of Child Health and Human Development (NICHD)

HG National Human Genome Research Institute (NHGRI)

HL National Heart, Lung and Blood Institute (NHLBI)

LM National Library of Medicine (NLM)

MD National Center on Minority Health and Health Disparities (NCMHD)

MH National Institute of Mental Health (NIMH)

NR National Institute of Nursing Research (NINR)

NS National Institute of Neurological Disorders and Stroke (NINDS)

RR National Center for Research Resources (NCRR)

T™W Fogarty International Center (FIC)
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TABLE App-A-1 Applications: Phase I and Phase II, 1992-2005

Phase I Phase II
All Total Success All Total Success

Fiscal Applications ~ Funded  Rate Fiscal Applications ~ Funded  Rate
Year #) #) (%) Year #) #) (%)
1992 1,982 541 27.3 1992 551 278 50.5
1993 2,297 594 25.9 1993 637 360 56.5
1994 3,225 530 16.4 1994 744 351 472
1995 3,453 624 18.1 1995 780 370 474
1996 3,051 525 17.2 1996 798 390 48.9
1997 2,789 743 26.6 1997 800 468 58.5
1998 2,689 717 26.7 1998 827 541 65.4
1999 3,430 908 26.5 1999 897 539 60.1
2000 3,907 986 252 2000 1,023 587 57.4
2001 3,203 940 29.3 2001 1,074 683 63.6
2002 3,735 1,001 26.8 2002 1,248 797 63.9
2003 4,812 1,137 23.6 2003 1,299 788 60.7
2004 5,856 1,150 19.6 2004 1,410 792 56.2
2005 5,071 937 18.5 2005 1,451 774 533

SOURCE: National Institutes of Health.
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178 APPENDIX A

TABLE App-A-4 Woman- and Minority-owned Firms—Application Shares,
1992-2006 (percent of all applications)

‘Woman-owned Firms Minority-owned Firms
Fiscal Phase 1 Phase II All Fiscal Phase I Phase II All
Year (%) (%) (%) Year (%) (%) (%)
1992 12.2 13.0 12.3 1992 10.3 5.6 9.5
1993 8.0 9.0 8.2 1993 6.9 5.7 6.7
1994 9.3 7.3 9.0 1994 9.6 7.9 9.4
1995 12.6 7.1 11.8 1995 9.1 8.1 9.0
1996 11.8 9.9 115 1996 10.0 5.4 9.3
1997 10.2 9.8 10.1 1997 8.0 55 7.6
1998 8.3 8.4 8.3 1998 5.5 5.6 5.5
1999 10.8 12.8 11.1 1999 7.8 55 7.3
2000 9.8 139 10.5 2000 5.4 5.7 55
2001 4.5 4.7 4.6 2001 2.9 3.1 2.9
2002 2.6 3.0 2.7 2002 1.2 1.5 1.3
2003 11.1 10.8 11.0 2003 7.0 4.1 6.4
2004 11.4 11.7 11.5 2004 7.3 5.1 6.9
2005 10.6 11.9 10.9 2005 53 4.8 52
2006 12.9 12.8 12.9 2006 6.7 4.0 6.1

SOURCE: National Institutes of Health.

TABLE App-A-5 Woman- and Minority-owned Firms—Award Shares, 1992-
2006 (percent of all awards)

‘Woman-owned Firms Award Minority-owned Firms Award

Fiscal Share (%) Fiscal Share (%)

Year Phase | Phase 11 Total Year Phase | Phase I1 Total
1992 10.0 7.2 9.4 1992 7.4 5.0 6.9
1993 5.8 7.0 6.1 1993 5.2 5.6 5.3
1994 6.8 7.5 7.0 1994 8.2 10.4 8.6
1995 8.4 8.0 8.3 1995 5.5 6.1 5.7
1996 6.9 9.3 7.5 1996 4.8 5.2 49
1997 8.1 9.2 8.4 1997 5.1 4.4 49
1998 7.1 9.8 7.8 1998 3.9 6.4 4.5
1999 9.0 12.7 10.1 1999 6.3 4.0 5.6
2000 7.9 14.3 9.4 2000 2.9 6.4 3.7
2001 4.3 3.9 4.1 2001 2.1 3.7 2.6
2002 1.5 0.8 1.3 2002 0.3 0.8 0.5
2003 9.6 10.8 9.9 2003 3.8 2.8 3.5
2004 10.4 10.6 10.4 2004 4.0 34 3.9
2005 8.0 10.0 8.6 2005 4.0 2.9 3.7
2006 12.5 13.9 13.0 2006 5.6 3.3 4.7

SOURCE: National Institutes of Health.
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TABLE App-A-11 Phase I, Year One Awards at NIH, 1992-2005

Fiscal Year Number of Awards Total Amount ($) Average Amount ($)
1992 541 26,616,441 49,199
1993 594 29,560,122 49,765
1994 530 39,249,711 74,056
1995 624 59,005,464 94,560
1996 525 50,936,972 97,023
1997 743 72,528,667 97,616
1998 717 70,077,801 97,738
1999 908 96,125,835 105,865
2000 986 117,779,337 119,452
2001 940 120,072,266 127,736
2002 1,001 137,504,731 137,367
2003 1,137 168,520,060 148,215
2004 1,150 187,091,805 162,689
2005 937 160,982,684 171,806

SOURCE: National Institutes of Health.

120,000

100,000

80,000

60,000 -

40,000 -

1992 1993 1994 199% 1996 1997 1998 1999 2000 2001 2002 2003

FIGURE App-A-1 Phase I median award size, 1992-2003.
SOURCE: National Institutes of Health, NRC calculation.
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TABLE App-A-12 Oversized SBIR Phase I Awards, 1992-2005

Fiscal $0-$100K $>100K- $>120K- $>150K- $>175K- >$200K
Year (%) $120K (%) $150K (%) $175K (%) $200K (%) (%)
1992 100.0 0.0 0.0 0.0 0.0 0.0
1993 100.0 0.0 0.0 0.0 0.0 0.0
1994 100.0 0.0 0.0 0.0 0.0 0.0
1995 99.7 0.3 0.0 0.0 0.0 0.0
1996 99.4 0.6 0.0 0.0 0.0 0.0
1997 99.7 0.1 0.1 0.0 0.0 0.0
1998 95.4 35 1.2 0.0 0.0 0.0
1999 70.8 16.6 7.0 2.5 0.1 29
2000 62.1 16.4 11.1 2.0 2.2 6.3
2001 53.8 13.9 13.5 5.1 5.1 8.6
2002 51.8 135 12.2 5.8 6.6 10.1
2003 48.0 13.9 12.7 4.1 4.6 16.7
2004 43.4 10.9 14.2 6.0 6.4 19.1
2005 40.5 10.5 15.6 7.6 7.8 18.0

SOURCE: National Institutes of Health.
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TABLE App-A-13 Phase I Awards by States—Per 1,000 Life and Physical

Scientists
NIH Phase I Awards per
Life & Physical NIH Phase I 1,000 Life & Physical
Scientists, 2003 Awards, 2003 Scientists, 2003
New Hampshire 1,480 14.0 9.5
Vermont 850 6.0 7.1
Massachusetts 20,380 140.0 6.9
Maryland 17,910 90.0 5.0
Oregon 5,870 23.0 3.9
Connecticut 5,670 22.0 3.9
California 64,390 248.0 39
Virginia 13,030 40.0 3.1
Ohio 15,100 45.0 3.0
Towa 3,130 9.0 2.9
Colorado 11,710 33.0 2.8
Indiana 4,070 11.0 2.7
Rhode Island 1,580 4.0 2.5
Michigan 9,390 23.0 24
Arizona 5,580 13.0 2.3
Nevada 2,510 5.0 2.0
‘Wyoming 1,510 3 2.0
Delaware 2,020 4.0 2.0
Minnesota 11,200 22.0 2.0
Washington 16,940 33.0 19
New Mexico 3,200 6.0 1.9
Wisconsin 11,220 21.0 1.9
New Jersey 17,530 32.0 1.8
Utah 5,060 9.0 1.8
South Carolina 4,610 8.0 1.7
Maine 1,830 3.0 1.6
Pennsylvania 25,080 41.0 1.6
District of Columbia 5,210 8.0 1.5
Oklahoma 3,350 5.0 1.5
North Dakota 1,420 2.0 1.4
New York 30,330 41.0 1.4
North Carolina 17,770 24.0 1.4
Missouri 9,240 12.0 1.3
Kansas 3,910 5.0 1.3
Florida 19,440 24.0 1.2
Alabama 5,170 6.0 1.2
Texas 42,440 49.0 1.2
Illinois 18,300 21.0 1.1
Arkansas 2,700 3.0 1.1
Louisiana 5,540 5.0 0.9
Nebraska 3,920 3.0 0.8
Kentucky 2,660 2.0 0.8
Alaska 2,800 2.0 0.7
South Dakota 1,420 1.0 0.7
continued
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TABLE App-A-13 Continued

NIH Phase I Awards per

Life & Physical NIH Phase I 1,000 Life & Physical
Scientists, 2003 Awards, 2003 Scientists, 2003

Georgia 11,410 8.0 0.7

Tennessee 7,130 4.0 0.6

Hawaii 1,790 1.0 0.6

Montana 2,790 1.0 0.4

Idaho 3,100 1.0 0.3

Mississippi 3,650 1.0 0.3

West Virginia 2,510 0.0 0.0

Average 32

SOURCE: National Institutes of Health; National Science Board, Science and Engineering Indicators
2005, Arlington, VA: National Science Foundation, 2005.

TABLE App-A-14 Top 20 Zip Codes, 1992-2003

Zip Code State Total Number of Grants
92121 CA 311
02139 MA 143
94043 CA 114
02472 MA 99
01801 MA 92
01915 MA 73
20850 MD 73
20877 MD 64
97403 OR 60
84108 uT 57
02138 MA 57
53711 WI 52
98104 WA 50
92037 CA 47
77840 TX 46
94545 CA 45
98109 WA 44
92008 CA 44
27713 NC 41
02464 MA 40
02142 MA 39
1,591

SOURCE: National Institutes of Health.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

APPENDIX A 191
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FIGURE App-A-2 Phase I awards by zip in Massacussetts.
Distribution of Phase I awards in Massachusetts 1992-2002 by zip code
SOURCE: National Institutes of Health.
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TABLE App-A-18 Phase I Awards—By Company, 1992-2003
Top 20 Phase I winners 1992-2003

Organization Number of Awards
PANORAMA RESEARCH, INC. 69
INOTEK PHARMACEUTICALS CORPORATION 63
RADIATION MONITORING DEVICES, INC. 56
LYNNTECH, INC. 51
INFLEXXION, INC. 44
OREGON CENTER FOR APPLIED SCIENCE 44
NEW ENGLAND RESEARCH INSTITUTES, INC. 42
CREARE, INC. 40
INSIGHTFUL CORPORATION 40
HAWAII BIOTECH, INC. 38
PHYSICAL OPTICS CORPORATION 33
BIOMEC, INC. 30
SURMODICS, INC. 30
BIOTEK, INC. 29
SPIRE CORPORATION 28
ONE CELL SYSTEMS, INC. 27
COMPACT MEMBRANE SYSTEMS, INC. 26
OSI PHARMACEUTICALS, INC. 26
PERSONAL IMPROVEMENT COMPUTER SYSTEMS 25
PHYSICAL SCIENCES, INC. 25
Total 766

SOURCE: National Institutes of Health.

TABLE App-A-19 Phase [—Supplementary Awards, 1992-2003
Fiscal Year 1993 1994 1995 1998 1999 2000 2001 2002 2003

Count 2 3 2 10 23 21 20 12 10

Average 16,238 9,328 17,987 43,013 35,894 36,210 45311 57,363 78,782
$

Maximum 25,000 15,000 26,331 98,000 98,000 105,853 173,059 287,606 151,607
$)

Minimum 7,475 5998 9,643 3,400 400 9,813 15,000 12,600 4,029

%)
Sum ($) 32,475 27,984 35974 430,129 825,553 760,416 906,214 688,356 787,821

SOURCE: National Institutes of Health.
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TABLE App-A-21 Phase II—Year One Awards, 1992-2005

199

Fiscal Year Number of Awards Total Dollars Average Award Size ($)
1992 278 64,634,293 232,497
1993 360 82,904,116 230,289
1994 351 82,130,205 233,989
1995 370 106,153,197 286,901
1996 390 124,699,140 319,741
1997 468 163,756,939 349,908
1998 541 182,404,280 337,161
1999 539 199,696,146 370,494
2000 587 223,656,320 381,016
2001 683 274,218,417 401,491
2002 797 330,503,121 414,684
2003 788 343,893,012 436,412
2004 792 362,710,289 457,968
2005 774 396,764,618 512,616

SOURCE: National Institutes of Health.

TABLE App-A-22 Phase II—Requests for Applications (RFAs), 1992-2005

Total Number

Total Amount

of SBIR of SBIR Dollars RFA—

Awards (Parent Awarded (Parent Number Amount of RFA—  Percent

Solicitation Solicitation of RFA RFA SBIR Percent of All
Fiscal and Special and Special SBIR Dollars of All Award
Year PHASE PA/RFAs) PA/RFAs) Awards  Awarded Awards  Dollars
1992  PhaseIl 139 34,653,136 0 0 0.0 0.0
1993 PhaseIl 215 52,537,980 0 0 0.0 0.0
1994  PhaseIl 134 36,697,824 0 0 0.0 0.0
1995  Phase Il 212 73,059,839 0 0 0.0 0.0
1996  PhaseIl 172 60,806,200 0 0 0.0 0.0
1997  PhaseIl 279 104,817,711 0 0 0.0 0.0
1998  Phase Il 224 85,283,655 0 0 0.0 0.0
1999  PhaseIl 278 114,811,423 1 507,041 04 04
2000  PhaseIl 231 102,407,911 0 0 0.0 0.0
2001  Phase Il 343 148,866,724 0 0 0.0 0.0
2002  PhaseIl 336 154,925,573 0 0 0.0 0.0
2003  Phase Il 327 156,101,955 0 0 0.0 0.0
2004  Phase I 298 153,544,979 5 2,594,326 1.7 1.7
2005 PhaseIl 312 163,695,822 5 2,659,999 1.6 1.6

SOURCE: National Institutes of Health.
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TABLE App-A-24 Phase II Extra-large Awards, 1992-2005
NIH Phase IT SBIR Awards Over 375K

Total

Fiscal Number

Year PHASE Funded Year Two Year Three Year Four Year Five
1992 Phase II 139 1 0.7% 0 0.0% 0 0.0% 0 0.0%
1993 Phase 1T 215 5 2.3% 0 0.0% 0 0.0% 0 0.0%
1994 Phase 11 134 7 5.2% 1 0.7% 0 0.0% 0 0.0%
1995 Phase II 212 70 33.0% 0 0.0% 0 0.0% 0 0.0%
1996 Phase 1T 172 68 39.5% 0 0.0% 0 0.0% 0 0.0%
1997 Phase 11 279 131 47.0% 1 0.4% 0 0.0% 0 0.0%
1998 Phase II 224 106  47.3% 0 0.0% 0 0.0% 0 0.0%
1999 Phase 1T 278 169 60.8% 2 0.7% 0 0.0% 0 0.0%
2000 Phase 11 231 155 67.1% 1 0.4% 0 0.0% 0 0.0%
2001 Phase II 343 240  70.0% 1 0.3% 0 0.0% 0 0.0%
2002 Phase 1T 336 238 70.8% 2 0.6% 0 0.0% 0 0.0%
2003 Phase 11 327 224 68.5% 8 2.4% 0 0.0% 1 0.3%
2004 Phase 1T 298 194 65.1% 15 5.0% 2 0.7% 1 0.3%
2005 Phase 1T 312 205 65.7% 15 4.8% 14 4.5% 2 0.6%

NIH Phase II SBIR Awards Over 500K
Total

Fiscal Number

Year PHASE Funded Year Two Year Three Year Four Year Five
1992 Phase 11 139 0 0.0% 0 0.0% 0 0.0% 0 0.0%
1993 Phase II 215 0 0.0% 0 0.0% 0 0.0% 0 0.0%
1994 Phase 1T 134 1 0.7% 1 0.7% 0 0.0% 0 0.0%
1995 Phase 11 212 6 2.8% 0 0.0% 0 0.0% 0 0.0%
1996 Phase II 172 5 2.9% 0 0.0% 0 0.0% 0 0.0%
1997 Phase 1T 279 13 4.7% 0 0.0% 0 0.0% 0 0.0%
1998 Phase 11 224 7 3.1% 0 0.0% 0 0.0% 0 0.0%
1999 Phase II 278 34 12.2% 0 0.0% 0 0.0% 0 0.0%
2000 Phase 1T 231 52 22.5% 1 0.4% 0 0.0% 0 0.0%
2001 Phase 11 343 72 21.0% 1 0.3% 0 0.0% 0 0.0%
2002 Phase I1 336 80 23.8% 1 0.3% 0 0.0% 0 0.0%
2003 Phase 1T 327 83 25.4% 4 1.2% 0 0.0% 1 0.3%
2004 Phase 11 298 91 30.5% 11 3.7% 2 0.7% 1 0.3%
2005 Phase II 312 90 28.8% 11 3.5% 13 4.2% 1 0.3%

continued
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TABLE App-A-24 Continued
NIH Phase IT SBIR Awards Over 750K

Total

Fiscal Number

Year PHASE Funded Year Two Year Three Year Four Year Five
1992 Phase 11 139 0 0.0% 0 0.0% 0 0.0% 0 0.0%
1993 Phase II 215 0 0.0% 0 0.0% 0 0.0% 0 0.0%
1994 Phase II 134 0 0.0% 0 0.0% 0 0.0% 0 0.0%
1995 Phase 11 212 0 0.0% 0 0.0% 0 0.0% 0 0.0%
1996 Phase II 172 0 0.0% 0 0.0% 0 0.0% 0 0.0%
1997 Phase II 279 0 0.0% 0 0.0% 0 0.0% 0 0.0%
1998 Phase 11 224 0 0.0% 0 0.0% 0 0.0% 0 0.0%
1999 Phase II 278 8 2.9% 0 0.0% 0 0.0% 0 0.0%
2000 Phase II 231 8 3.5% 0 0.0% 0 0.0% 0 0.0%
2001 Phase II 343 9 2.6% 1 0.3% 0 0.0% 0 0.0%
2002 Phase II 336 23 6.8% 0 0.0% 0 0.0% 0 0.0%
2003 Phase II 327 18 5.5% 4 1.2% 0 0.0% 1 0.3%
2004 Phase II 298 24 8.1% 6 2.0% 1 0.3% 1 0.3%
2005 Phase II 312 27 8.7% 8 2.6% 11 3.5% 1 0.3%

SOURCE: National Institutes of Health.
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TABLE App-A-26 Phase II, Year One Grants, 1992-2003

All Phase II, year one grants

Fiscal Year 1992 1993 1994 1995 1996 1997
Number of Grants 137 215 131 210 173 280
Average ($) 249,361 244,363 269,611 345,070 349,374 375,304

Amended Phase II, year one grants

Fiscal Year 1992 1993 1994 1995 1996 1997

Number of Grants 29 55 22 48 51 89
Percent of all 21.2 25.6 16.8 22.9 29.5 31.8
Average ($) 238,893 247,948 255,816 354,890 336,933 358,916
Percent all av. 95.8 101.5 94.9 102.8 96.4 95.6
Maximum ($) 286,292 500,000 326,203 647,634 495,215 611,874
Minimum ($) 129,427 112,898 2,000 93,848 3,646 7,666
Sum ($) 6,927,902 13,637,125 5,627,959 17,034,712 17,183,579 31,943,518

SOURCE: National Institutes of Health.
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1998 1999 2000 2001 2002 2003
237 289 267 381 358 349
379,972 410,335 448,377 437,573 461,216 495,834
1998 1999 2000 2001 2002 2003
45 60 62 100 88 82
19.0 20.8 232 26.2 24.6 23.5
377,707 385,556 391,078 402,757 462,258 461,427
99.4 94.0 87.2 92.0 100.2 93.1
514,581 864,785 591,768 822,158 1,152,230 1,230,000
48,387 12,869 9,782 31,418 23,719 204,950
16,996,826 23,133,378 24,246,844 40,275,684 40,678,701 37,837,035
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TABLE App-A-29 Conversion Fates of Top 20 Phase II Winners, 1992-2003

Number Number
of Phase I of Phase I Conversion
Organization Awards Awards Rate (%)
NEW ENGLAND RESEARCH INSTITUTES, INC. 34 42 81.0
INFLEXXION, INC. 32 44 72.7
RADIATION MONITORING DEVICES, INC. 30 56 53.6
OREGON CENTER FOR APPLIED SCIENCE 27 44 61.4
INSIGHTFUL CORPORATION 22 40 55.0
LYNNTECH, INC. 17 51 33.3
PANORAMA RESEARCH, INC. 15 69 21.7
INOTEK PHARMACEUTICALS CORPORATION 14 63 22.2
SOCIOMETRICS CORPORATION 13 16 81.3
ABIOMED, INC. 13 13 100.0
PERSONAL IMPROVEMENT COMPUTER SYSTEMS 13 25 52.0
CREARE, INC. 13 40 32.5
CLEVELAND MEDICAL DEVICES, INC. 13 23 56.5
INDIVIDUAL MONITORING SYS, INC. (IM SYS) 12 14 85.7
BIOTEK, INC. 12 29 414
SURMODICS, INC. 11 30 36.7
ADVANCED MEDICAL ELECTRONICS 11 18 61.1
CORPORATION

ELECTRICAL GEODESICS, INC. 11 19 57.9
WESTERN RESEARCH COMPANY, INC. 11 20 55.0
PHYSICAL SCIENCES, INC. 11 25 44.0
Total (top 20 award winners) 335 681 49.2
All Awards 3,027

Top 20 as percent of all Phase II awards 11.1

SOURCE: National Institutes of Health.
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TABLE App-A-31 NIH—Target Groups

In
Size of Affected Commercialization In Use Total
Populations Number Percent Number Percent Number Percent
MISSING 1 0.5 0 0.0 1 0.3
Under 10,000 persons 30 16.3 42 26.6 72 21.1
10,000-49,999 23 12.5 21 13.3 44 12.9
50,000-199,999 9 4.9 17 10.8 26 7.6
200,000-499,999 13 7.1 14 8.9 27 7.9
500,000 or more 76 41.3 44 27.8 120 35.1
Not sure 32 17.4 20 12.7 52 15.2
184 100.0 158 100.0 342 100.0

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.

TABLE App-A-32 High-impact Projects—By Target Sector

Number of All Percent
High-impact Respondents of High- Percent
Population Respondents (#) impact of All
Outpatients 4 28 9.1 11.2
Inpatients 1 22 2.3 8.8
Hospital personnel 4 10 9.1 4.0
Research labs 2 67 4.5 26.9
Diagnostic labs 4 15 9.1 6.0
Medical practitioners 7 24 15.9 9.6
Homecare providers 1 1 2.3 0.4
Other 2 3 4.5 1.2
Other health services 4 12 9.1 4.8
General public 8 26 18.2 10.4
Educators 2 7 4.5 2.8
Worksites 0 1 0.0 0.4
Schools, universities 1 11 2.3 4.4
Other companies, other technologies 2 7 4.5 2.8
Health researchers 1 5 2.3 2.0
MISSING 1 10 23 4.0
Total 44 249 100.0 100.0

NOTE: High-impact respondents are those with products in use, who expect to affect more than
500,000 people.

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.
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TABLE App-A-33 NIH—Field of Business

Q2. Field of Business Q2. Text:
Number of Which of the following
Companies Percent best describes this
Biotechnology 175 2.8 g??fi‘;i;;”ajor field
Chemical technology 12 1.6 B
Computer hardware, software 88 11.5
Diagnostics 43 5.6
Engineering, fabrication 13 1.7
Environment, ergonomics 20 2.6
Health care 21 2.7
Information & research 85 11.1
Instrumentation 17 22
Medical devices 145 18.9
Medical education, health promotion 65 8.5
Other 25 33
Pharmaceuticals 58 7.6
Total companies responding 767 100

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.
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TABLE App-A-35 NIH—Related Phase I Awards

QS. Other related SBIR awards

Number of
Responses  Percent

Yes 399 52.0
No 325 42.3
Other 44 5.7

768 100.0

Q6. How many related Phase I awards?

Number Number of
of Awards Companies Percent

0 2 0.5
1 156 39.1
2 106 26.6
3 68 17.0
4 19 4.8
5 20 5.0
6 13 33
7 3 0.8
8 1 0.3
9 1 0.3
10 2 0.5
11 2 0.5
12 2 0.5
14 1 0.3
17 1 0.3
20 1 0.3
24 1 0.3
Total 399 100.0

Q5. Text:

Has the company won any other SBIR
Phase I or Phase II awards, in addition
to the referenced award, for products,
processes, or services that are related to
this project?

Q6. Text:

How many SBIR Phase I awards, that

involve products, processes, or services
related to the project supported by the

SBIR award referenced earlier, has the

company won?

Copyright © National Academy of Sciences. All rights reserved.
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TABLE App-A-35 Continued

Q7. How Many Related Phase II Awards? Q7. Text:

NIH Survey NRC Survey How many other SBIR Phase II
awards, that involve products,
processes, or services related to the
project supported by the SBIR award

Number Number of Number of
of Awards Companies Percent Companies Percent

0 512 66.7 334 67.3 referenced earlier, has the company
1 152 19.8 92 18.5 won?
2 65 8.5 30 6.0
3 19 2.5 11 22
4 8 1.0 8 1.6
5 4 0.5 12 2.4
6 2 0.3 0 0.0
7 1 0.1 1 0.2
8 1 0.1 0 0.0

10 3 0.4 2 0.4

12 1 0.1 0 0.0

11 1 0.2

18 5 1.0

Total 256 162

(excluding

0 awards)

Total 768 496

Related Phase I Related Phase II
Awards Awards

Number Number of Number of

of Awards Companies Percent Companies Percent
0 2 0.5 143 35.8
1 156 39.1 152 38.1
2 106 26.6 65 16.3
3 68 17.0 19 4.8
4 19 4.8 8 2.0
5 20 5.0 4 1.0
6 13 33 2 0.5
7 3 0.8 1 0.3
8 1 0.3 1 0.3
9 1 0.3

10 2 0.5 3 0.8

11 2 0.5

12 2 0.5 1 0.3

14 1 0.3

17 1 0.3

20 1 0.3

24 1 0.3

Total 399 100.0 399 100.0

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.
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TABLE App-A-36 Impact of SBIR Award on Company Growth

Percent of company growth attributed to SBIR

Number of Responses Percent
Less than 25% 132 29.5
25% to 50% 100 224
51% to 75% 78 17.4
More than 75% 137 30.6
Total 447 100.0

SOURCE: NRC Firm Survey.

TABLE App-A-37 Company Formation

Company was formed Number of founders
wholly or in part because ~ Number of with academic Number of
of the SBIR award Responses ~ Percent  background Responses  Percent
No 342 74.8 0 86
Yes 49 10.7 1 214
Yes, in part 66 14.4 2 106
457 100.0 3 33
4 11
5 3
7 2
369
None 86 18.9
At least one 369 81.1
All 455 100.0

SOURCE: NRC Firm Survey.
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TABLE App-A-38 Project Impacts

Q3YN. Project go without award? Q3YN. Text:
Number of If the SBIR program
Responses  Percent were not available,
1d th ject
Project go without award 114 14.9 would L projec

funded by the

Project no go without award 489 63.8 .

K referenced award still
Not Applicable 164 21.4 have been pursued?
Total 767 100.0 P :

NIH—Project impacts

. How important was the unding to the project? . Text:
Q8. How imp t he SBIR funding to the project? Q8. Text
Number of How important
Responses  Percent overall has SBIR
. support been, or
;:E;};;?E?rtant 6;’2 ?(7)3 how important will
’ it be, i h and
Somewhat important 13 1.7 1t be, n researc a'n
Not important | 01 development of this
Not very important 0 0.0 E;;)vitz‘; process, ot
Total 764 100.0 )
NIH—Project impacts
QY. Specific impacts Q9. Text:
Not Did the granting of
Missing Yes No Applicable one or more SBIR

awards for this

Pursuing high-risk ideas 9 667 42 50 product, process
Hiring additional personnel 13 616 107 32 or servi;e have a’n
Raising additional capital 23 341 305 99 impact on any of the
Credibility or visibility for 18 541 128 81

. following activities?
finding partners i

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.
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TABLE App-A-39 FDA Approval

Q11. FDA review required? Q11. Text:

Number of Was or is FDA approval required for the product,

Responses ~ Percent process, or service selected above?
Yes 324 422
No 444 57.8

768 100.0
Q12. Submitted to FDA? Q12. Text:

Number of Has this product, process, or service been submitted

Responses  Percent for FDA review?
Yes 90 27.8
No 234 72.2

324 100.0
Q13. Stage of Review Q13. Text:

Number of In what stage of the FDA approval process is this

Responses ~ Percent product, process, or service?
Applied for approval 8 8.9
Review ongoing 13 144
Approved 48 53.3
Not approved 2 22
IND; Clinical trials 11 12.2
Other 7 7.8
MISSING 1 1.1
Total 90 100.0

FDA All
Approval Respondents

Business Type Required (#) #) Percent
Pharmaceuticals 47 58 81.0
Medical devices 102 145 70.3
Biotechnology 87 175 49.7
Diagnostics 21 43 48.8
All Respondents 323 767 42.1
Other 5 12 41.7
Instrumentation 31 88 352
Chemical technology 6 20 30.0
Health care 5 21 23.8
Computer hardware, software 14 85 16.5
Engineering, fabrication 2 17 11.8
Environment, ergonomics 1 13 7.7
Information & research 1 25 4.0
Medical education, health promotion 1 65 1.5

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.
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TABLE App-A-40 Project Focus
Q15B. Project focus: Q15B. Text:

Number of Select the single category that
Responses  Percent is the most important medical,
societal, or technological

Preventing disease or disability 84 10.9 outcome.
Detecting disease or disability 82 10.7
Diagnosing disease or disability 66 8.6
Treating disease or disability 236 30.7
Reducing the cost of medical care 34 4.4
Developing information for healthcare 41 5.3
professionals
Developing health information for the 28 3.6
general public
Fostering new research collaborations 3 0.4
Improving research tools 146 19.0
Other 7 0.9
Training research investigators 1 0.1
Improving quality of technology, 7 0.9
products
Improving quality of life for general 16 2.1
public
Missing data 17 22
Total 768 100.0
Q16B. Population focus Q16B. Text:
Number of Select the single population that
Responses  Percent is the most important population.
Outpatients 121 15.8
Inpatients 73 9.5
Hospital personnel 32 4.2
Research labs 150 19.5
Diagnostic labs 47 6.1
Medical practitioners 92 12.0
Homecare providers 4 0.5
Emergency medical services 4 0.5
Military medical services 0.0
Other 5 0.7
Other health services 23 3.0
General public 104 135
Educators 13 1.7
Worksites 3 0.4
Schools, universities 29 3.8
Police, fire, other municipal workers 4 0.5
Other companies, other technologies 37 4.8
Health researchers 7 0.9
MISSING 20 2.6
Total 768 100.0

continued
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TABLE App-A-40 Continued

APPENDIX A

Q17. Projected size of benefiting populations

Number of

Responses  Percent
Under 10,000 persons 142 18.5
10,000-49,999 81 10.5
50,000-199,999 74 9.6
200,000-499,999 59 7.7
500,000 or more 242 31.5
Not sure 164 21.4
MISSING 6 0.8

768 100.0

Q17. Text:

Within the next few years, what
is the anticipated size of the

total target populations that
would benefit from or use the
product, process, or service being
developed under this project?

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final

Report, July 2003.

TABLE App-A-41 Sales by Source of Data

NIH DoD NRC
Number of Number of Number of
Responses Percent Responses Percent Responses Percent
>$0 and <$1M 140 68.3 179 86.1 147 72.8
$1IM-<$5M 42 20.5 22 10.6 39 19.3
$5M-<$50M 22 10.7 6 29 15 7.4
$50M + 1 0.5 1 0.5 1 0.5
Sales >$0 205 30.3 208 31.6 202 40.7
No sales yet 472 69.7 450 68.4 294 59.3
Total responses 677 658 496
Detailed Sales Responses, 3 data sources
NIH DoD NRC
<$50K 35 54 44
$50-<$100K 19 32 13
$100K-<500K 59 68 51
$500K-<$1M 27 25 19
$1M-<$5M 42 22 29
$5M-<$50M 22 6 12
$50M + 1 1 1
Total 205 208 169

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003; DoD Commercialization Database; and NRC Phase II Survey.
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NIH—Sales

Q21. Expectations of sales

Number

of

Responses  Percent
Yes 576 85.1
No 101 14.9

677 100
Q22. Sales Results

Number

of

Responses  Percent
Sales were realized 224 39.2
Sales are anticipated 340 59.4
No sales 8 1.4

572 100

Q23. Dollar ranges for cumulative sales

Number

of

Responses  Percent
$50,000 or less 35
$50,000-$99,999 19
$100,000-$499,999 59
$500,000-$999,999 27
$1M to <$5M 42
$5M to <$50M 22
$50M + 1

205

Results for those with no sales to date, but
expecting sales

Q21. Text:

Upon completion of the project, were (or are)
sales expected? (Include both sales and sales
of licenses.)

Q22. Text:

With regard to sales, which of the following
resulted?

Q23. Text:

What is the dollar range of cumulative sales
related to the product, process, or service
developed under this project?

More than $0 sales,
3 data sources

Number

of

Responses Percent Source Percent
None expected 101 13.4  NRC 40.7
Sales expected 445 59.3 NIH 30.3
Sales, <$1M 140 18.6  DoD 31.6
Sales, $1-5M 42 5.6
Sales, $5-50M 22 2.9
Sales >$50M 1 0.1

751 100

continued
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TABLE App-A-42 Continued

Yes sales, yes licensing agreement

Number of
Dollar Range of Sales Responses  Percent
$50,000 or less 11 15.1
$50,000-$99,999 4 5.5
$100,000-$499,999 25 342
$500,000-$999,999 10 13.7
$1,000,000-$4,999,999 13 17.8
$5,000,000-$49,999,999 10 13.7

73 100.0

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003; DOD Commercialization Database; and NRC Phase II Survey.

TABLE App-A-43 Sales by Number of Employees

Number of Responses

Number of Grand
Employees  <$1M $1M-<$5M $5M-<$50M $50M+ Total  Percentage
Other 19 6 2 29 12.9
0-5 54 6 70 31.3
6-10 20 6 2 30 13.4
11-15 18 10 2 30 13.4
16-20 6 2 3 13 5.8
21-25 2 2 1 5 22
26-30 5 5 22
31-40 4 4 1.8
41-50 3 3 3 9 4.0
51-75 1 2 5 22
101-200 5 1 4 1 11 49
201-300 1 4 6 2.7
301-500 1 2 3 1.3
500 plus 2 1 1 4 1.8
Grand Total 140 42 22 1 224 100.0
Percentage  62.5 18.8 9.8 0.4 100.0

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.
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TABLE App-A-44 Employment Patterns
Q CQ24. Current number of employees Q CQ24. Text:

NIH Groupings NRC Regroupings What is the current number
of total employees (full-

Number of Number of time equivalents) in your

Responses  Percent Responses  Percent N

company?
5 or Fewer 102 13.6 0-5 259 344
6-10 106 14.1 6-10 124 16.5
11-15 86 11.5 11-15 67 8.9
16-20 89 11.9 16-20 45 6.0
21-25 112 149  21-25 35 4.7
26-30 73 9.7  26-30 22 2.9
31-50 90 120  31-40 31 4.1
51-75 93 124 41-50 19 2.5
76-100 0.0 51-75 31 4.1
101-250 0.0  76-100 20 2.7
251-500 0.0 101-200 37 4.9
500 or More 0.0 201-300 26 35
MISSING 0.0 301-500 14 1.9
751 100.0  >500 22 29
752 100.0

emp-adj. # Percent of emp_adjtotal Percent of all Percent of all employees

emp-adjusted  responses  responses employees employees at firms <500 employees
0 -17

0-5 259 34.5 783 1.0 2.7
6-10 124 16.5 972 1.3 3.4
11-15 67 8.9 842 1.1 2.9
16-20 45 6.0 804 1.0 2.8
21-25 35 4.7 836 1.1 2.9
26-30 22 2.9 628 0.8 22
31-40 31 4.1 1,131 1.5 4.0
41-50 18 2.4 852 1.1 3.0
51-75 31 4.1 1,922 2.5 6.7
76-100 20 2.7 1,859 2.4 6.5
101-200 37 49 5,534 72 19.4
201-300 26 35 6,589 8.6 23.1
301-500 14 1.9 5,825 7.6 20.4
More than 500 22 2.9 48,281 62.8

751 100.0 76,858 100.0

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.
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TABLE App-A-46 Sales by Company Size (employment)

Sum of Responses, By Sales Range

Total Size
Company $50K-  $100K- $500K- $1M- $5M- Number of Distribution
Size <$50K <$100K <$500K <$IM <$5M <50M $50M+ Companies (%)
0-5 21 3 23 7 6 60 344
6-10 3 5 10 2 6 2 28 16.5
11-15 3 2 6 7 10 2 30 8.9
16-20 3 2 6 3 4 2 20 6.0
21-25 1 3 2 2 3 11 4.7
26-30 1 1 2 1 5 2.9
31-40 2 2 1 5 4.1
41-50 2 2 4 2.5
51-75 1 1 1 3 3 9 4.1
76-100 1 2 3 2.7
101-200 2 1 2 1 4 1 11 4.9
201-300 1 4 5 3.5
301-500 1 2 3 1.9
>500 1 1 1 1 4 29
Total 33 18 57 27 40 22 1 198 100.0
Companies

Excludes companies reporting no sales.
Excludes companies reporting zero sales or missing data.
Excludes companies not reporting companies size.

Number of  Total Number  Distribution  Companies Distribution  Percent with Sales/

Employees  of Responses by Size with Sales by Size Percent all Companies
0-5 259 34.4 60 30.3 88.0
6-10 124 16.5 28 14.1 85.8
11-15 67 8.9 30 15.2 170.1
16-20 45 6.0 20 10.1 168.8
21-25 35 4.7 11 5.6 119.4
26-30 22 2.9 5 2.5 86.3
31-40 31 4.1 5 2.5 61.3
41-50 19 2.5 4 2.0 80.0
51-75 31 4.1 9 4.5 110.3
76-100 20 2.7 3 1.5 57.0
101-200 37 4.9 11 5.6 112.9
201-300 26 35 5 2.5 73.0
301-500 14 1.9 3 1.5 81.4
>500 22 29 4 2.0 69.1
752 100 198 100 100.0

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.
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TABLE App-A-47 Other Company Effects

Q25. Received nonSBIR funding for project Q25. Text:
Number of Has your company received any
Responses  Percent additional non-SBIR funding or capital
for thi ject?
Yes 281 36.6 or this project
No 487 63.4
768 100.0
Q27. Sources of project funding Q27. Text:
Number of Thinking now about the sources of

Responses  Percent additional funding or capital for this
project and its outcome (product,

Non-SBIR federal funds 95 10.7 service, or process), were or are any of
Your own company 229 25.8 the followin . rtant?
. g sources important?
Other private company 131 14.8
U.S. venture capital 66 7.4
Foreign venture capital 22 2.5
Private individual investor 107 12.1
Personal funds 124 14.0
State or local government funds 63 7.1
College or university 36 4.1
Other 6 0.7
Foundations 8 0.9
887 100.0
Q26. Validation effect of SBIR Q26. Text:
Number of Do you believe that this additional

Responses  Percent funding or capital is a result of the NTH
SBIR funding for the product, process,

;Zs 2;411 Z?j or service developed under this project?
Not sure 28 10.3
273 100.0
Q28. Most important source of project funding Q28. Text:
Number of Which source has been or is the most
Responses  Percent important source of additional funding
None 487 N or capital?
Non-SBIR federal funds 19 6.8
Your own company 85 30.6
Other private company 61 21.9
U.S. venture capital 22 7.9
Foreign venture capital 3 1.1
Private individual investor 37 133
Personal funds 22 7.9
State or local government funds 15 54
College or university 5 1.8
Other 5 1.8
Foundations 4 1.4
278 100.0

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.
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TABLE App-A-48 VC Funding and SBIR Awards at NIH, 1992-2005.
NIH Top 200 Award Winners: SBIR and venture funding

Phase II Awards All Awards
Number
First Start of of NIH
Phase 11 Latest Phase II  Total SBIR
Company Name Funded Phase II Awards  Funding ($)
Aastrom Biosciences, Inc. 2/1/1993 3/1/1999 5 4,905,444
Abiomed Inc. 3/1/1990  9/30/2000 13 8,924,132
Ambion, Inc. 1/1/1993 8 8,566,387
Biomedical Development Corporation 5/1/1992 9/1/2000 9 6,967,861
Cambridge Neuroscience, Inc. 9/27/1989  9/30/1997 3 2,267,025
Cengent Therapeutics, Inc. 4/1/1999 9/1/1999 3 2,647,188
Centaur Pharmaceuticals, Inc. 2/1/1994 9/30/1996 4 3,989,316
Conductus, Inc. 4/15/1994  6/15/1994 3 2,904,807
Corixa Corporation 9/15/1994  9/1/2000 8 7,971,063
Cortechs Labs, Inc. 5/1/1998 6/15/2002 5 3,793,553
Cubist Pharmaceuticals, Inc. 4/1/1995 4/1/1999 4 4,758,137
Cytel 4/15/1994  7/20/2001 5 4,026,867
Diversa 9/30/1996  11/1/1997 4 4,228,546
EKOS Corporation 6/1/1998 12/1/2000 4 3,350,438
Electro-Optical Sciences, Inc. 6/23/1993  4/19/2001 4 3,262,764
Epoch Biosciences 9/1/1990 1/1/1999 4 3,238,220
Exocell, Inc. 7/1/1992 7/1/2003 6 4,352,150
Foster Miller 5/1/90 4/15/01 10 11,827,620
Genaissance Pharmaceuticals, Inc. 9/1/1993 4 3,581,611
GenPharm International, Inc. 4/1/91 5/1/92 4 1,748,679
Gliatech, Inc. 2/24/1995  9/15/1998 3 3,342,616
Hawaii Biotech, Inc. 7/1/1991 7 9,643,061
IDEC Pharmaceuticals Corporation 8/15/1991  9/30/1997 3 2,441,576
Illumina, Inc. 2/1/1999 7/1/2000 5 5,715,123
Immusol, Inc 9/30/1996 4 3,347,984
Inotek Pharmaceuticals Corporation 3/1/1998 14 29,421,600
Invitrogen Corporation 9/1/1995 9/30/1998 4 4,254,170
Isis Pharmaceuticals 9/1/1991 3/1/1999 4 3,210,263
Martek Bioscience Corporation 9/30/1991  9/30/1995 3 3,220,694
Medical Physics Colorado 5/1/1990 2/15/1992 4 2,698,149
Medimmune, Inc. 3/1/1992 5/1/1996 3 2,912,945
Meridian Instruments, Inc. 2/1/1991 5/1/1993 3 1,746,413
Micronix Corporation 8/1/1992 3/1/2001 6 4,264,334
Neurocrine Biosciences, Inc. 9/30/1994  1/1/2001 8 10,349,174
Nimbus Medical, Inc. 9/1/1990 2/1/1995 4 3,147,990
continued
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TABLE App-A-48 Continued

Phase II Awards All Awards
Number
First Start of of NIH
Phase 11 Latest Phase II  Total SBIR
Company Name Funded Phase II Awards  Funding ($)
OSI Pharmaceuticals, Inc. 5/1/1990 2/1/1997 10 8,563,722
Photon Imaging Corporation 4/1/1995 7/1/2001 7 7,889,307
Physical Optics Corporation 2/15/1993  9/30/2001 10 9,782,753
Physical Sciences, Inc. 3/1/1990 3/15/2003 11 8,175,374
Progenics Pharmaceuticals, Inc. 9/1/1991 9/30/1996 5 14,190,507
RiboGene, Inc. 8/1/1994 9/30/1996 4 3,727,127
Scios Nova, Inc. 1/5/1992 11/1/1997 4 2,704,476
Spencer Technologies 9/1/1992 8/1/2000 4 3,334,165
Spire Corporation 9/25/1989  2/15/2002 8 7,514,150
State of The Art, Inc. 8/23/1993  9/14/2000 8 8,231,063
Stratagene Cloning Systems 7/1/1991 4/7/1997 6 4,754,214
Talaria Holdings, LLC 7/12/1996  7/1/2001 8 7,068,657
Third Wave Technologies, Inc. 4/1/1993 9/25/2001 5 3,778,257
Transoma Medical, Inc. 4/1/1996 3 3,384,761
Valentis 3/26/1993  3/1/1997 4 3,350,068
Volumetrics Medical Imaging 8/1/1993 6/1/2000 3 2,432,255
271 272,332,457
VC Funding
Most Recent Number Total Funding
Company Name Ist Round  Round of Rounds  ($)
Aastrom Biosciences, 8/18/1989 10/30/2002 8 36,385,000 (FKA:
Inc. Ann Arbor
Stromal,
Inc.)
Abiomed, Inc. 12/1/1984 12/1/1984 1 3,000,000 (FKA:
Applied
Biomedical
Corp.)
Ambion, Inc. 5/1/2003 5/1/2003 1 10,500,000
Biomedical 10/1/1987 10/1/1987 1 150,000
Development
Corporation
Cambridge 1/1/1986 6/21/1997 9 35,879,000 (FKA:
Neuroscience, Inc. Synax, Inc.)
Cengent Therapeutics, 1/11/1996 11/30/2000 5 47,350,000
Inc.
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TABLE App-A-48 Continued
VC Funding
Most Recent  Number Total Funding
Company Name Ist Round  Round of Rounds ($)
Centaur 12/1/1992 11/2/2001 7 26,561,000
Pharmaceuticals, Inc.
Conductus, Inc. 9/1/1987 3/27/2002 6 45,700,000
Corixa Corporation 12/2/1994 10/2/1997 3 59,330,000
Cortechs Labs, Inc. 1/9/1987 11/23/1992 4 51,000,000
Cubist Pharmaceuticals, 9/1/1992 9/23/1998 5 36,283,000
Inc.
Cytel 8/1/1987 11/22/1991 4 68,000,000
Diversa 12/1/1994  2/14/2000 5 210,200,000 (FKA:
Recombinant
BioCatalysis,
Inc.)
EKOS Corporation 10/1/1996 8/30/2001 5 42,900,000
Electro-Optical 1/15/1986 6/20/2003 8 32,440,000
Sciences, Inc.
Epoch Biosciences 3/1/1986 7/1/1993 13 29,980,000 (FKA:
MicroProbe
Corporation)
Exocell, Inc. 3/1/1988 3/1/1988 1 900,000
Foster Miller 1/1/80 1/1/80 1 750,000
Genaissance 4/1/1998 5/22/2000 7 73,522,000
Pharmaceuticals, Inc.
GenPharm International,  12/3/88 4/1/95 9 40,100,000
Inc.
Gliatech, Inc. 7/1/1988 6/1/1995 7 32,596,000
Hawaii Biotech, Inc. 6/7/2002 6/6/2003 2 7,300,000
IDEC Pharmaceuticals 5/1/1986 2/1/1990 4 43,870,000
Corporation
Ilumina, Inc. 11/30/1998  11/1/1999 2 36,567,000
Immusol, Inc 6/1/2001 9/24/2003 2 23,500,000
Inotek Pharmaceuticals 3/31/2004  3/31/2004 1 20,000,000
Corporation
Invitrogen Corporation 6/20/1997 6/20/1997 1 15,000,000
Isis Pharmaceuticals 2/1/1989 8/11/1994 6 17,490,000
Martek Bioscience 1/15/1986 11/23/1993 5 22,750,000
Corporation
Medical Physics 12/30/1991  12/30/1991 1 20,000
Colorado
Medimmune, Inc. 5/1/1988 12/9/1991 5 143,850,000
continued
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TABLE App-A-48 Continued

VC Funding
Most Recent Number Total Funding
Company Name Ist Round  Round of Rounds  ($)
Meridian Instruments, 5/1/1983 10/1/1993 4 3,557,000
Inc.
Micronix Corporation 5/1/1981 7/1/1987 15 76,598,000
Neurocrine Biosciences,  9/25/1992 5/23/1996 12 43,000,000
Inc.
Nimbus Medical, Inc. 7/1/1986 3/1/1987 2 5,598,000
OSI Pharmaceuticals, 3/1/1988 3/1/1988 1 4,000,000
Inc.
Photon Imaging 9/1/1983 9/1/1983 1 750,000
Corporation
Physical Optics 8/1/1987 8/1/1990 4 3,337,000
Corporation
Physical Sciences, Inc. 5/9/1995 7/1/1995 2 492,000
Progenics 1/1/1995 12/1/1995 1 5,670,000
Pharmaceuticals, Inc.
RiboGene, Inc. 1/1/1990 2/1/1997 14 43,577,000
Scios Nova, Inc. 6/1/1982 6/1/1982 1 5,425,000
Spencer Technologies 7/1/1997 7/1/1997 1 435,000
Spire Corporation 11/1/1979 1/1/1987 3 3,750,000
State of The Art, Inc. 9/1/1983 1/1/1986 2 3,400,000
Stratagene Cloning 4/1/1987 12/31/1992 2 1,873,000
Systems
Talaria Holdings, LLC 1/1/2001 4/1/2001 2 28,673,000
Third Wave 6/30/1995 7/26/2000 5 78,064,000
Technologies, Inc.
Transoma Medical, Inc. 2/5/2002 2/5/2002 1 12,075,000
Valentis 8/12/1993 10/1/2002 6 47,405,000
Volumetrics Medical 1/1/1995 6/27/2003 6 10,706,000
Imaging
224 1,592,258,000
Legend
34 First VC funding before first SBIR P2

17  bold Last VC funding after start of latest SBIR P2
6 |italics | First VC funding after last start date for SBIR P2

SOURCE: National Institutes of Health; Thomson Financial, VentureSource, and RDNA databases.
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TABLE App-A-49 Knowledge Effects
Q32—Patents Q32 Text:

Number of Number of Number of Patents

Patents Responses  Percent related to this project
1 158 55.1
2 63 22.0
3-5 44 15.3
6-10 18 6.3 752
11-20 3 1.0 287
>21 1 0.3
287 100.0
Q32—Copyrights Q32 Text:
Number of Number of Number of copyrights
Copyrights Responses Percent related to this project
1 86 57.7
2 17 114
3-5 33 22.1
6-10 9 6.0
11-20 3 2.0
>21 1 0.7
149 100.0

SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final
Report, July 2003.

TABLE App-A-50 Further Related Investments by Size of Investment

Number of Investments
by Size of Investment

Total Investment by
Size of Investment ($)

DoD data DoD data

$50M+ 1 77,000,000
$5M-<$50M 3 32,329,122
$1M-<$5M 36 80,492,819
<$1M 180 38,637,715
None 721 0
Total investments 220 228,459,656
Percent of all respondents 24.4

Average (all) 253,562
Average (with investment) 1,038,453

SOURCE: DoD Commercialization Database.
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TABLE App-A-51 Distribution of Sales Responses

Sales Number of Responses Percent

<$50K 54 26.0

$50K-<$100K 32 154

$100K-<$500K 68 32.7

$500K-<$1M 25 12.0

$1M-<$5M 22 10.6

$5M-<$50M 6 2.9

$50M+ 1 0.5

584

SOURCE: DoD Commercialization Database.
TABLE App-A-52 Patents by Size of Company (employees)
Company Sum of Responses, By Number of Patents Total Total
Size 1 2 3 4 5 6 7 8 9 10 14 15 18 38 Responses Patents
0-5 60 25 8 6 1 1 101 172
6-10 25 12 8 2 1 1 49 103
11-15 15 3 1 11 1 22 47
16-20 6 3 2 21 1 2 17 57
21-25 6 4 1 11 17
26-30 6 1 7 20
31-40 301 1 1 6 16
41-50 6 3 1 10 15
51-75 5 1 1 7 11
101-200 9 2 3 2 11 18 94
201-300 5 2 2 1 1 1 12 38
301-500 1 1 2 7
500 plus 11 1 1 1 5 19
Total 147 58 27 12 4 3 4 3 1 4 1 1 1 1 267 616
responses

All Number of Patenting Number Patents per

Company Size Companies (#) Companies of Patents Company
0-5 259 101 172 0.7
6-10 124 49 103 0.8
11-15 67 22 47 0.7
16-20 35 17 57 1.6
21-25 22 11 17 0.8
26-30 31 7 20 0.6
31-40 19 6 16 0.8
41-50 31 10 15 0.5
51-75 20 7 11 0.6
101-200 37 18 94 2.5
201-300 26 12 38 1.5
301-500 14 2 7 0.5
500 plus 22 5 19 0.9
All 707 267 616 0.9

NOTE: Company = Award in this case.
SOURCE: National Institutes of Health, National Survey to Evaluate the NIH SBIR Program: Final

Report, July 2003
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TABLE App-A-54 FDA Approval

Percent of Responding Projects

Approval Stage which Require FDA Approval
Applied for approval 5.0
Review ongoing 3.0
Approved 38.5
Not Approved 6.5
IND: Clinical trials 16.0
Other 32.0

SOURCE: NRC Phase II Survey.

TABLE App-A-55 Sales by Dependence on SBIR

Percent of Firm Revenues that Come from SBIR
(Number of responses in each percent range)

Firm Revenues 0 1-10%  11-25% 26-50% 51-75% 76-100% Total Responses
0 31 41 2 2 2 14 92
<$100K 12 15 7 16 14 29 93
$100K-<$500K 10 16 7 9 18 25 85
$500K-<$1M 28 33 17 28 21 32 159
$1IM-<$5M 13 26 3 10 20 2 74
$5M-<$20M 2 21 5 2 2 0 32
$20M-<$100M 0 3 0 1 0 0 4
$100M+ 2 2 0 0 0 0 4
Total 98 157 41 68 71 102 543

NOTE: These data are for all agencies, not NIH-specific.
SOURCE: NRC Firm Survey.

TABLE App-A-56 Company-level Activities

U.S. Companies/ Foreign Companies/
Investors Investors

Finalized Ongoing Total Finalized Ongoing Total

Activities (%) (%) (%) (%) (%) (%)
Licensing Agreement(s) 19 16 35 9 6 15
Sale of Company 1 4 5 0 1 1
Partial sale of Company 2 4 6 0 1 1
Sale of technology rights 6 7 13 1 1 2
Company merger 0 3 3 0 1 1
Joint Venture agreement 3 9 12 1 3 4
Marketing/distribution agreement(s) 21 10 31 12 6 18
Manufacturing agreement(s) 7 4 11 2 2 4
R&D agreement(s) 15 11 26 4 3 7
Customer alliance(s) 8 10 18 3 1 4
Other Specify. 2 2 4 0 1 1

SOURCE: NRC Phase II Survey.
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TABLE App-A-57 Sales by Size of Reported Revenues

NRC Percent of Those Percent of All
Revenues Responses with Sales Responses
<$1M 147 72.8 29.6
>$1M to <$5M 39 19.3 7.9
>$5M to <$10M 8 4.0 1.6
>$10M to <$50M 7 35 1.4
>$50M 1 0.5 0.2
Reporting Sales Total 202
All Responses 496
Percent Reporting Sales 40.7

SOURCE: NRC Phase II Survey.

TABLE App-A-58 Change in Employment Caused by SBIR

Change in Employment Number of Responses Percent
<0 63 39.7
0 40 11.6
1-10 123 6.1
11-25 36 1.9
26-50 19 1.0
50-75 6 4.8
76-99 3 1.3
101-250 15 0.3
251-500 4 100.0
+>500 1 0.0
310

SOURCE: NRC Phase II Survey.

TABLE App-A-59 Sales Expectations

Sales Expectations Number of Responses Percent of Responses
Sales expected 95 19.2

Sales not expected 32 6.5

Sales 226 45.6

No response 143 28.8

Total responses 353

All responses to survey 496

SOURCE: NRC Phase II Survey.
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TABLE App-A-60 Sales by Licensees

Revenues Reported for Licensee

Number of Responses

<$1M
$1M-<$5M
$5M-<$50M
$50M+

Total

All responses

39
5

5

3
52
496

NOTE: These data are as reported by the recipient, not the

licensee.

SOURCE: NRC Phase II Survey.

APPENDIX A

TABLE App-A-61 Additional Investment Dollars (For projects receiving

additional investment).

Total Average
Investment Number of Investment
Source of Investment (&) Percent Investments Percent ($)
Private investment from U.S. venture 154,617,045  33.9 15 3.9 10,307,803
capital
Private investment from other 141,992,212  31.1 40 10.4 3,549,805
private equity
Private investment from foreign 39,616,075 8.7 12 3.1 3,301,340
investment
Private investment from other 21,624,866 4.7 31 8.1 697,576
domestic private company
Your own company 82,118,851 18.0 188 49.1 436,802
State or local government 6,290,000 1.4 23 6.0 273,478
Personal funds 9,850,408 2.2 67 17.5 147,021
College or universities 236,500 0.1 7 1.8 33,786
Total 456,345,957 100.0 383 100.0 1,191,504

SOURCE: NRC Phase II Survey.

TABLE App-A-62 The “Go” Decision

In the absence of this SBIR award, would your company have

undertaken this project?

Definitely yes
Probably yes
Uncertain
Probably not
Definitely not

5%
8%
14%
28%
46%

SOURCE: NRC Phase II Survey.
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TABLE App-A-63 Patents and Publications

239

Patent applications and awards

Applications Awarded

Number Percent Number Percent
No 249 58.7 280 66.0
Yes 175 41.3 144 34.0
Total Responses 424 100.0 424 100.0
Publications
Number of Publications Number of Responses Total Number of Publications
1 72 72
2 52 104
3 32 96
4 19 76
5 15 75
6-10 15 133
11-30 9 146
30+ 7 420
Totals 236 1,122

SOURCE: NRC Phase II Survey.
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TABLE App-A-64 Time to Market

Number of Years to Market Number of Projects Percent of Projects
-11 1 0.4
=7 1 04
-4 1 0.4
-3 4 1.8
-2 6 2.7
-1 9 4.0
0 18 8.0
1 29 12.9
2 50 22.3
3 48 21.4
4 26 11.6
5 17 7.6
6 8 3.6
7 3 1.3
8 1 0.4
9 2 0.9
224
Award Year All Respondents Sales No Sales Yet Years Since Award
1992 21 10 11 13
1993 34 14 20 12
1994 27 10 17 11
1995 32 17 15 10
1996 35 15 20 9
1997 59 25 34 8
1998 57 29 28 7
1999 81 44 37 6
2000 63 26 37 5
2001 87 34 53 4

NOTE: Negative answers are possible if the research represents enhancement of an existing
product.

SOURCE: NRC Phase II Survey.
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NRC Phase II and Firm Surveys

The first section of this appendix describes the methodology used to survey
Phase IT SBIR awards (or contracts.) The second part presents the results—first of
the awards (NRC Phase II Survey) and then of the NRC Firm Survey. (Appendix
C presents the NRC Phase I Survey.)

ABOUT THE SURVEYS

Starting Date and Coverage

The survey of SBIR Phase II awards was administered in 2005, and included
awards made through 2001. This allowed most of the Phase II awarded projects
(nominally two years) to be completed, and provided some time for commercial-
ization. The selection of the end date of 2001 was consistent with a GAO study,
which in 1991, surveyed awards made through 1987.

A start date of 1992 was selected. The year 1992 for the earliest Phase II
project was considered a realistic starting date for the coverage, allowing inclu-
sion of the same (1992) projects as the DoD 1996 survey, and of the 1992, and
1993 projects surveyed in 1998 for SBA. This adds to the longitudinal capacities
of the study. The 10 years of Phase II coverage spanned the period of increased
funding set-asides and the impact of the 1992 reauthorization. This time frame
allowed for extended periods of commercialization and for a robust spectrum of
economic conditions. Establishing 1992 as the cut-off date for starting the survey
helped to avoid the problem that older awards suffer from several problems, in-
cluding meager early data collection as well as potentially irredeemable data loss;
the fact that some firms and PIs are no longer in place; and fading memories.

241
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Award Numbers

While adding the annual awards numbers of the five agencies would seem
to define the larger sample, the process was more complicated. Agency reports
usually involve some estimating and anticipation of successful negotiation of
selected proposals. Agencies rarely correct reports after the fact. Setting limita-
tions on the number of projects to be surveyed from each firm required knowing
how many awards each firm had received from all five agencies. Thus, the first
step was to obtain all of the award databases from each agency and combine
them into a single database. Defining the database was further complicated by
variations in firm identification, location, phone numbers, and points of contact
within individual agency databases. Ultimately, we determined that 4,085 firms
had been awarded 11,214 Phase I awards (an average of 2.7 Phase II awards per
firm) by the five agencies during the 1992-2001 timeframe. Using the most recent
awards, the firm information was updated to the most current contact information
for each firm.

Sampling Approaches and Issues

The Phase II survey used an array of sampling techniques, to ensure adequate
coverage of projects to address a wide range of both outcomes and potential ex-
planatory variables, and also to address the problem of skew. That is, a relatively
small percentage of funded projects typically account for a large percentage of
commercial impact in the field of advanced, high-risk technologies.

* Random samples. After integrating the 11,214 awards into a single data-
base, a random sample of approximately 20 percent was sampled. Then a
random sample of 20 percent was ensured for each year; e.g., 20 percent
of the 1992 awards, of the 1993 awards, etc. Verifying the total sample
one year at a time allowed improved ability to adapt to changes in the
program over time, as otherwise the increased number of awards made in
recent years might dominate the sample.

* Random sample by agency. Surveyed awards were grouped by agency;
additional respondents were randomly selected as required to ensure
that at least 20 percent of each agency’s awards were included in the
sample.

e Firm surveys. After the random selection, 100 percent of the Phase IIs
that went to firms with only one or two awards were polled. These are
the hardest firms to find for older awards. Address information is highly
perishable, particularly for earlier award years. For firms that had more
than two awards, 20 percent were selected, but no less than two.
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» Top performers. The problem of skew was dealt with by ensuring that all
Phase IIs known to meet a specific commercialization threshold (total of
$10 million in the sum of sales plus additional investment) were surveyed
(derived from the DoD commercialization database). Since 56 percent of
all awards were in the random and firm samples described above, only 95
Phase IIs were added in this fashion.

e Coding. The project database tracks the survey sample, which corre-
sponds with each response. For example, it is possible for a randomly
sampled project from a firm that had only two awards to be a top per-
former. Thus, the response could be analyzed as a random sample for the
program, a random sample for the awarding agency, a top performer, and
as part of the sample of single or double winners. In addition, the database
allows examination of the responses for the array of potential explanatory
or demographic variables.

* Total number of surveys. The approach described above generated a
sample of 6,410 projects, and 4,085 firm surveys—an average of 1.6
award surveys per firm. Each firm receiving at least one project survey
also received a firm survey. Although this approach sampled more than
57 percent of the awards, multiple award winners, on average, were asked
to respond to surveys covering about 20 percent of their projects.

Administration of the Survey

The questionnaire drew extensively from the one used in the 1999 National
Research Council assessment of SBIR at the Department of Defense, SBIR: An As-
sessment of the Department of Defense Fast Track Initiative.! That questionnaire
in turn built upon the questionnaire for the 1991 GAO SBIR study. Twenty-four
of the 29 questions on the earlier NRC study were incorporated. The researchers
added 24 new questions to attempt to understand both commercial and noncom-
mercial aspects, including knowledge base impacts, of SBIR, and to gain insight
into impacts of program management. Potential questions were discussed with
each agency, and their input was considered. In determining questions that should
be in the survey, the research team also considered which issues and questions
were best examined in the case studies and other research methodologies. Many
of the resultant 33 Phase II Award survey questions and 15 Firm Survey questions
had multiple parts.

The surveys were administered online, using a Web server. The formatting,

National Research Council, The Small Business Innovation Research Program: An Assessment of
the Department of Defense Fast Track Initiative, Charles W. Wessner, ed., Washington, DC: National
Academy Press, 2000.
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encoding and administration of the survey was subcontracted to BRTRC, Inc. of
Fairfax, VA.

There are many advantages to online surveys (including cost, speed, and
possibly response rates). Response rates become clear fairly quickly, and can
rapidly indicate needed follow up for nonrespondents. Hyperlinks provide ampli-
fying information, and built-in quality checks control the internal consistency of
the responses. Finally, online surveys allow dynamic branching of question sets,
with some respondents answering selected subsets of questions but not others,
depending on prior responses.

Prior to the survey, we recognized two significant advantages of a paper
survey over an online one. For every firm (and thus every award), the agencies
had provided a mailing address. Thus, surveys could be addressed to the firm
president or CEO at that address. That senior official could then forward the sur-
vey to the correct official within the firm for completion. For an online survey we
needed to know the email address of the correct official. Also, each firm needed
a password to protect its answers. We had an SBIR Point of Contact (POC) and
email address and password for every firm, which had submitted for a DoD SBIR
1999 survey. However, we had only limited email addresses and no passwords for
the remainder of the firms. For many, the email addresses that we did have were
those of Principal Investigators rather than an official of the firm. The decision
to use an online survey meant that the first step of survey distribution was an
outreach effort to establish contact with the firms.

Outreach by Mail

This outreach phase began with the establishing a NAS registration Web
site which allowed each firm to establish a POC, email address and password.
Next, the Study Director, Dr. Charles Wessner, sent a letter to those firms for
which email contacts were not available. Ultimately only 150 of the 2,080 firms
provided POC/email after receipt of this letter. Six hundred fifty of those letters
were returned by the post office as invalid addresses. Each returned letter required
thorough research by calling the agency provided phone number for the firm, then
using the Central Contractor Registration database, <Business.com> (powered by
Google) and Switchboard.com to try to find correct address information. When
an apparent match was found, the firm was called to verify that it was in fact the
firm, which had completed the SBIR. Two hundred thirty-seven of the 650 miss-
ing firms were so located. Another ten firms were located which had gone out of
business and had no POC.

Two months after the first mailing, a second letter from the Study Director
went to firms whose first letter had not been returned, but which had not yet

2The letter was also erroneously sent to an additional 43 firms that had received only STTR
awards.
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registered a POC. This letter also went to 176 firms, which had a POC email,
but no password, and to the 237 newly corrected addresses. The large number of
letters (277) from this second mailing that were returned by the postal service,
indicated that there were more bad addresses in the first mailing than indicated
by its returned mail. (If the initial letter was inadvertently delivered, it may have
been thrown away.) Of the 277 returned second letters, 58 firms were located
using the search methodology described above. These firms were asked on the
phone to go to the registration Web site to enter POC/email/password. A total of
93 firms provided POC/email/password on the registration site subsequent to the
second mailing. Three additional firms were identified as out of business.

The final mailing, a week before survey, was sent to those firms that had
not received either of the first two letters. It announced the study/survey and re-
quested support of the 1,888 CEOs for which we had assumed good POC/email
information from the DoD SBIR submission site. That letter asked the recipients
to provide new contact information at the DoD submission site if the firm infor-
mation had changed since their last submission. One hundred seventy-three of
these letters were returned. We were able to find new addresses for 53 of these,
and ask those firms to update their information. One hundred fifteen firms could
not be found and five more were identified as out of business.

The three mailings had demonstrated that at least 1,100 (27 percent) of the
mailing addresses were in error, 734 of which firms could not be found, and 18
were reported to be out of business.

Outreach by Email

We began Internet contact by emailing the 1,888 DoD Points of Contact
(POCs) to verify their email and give them opportunity to identify a new POC.
Four hundred ninety-four of those emails bounced. The next email went to 788
email addresses that we had received from agencies as PI emails. We asked that
the PI have the correct company POC identify themselves at the NAS Update
registration site. One hundred eighty-eight of these emails bounced. After more
detailed search of the list used by NIH to send out their survey, we identified 83
additional PIs and sent them the PI email discussed above. Email to the POCs
not on the DoD submission site resulted in 110 more POC/email/password being
registered on the NAS registration site.

We began the survey at the end of February with an email to 100 POCs as
a beta test and followed that with another email to 2,041 POCs (total of 2,141)
a week later.

Survey Responses

By August 5, 2005 five months after release of the survey, 1,239 firms had
begun and 1,149 firms had completed at least 14 of 15 questions on the firm sur-
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vey. Project surveys were begun on 1,916 Phase II awards. Of the 4,085 firms that
received Phase II SBIR awards from DoD, NIH, NASA, NSF, or DOE from 1992
to 2001, an additional seven firms were identified as out of business (total of 25)
and no email addresses could be found for 893. For an additional 500 firms, the
best email addresses that were found were also undeliverable. These 1,418 firms
could not be contacted, thus had no opportunity to complete the surveys. Of these
firms, 585 had mailing addresses known to be bad. The 1,418 firms that could not
be contacted were responsible for 1,885 of the individual awards in the sample.

Using the same methodology as the GAO had used in the 1992 report of their
1991 survey of SBIR, undeliverables and out-of-business firms were eliminated
prior to determining the response rate. Although 4,085 firms were surveyed,
1,418 firms were eliminated as described. This left 2,667 firms, of which 1,239
responded, representing a 46 percent response rate by firms,? which could re-
spond. Similarly when the awards, which were won by firms in the undeliverable
category, were eliminated (6,408 minus 1,885), this left 4,523 projects, of which
1,916 responded, representing a 42 percent response rate. Table App-B-1 displays
by agency the number of Phase II awards in the sample, the number of those
awards, which by having good email addresses had the opportunity to respond,
and the number that responded.* Percentages displayed are the percentage of
awards with good addresses, the percentage of the sample that responded and the
responses as a percentage of awards with the opportunity to respond.

The NRC Methodology report had assumed a response rate of about 20
percent. Considering the length of the survey and its voluntary nature, the rate
achieved was relatively high and reflects both the interest of the participants in
the SBIR program and the extensive follow-up efforts. At the same time, the
possibility of response biases that could significantly affect the survey results
must be recognized. For example, it may be possible that some of the firms that
could not be found have been unsuccessful and folded. It may also be possible
that unsuccessful firms were less likely to respond to the survey.

3Firm information and response percentages are not displayed in Table App-B-1, which displays
by agency, since many firms received awards from multiple agencies.

“The average firm size for awards, which responded, was 37 employees. Nonresponding awards
came firms that averaged 38 employees. Since responding Phase IIs were more generally more recent
than nonresponding, and awards have gradually grown in size, the difference in average award size
($655,525 for responding and $649,715 for nonresponding) seems minor.
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TABLE App-B-1 NRC Phase I Survey Responses by Agency, August 4,
2005
Awards Percent of Answered Surveys as
Phase 11 with Good Sample Awards Survey as Surveys as  a Percent
Sample Email with Good of August  a Percent of Awards
Agency  Size Addresses Email Addresses 4, 2005 of Sample  Contacted
DoD 3,055 2,191 72 920 30 42
NIH 1,680 1,127 67 496 30 44
NASA 779 534 69 181 23 34
NSF 457 336 74 162 35 48
DoE 439 335 76 157 36 47
Total 6,408 4,523 70 1,916 30 42
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NRC Phase II Survey Results For NIH

NOTE: SURVEY RESPONSES APPEAR IN BOLD, AND EXPLANATORY
NOTES ARE IN TYPEWRITER FONT.

Project Information 496 respondents answered the first question.
Since respondents are directed to skip certain questions based
on prior answers, the number that responded varies by question.
Also some respondents did not complete their surveys. 444 com-
pleted all applicable questions. For computation of averages, such
as average sales, the denominator used was 496, the number of
respondents who answered the first question. Where appropriate,
the basis for calculations is provided in typewriter font after the
question.

PROPOSAL TITLE:

AGENCY: NIH

TOPIC NUMBER:

PHASE II CONTRACT/GRANT NUMBER:

Part I. Current status of the Project
1. What is the current status of the project funded by the referenced SBIR
award? Select the one best answer. Percentages are based on the 496
respondents who answered this question.
a. 7% Project has not yet completed Phase II. Go to question 21.
b. 19% Efforts at this company have been discontinued. No sales or ad-
ditional funding resulted from this project. Go to question 2.
c. 8% Efforts at this company have been discontinued. The project did
result in sales, licensing of technology, or additional funding. Go
to question 2.
d. 22% Project is continuing post Phase II technology development. Go
to question 3.
13% Commercialization is underway. Go to question 3.
31% Products/Processes/Services are in use by target population/cus-
tomer/consumers. Go fo question 3.

™o

2. Did the reasons for discontinuing this project include any of the following?
PLEASE SELECT YES OR NO FOR EACH REASON AND NOTE THE ONE
PRIMARY REASON.

137 projects were discontinued. The % below are the percent
of the discontinued projects that responded with the indicated
Tesponse.
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Primary

Yes No Reason
a. Technical failure or difficulties 34% 66% 18%
b. Market demand too small 49% 51% 20%
c. Level of technical risk too high 22% 79% 3%
d. Not enough funding 41% 59% 7%
e. Company shifted priorities 54% 46% 18%
f. Principal investigator left 13% 87% 3%
g. Project goal was achieved (e.g., prototype delivered for 29% 71% 1%

federal agency use)

h. Licensed to another company 14% 86% 7%
i. Product, process, or service not competitive 28% 22% 4%
j. Inadequate sales capability 26% 74% 3%
k. Other (please specify): 20% 80% 15%

The next question to be answered depends on the answer to question 1. If ¢, go
to question 3. If b, skip to question 16.

Part II. Commercialization activities and planning.

Questions 3-7 concern actual sales to date resulting from the technology devel-
oped during this project. Sales includes all sales of a product, process, or service,
to federal or private sector customers resulting from the technology developed
during this Phase II project. A sale also includes licensing, the sale of technology
or rights etc.

3. Has your company and/or licensee had any actual sales of products, pro-
cesses, services or other sales incorporating the technology developed during
this project? Select all that apply. This question was not answered
for those projects still in Phase 11 (6%) or for projects, which
were discontinued without sales or additional funding (19%).
The denominator for the percentages below is all projects that
answered the survey. Only 73% of all projects, which answered
the survey, could respond to this question.

19% No sales to date, but sales are expected. Skip to question 8.
6% No sales to date nor are sales expected. Skip to question 11.
41% Sales of product(s)
4% Sales of process(es)
13% Sales of services(s)
9% Other sales (e.g., rights to technology, licensing, etc.)

o a0 o

From the combination of responses 1b, 3a and 3b, we can con-
clude that 24% had no sales and expect none, and that 19%
had no sales but expect sales.
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4. For your company and/or your licensee(s), when did the first sale occur, and
what is the approximate amount of total sales resulting from the technology
developed during this project? If multiple SBIR awards contributed to the
ultimate commercial outcome, report only the share of total sales appropriate
to this SBIR project. Enter the requested information for your company in
the first column and, if applicable and if known, for your licensee(s) in the
second column. Enter approximate dollars. If none, enter 0 (zero).

Your Company Licensee(s)

a. Year when first sale occurred. | | | | | | | | | |

45% reported a year of first sale. 63% of these first sales occurred in
2000 or later. 21% reported a licensee year of first sale. 59% of these
first sales occurred in 2001 or later.

b. Total Sales Dollars of Product (s) Process(es)  $684,359  $678,785
or Service(s) to date. (Average of 496 survey respondents)

Although 224 reported a year of first sale, only 194 reported sales >0.
Their average sales were $1,749,703. Over half of the total sales dol-
lars were due to 4 projects, each of which had $15,000,000 or more
in sales. The highest reporting project had $100,000,000 in sales.
Similarly of the 103 projects that reported a year of first licensee sale,
only 52 reported actual licensee sales >0. Their average sales were
$6,474,565. 50 % of the total sales dollars were due to 2 projects, each
of which had $70,000,000 or more licensee sales. The highest report-
ing project had $100,000,000 in licensee sales.

c. Other Total Sales Dollars (e.g., Rights to $65,855 $74,012
technology, Sale of spinoff company, etc.) to date. (Average of 496
survey respondents)

Combining the responses for b and c, the average for each of the
496 projects that responded to the survey is thus sales of over three-
quarter million dollars by the SBIR company and over one and one-
half million dollars in sales by licensees.

Display this box for @ 4 & 5 if project commercialization is
known.

Your company reported sales information to DoD as a part of an SBIR proposal
or to NAS as a result of an earlier NAS request. This information may be useful
in answering the prior question or the next question. You reported as of (date):

DoD sales (8 amount), Other Federal Sales ($ amount), Export Sales ($ amount),
Private Sector sales ($ amount), and other sales ($ amount).
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To date, approximately what percent of total sales from the technology de-
veloped during this project have gone to the following customers? If none
enter 0 (zero). Round percentages. Answers should add to about 100%.’
496 firms responded to this question as to what percent of
their sales went to each agency or sector.

Domestic private sector 56 %
Department of Defense (DoD) 1%
Prime contractors for DoD or NASA 0%
NASA 0%

Agency that awarded the Phase I1 2%

Other federal agencies (Pull down) 0% ©Sales to NIH 4%, DoE
2%, NSF 1%, other fed-
eral SBIR agencies 3%.
These agencies were
customers of 10% of
the projects, but such
sales represented only
4% of total sales.

State or local governments 16%
Export Markets 19%
Other (Specify) 6%

The following questions identify the product, process, or service resulting from
the project supported by the referenced SBIR award, including its use in a fielded
federal system or a federal acquisition program.

6.

Is a Federal System or Acquisition Program using the technology from this
Phase 11?7

If yes, please provide the name of the federal system or acquisition program
that is using the technology. 1% reported use in a federal system or ac-
quisition program.

Did a commercial product result from this Phase II project? 41% reported
a commercial product.

If you have had no sales to date resulting from the technology developed
during this project, what year do you expect the first sales for your company
or its licensee? Only firms that had no sales but answered that
they expected sales got this question.

SPlease note: If a NASA SBIR award, the Prime contractors line will state “Prime contractors for

NASA.” The “Agency that awarded the Phase II” will only appear if it is not DoD or NASA. The
Name of the actual awarding agency will appear.
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10.

11.

APPENDIX B

13% expected sales. The year of expected first sale is D:I:I:'
87% of those expecting sales expected sales to occur before 2009.

For your company and/or your licensee, what is the approximate amount
of total sales expected between now and the end of 2006 resulting from
the technology developed during this project? If none, enter 0 (zero). This
question was seen by those who already had sales and those
w/0 sales who reported expecting sales.

a. Total sales dollars of product(s), process(es) or $559,622
services(s) expected between now
and the end of 2006. (Average of 496 projects)

b. Other Total Sales Dollars (e.g., rights to technology, $88,857
sale of spinoff company, etc.) expected between now
and the end of 2006. (Average of 496 projects)

c. Basis of expected sales estimate. Select all that apply.
a. 21% Market research
18% Ongoing negotiations
43% Projection from current sales
5% Consultant estimate
33% Past experience
41% Educated guess

I

How did you (or do you expect to) commercialize your SBIR award?
a. 2% No commercial product, process, or service was/is planned.
b. 37% As software
c. 35% Ashardware (final product, component, or intermediate hardware
product)
14% As process technology
14% As new or improved service capability
3% As adrug
6% As a biologic
35% As aresearch tool
19% As educational materials
10% Other, please explain

@ e e

Which of the following, if any, describes the type and status of marketing
activities by your company and/or your licensee for this project? Select one
for each marketing activity. This question answered by 340 firms,
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which completed Phase II and have not discontinued the proj-
ect, w/o sales or additional funding.

Need Not
Marketing activity Planned Assistance Underway Completed Needed
a. Preparation of marketing plan 8% 9% 18% 38% 27%
b. Hiring of marketing staff 10% 10% 7% 25% 48 %
c. Publicity/advertising 16% 9% 25% 26% 24%
d. Test marketing 11% 8% 12% 28% 41%
e. Market Research 7% 14% 16% 33% 31%
f.  Other (Specify) 2% 1% 2% 1% 26%

Part II1. Other outcomes

12. As a result of the technology developed during this project, which of the
following describes your company’s activities with other companies and in-
vestors? Select all that apply. Percentage of the 339 who answered
this question.

Foreign
U.S. Companies/Investors ~ Companies/Investors

Finalized Ongoing Finalized Ongoing

Activities Agreements Negotiations Agreements Negotiations
a. Licensing Agreement(s) 19% 16% 9% 6%
b. Sale of company 1% 4% 0% 1%
c. Partial sale of company 2% 4% 0% 1%
d. Sale of technology rights 6% 7% 1% 1%
e. Company merger 0% 3% 0% 1%
f.  Joint Venture agreement 3% 9% 1% 3%
g.  Marketing/distribution agreement(s) 21% 10% 12% 6%
h. Manufacturing agreement(s) 7% 4% 2% 2%
i. R&D agreement(s) 15% 11% 4% 3%
j. Customer alliance(s) 8% 10% 3% 1%
k. Other Specify 2% 2% 0% 1%

13. In your opinion, in the absence of this SBIR award, would your company

have undertaken this project?

(Select one.) Percentage of the 339 who answered this
question.

a. 5% Definitely yes

b. 8% Probably yes If selected a or b, go to question 14.

c. 14% Uncertain

d. 28% Probably not

e. 45% Definitely not If ¢, d or e, skip to question 16.
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14.

15.

16.

APPENDIX B
If you had undertaken this project in the absence of SBIR, this project would

who responded that they definitely or probably would have
undertaken this project in the absence of SBIR.

a. 5% Broader in scope

b. 44% Similar in scope

c. 51% Narrower in scope

In the absence of SBIR funding, (Please provide your best estimate of the

impact)
a. The start of this project would have been delayed about an average of 8
months.

44 % of the 43 firms expected the project would have been delayed.
35% (15 firms) expected the delay would be at least 12 months. 31%
anticipated a delay of at least 24 months
b. The expected duration/time to completion would have been
1) 63% longer
2) 23% the same
3) 2% shorter
12% No response
c. In achieving similar goals and milestones, the project would be
1) 5% ahead
2) 26% the same place
3) 56% behind
14% No response

Employee information. (Enter number of employees. You may enter fractions

of full-time effort (e.g., 1.2 employees ). Please include both part-time and
full-time employees, and consultants, in your calculation.)
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Number of employees (if known) when Ave = 22
Phase II proposal was submitted 3% report 0

44 % report 1-5

35% report 6-20
8% report 21-50
6% report >100

Current number of employees Ave = 58

4% report 0
28% report 1-5
36% report 6-20
17% report 2-50
12% report >100

Number of current employees who were hired Ave = 2.7

as a

result of the technology developed during 42% report 0

this Phase II project. 50% report 1-5

6% report 6-20
0% report report >20

Number of current employees who were re- Ave = 2.2
tained as a result of the technology developed 43% report 0
during this Phase II project 51% report 1-5

5% report 6-20
1% report 1% report >20

17. The Principal Investigator for this Phase II Award was a (check all that
apply)
a. 22% Woman
b. 8% Minority
c. 73% Neither a woman or minority
18. Please give the number of patents, copyrights, trademarks and/or scientific
publications for the technology developed as a result of this project. Enter
numbers. If none, enter 0 (zero). Results are for 426 respondents to
this question.
Number Applied For/Submitted Number Received/Published
430 Patents 305
262 Copyrights 258
195 Trademarks 170
1,172 Scientific Publications 1122
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Part IV. Other SBIR funding

19. How many SBIR awards did your company receive prior to the Phase I that
led to this Phase I1?
a. Number of previous Phase I awards. Average of 4. 37% had no prior
Phase I and another 47% had 5 or less prior Phase 1.
b. Number of previous Phase II awards. Average of 2. 55% had no prior
Phase II and another 38% had 5 or less prior Phase II.

20. How many SBIR awards has your company received that are related to the

project/technology supported by this Phase II award ?

a. Number of related Phase I awards Average of two awards 45% had
no prior related Phase I and another 45% had 5 or less prior related
Phase 1.

b. Number of related Phase II awards Average of one award. 62% had
no prior related Phase II and another 34% had 5 or less prior related
Phase II.

Part V. Funding and other assistance

21. Prior to this SBIR Phase II award, did your company receive funds for
research or development of the technology in this project from any of the
following sources? Of 457 respondents.

a. 16%

5%
6%
7%
10%
34%
5%
4%
7%

ol R

Prior SBIR Excluding the Phase I, which proceeded this
Phase I1.

Prior non-SBIR federal R&D

Venture Capital

Other private company

Private investor

Internal company investment (including borrowed money)
State or local government

College or University

Other Specify

Commercialization of the results of an SBIR project normally requires additional
developmental funding. Questions 22 and 23 address additional funding. Ad-
ditional Developmental Funds include non-SBIR funds from federal or private
sector sources, or from your own company, used for further development and/or
commercialization of the technology developed during this Phase II project.
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23.

257

Have you received or invested any additional developmental funding in this
project?

a. 58% Yes Continue.
b. 42% No Skip to question 24.

To date, what has been the total additional developmental funding for the
technology developed during this project? Any entries in the Reported
column are based on information previously reported by your firm to DoD
or NAS. They are provided to assist you in completing the Developmental
Funding column. Previously reported information did not include invest-
ment by your company or personal investment. Please update this informa-
tion to include breaking out Private investment and Other investment by
subcategory. Enter dollars provided by each of the listed sources. If none,
enter 0 (zero).) The dollars shown are determined by dividing
the total funding in that category by the 496 respondents who
started the survey to determine an average funding. Only 262
of these respondents reported any additional funding,.

Source Reported Developmental Funding
a. Non-SBIR federal funds S . $91984
b. Private investment S .,
(1) U.S. venture capital $311,727
(2) Foreign investment $ 79,871
(3) Other private equity $286,274
(4) Other domestic private $ 43,598
company
c. Other sources S .,
(1) State or local $ 12,681
governments
(2) College or Universities $ 476
d. Not previously reported
(1) Your own company $165,567
(including money you
have borrowed)
(2) Personal funds $ 19,859
Total average additional
developmental funding, all
gources, per award $1,012,037
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24.

25.

26.

27.

28.
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Did this award identify matching funds or other types of cost sharing in the

Phase II Proposal?°

a. 94% No matching funds/co-investment/cost sharing were identified in
the proposal. If a, skip to question 26.

b. 6% Although not a DoD Fast Track, matching funds/co-investment/
cost sharing were identified in the proposal.

c. 0% Yes. This was a DoD Fast Track proposal.

Regarding sources of matching or co-investment funding that were proposed
for Phase II, check all that apply. The percentages below are com-
puted for those 88 projects, which reported matching funds.
a. 79% Our own company provided funding (includes borrowed funds)
4% A federal agency provided non-SBIR funds
18% Another company provided funding
4% An angel or other private investment source provided funding
11% Venture Capital provided funding

o0 o

Did you experience a gap between the end of Phase I and the start of
Phase I1?

a. 80% Yes Continue.

b. 20% No Skip to question 29.

The average gap reported by 362 respondents was 13 months.
11% of the respondents reported a gap of two or more years.

Project history. Please fill in for all dates that have occurred. This infor-
mation is meaningless in aggregate. It has to be examined
project by project in conjunction with the date of the Phase I
end and the date of the Phase II award to calculate the gaps.

Date Phase I ended Month/year Djj]

Date Phase II proposal submitted Month/year Djj]

If you experienced funding gap between Phase I and Phase II for this award,

select all answers that apply

a. 38% Stopped work on this project during funding gap.

b. 53% Continued work at reduced pace during funding gap.

c. 8% Continued work at pace equal to or greater than Phase I pace
during funding gap.

d. 8% Received bridge funding between Phase I and II.

e. 5% Company ceased all operations during funding gap.

%The words underlined appear only for DoD awards.
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29.

30.

31.

Did you receive assistance in Phase I or Phase II proposal preparation for
this award? Of 380 respondents.

a. 3% State agency provided assistance

b. 2% Mentor company provided assistance

c. 0% Regional association provided assistance

d. 7% University provided assistance

e. 87% We received no assistance in proposal preparation
Was this assistance useful?

a. 75% Very Useful

b. 25% Somewhat Useful

c. 0% Not Useful

In executing this award, was there any involvement by universities fac-
ulty, graduate students, and/or university developed technologies? Of 444

respondents.
54% Yes
46% No

This question addresses any relationships between your firm’s efforts on this

Phase II project and any University (ies) or College (s). The percentages

are computed against the 444 who answered question 30, not
Just those who answered yes to question 30.
(Select all that apply.)
a. 4% The Principal Investigator (PI) for this Phase II project was at the
time of the project a faculty member.
b. 7% The Principal Investigator (PI) for this Phase II project was at the
time of the project an adjunct faculty member.
c. 34% Faculty member(s) or adjunct faculty member (s) work on this
Phase II project in a role other than PI, e.g., consultant.

15% Graduate students worked on this Phase II project.

16% University/College facilities and/or equipment were used on this
Phase II project.

f. 5% The technology for this project was licensed from a University or
College.

g. 6% The technology for this project was originally developed at a
University or College by one of the participants in this Phase 11
project.

h. 24% A University or College was a subcontractor on this Phase II
project.

o e

In remarks enter the name of the University or College that is referred to in any
blocks that are checked above. If more than one institution is referred to, briefly
indicate the name and role of each.
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32. Did commercialization of the results of your SBIR award require FDA ap-
proval? Yes 20%

In what stage of the approval process are you for commercializing this SBIR

award?

1.0%
0.6%
7.7 %
1.3%
3.2%
6.4%

S e o

Applied for approval
Review ongoing
Approved

Not approved

IND: Clinical trials
Other
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NRC Firm Survey Results

NOTE: ALL RESULTS APPEAR IN BOLD. RESULTS ARE REPORTED
FOR ALL 5 AGENCIES (DOD, NIH, NSF, DOE, AND NASA).

1,239 firms began the survey. 1,149 completed through question 14. 1,108
completed all questions.

If your firm is registered in the DoD SBIR/STTR Submission Web site, the in-
formation filled in below is based on your latest update as of September 2004
on that site. Since you may have entered this information many months ago, you
may edit this information to make it correct. In conjunction with that informa-
tion, the following additional information will help us understand how the SBIR
program is contributing to the formation of new small businesses active in federal
R&D and how they impact the economy. Questions A-G are autofilled from Firm
database, when available.

Company Name:
Street Address:
City: State: Zip:
Company Point of Contact:
Company Point of Contact Email:
Company Point of Contact Phone: (___) ___ - Ext:
The year your company was founded:

ommoTNwy

1. 'Was your company founded because of the SBIR Program?
a. 79% No
b. 8% Yes
c. 13% Yes, In part

2. Information on company founders. Please enter zeros or the correct number
in each pair of blocks.

a. Number of founders. D:I

5% unknown

40% 1

30% 2

13% 3
8% 4
2% 5
2% >5

Average = 2 founders/firm
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b.

Number of other companies started by one or more
of the founders.
5% unknown
46% started no other firms
23% started 1 other firm
13% started 2 other firms
7% started 3 other firms
3% started 4 other firms
3% started 5 or more other firms
Average number of other firms founded is one.

Number of founders who have a business background.
5% Unknown

50% No founder known to have business background

30% One founder with business background

14% More than one founder with business background

Number of founders who have an academic background
5% Unknown

29% No founder known to have academic background

38% One founder with academic background

28% More than one founder with academic background

APPENDIX B

(1]

(1]

(1]

3.  What was the most recent employment of the company founders prior to
founding this company? Select all that apply. Total >100% since many
companies had more than one founder.

a.

b
c.
d

65% Other private company

36% College or University
9% Government

10% Other

4. How many SBIR and/or STTR awards has your firm received from the Fed-
eral Government?
Phase I: Average number of Phase I reported was 14.

a.

13% 1 Phase I
34% 2 to 5 Phase I
24% 6 to 10 Phase I
14% 11 to 20 Phase I
11% 21 to 50 Phase I
3% 51 to 100 Phase 1
2% >100 Phase I Five firms reported >300 Phase I
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What year did you receive your first Phase I Award?

3% reported 1983 or sooner.
33% reported 1984 to 1992.
40% reported 1993 to 1997.
24% reported 1998 or later.
b. Phase II: Average number of Phase II reported was 7
27% 1 Phase 11
44% 2 to 5 Phase I1
15% 6 to 10 Phase I1
8% 11 to 20 Phase 11
5% 21 to 50 Phase 11
1% >50 Phase II Four firms reported >100 Phase I1
What year did you receive your first Phase IT Award?
3% reported 1983 or sooner.
22% reported 1984 to 1992.
35% reported 1993 to 1997.
41% reported 1998 or later.

5.  What percentage of your company’s growth would you attribute to the SBIR
program after receiving its first SBIR award?

a. 31%
b. 25%
c. 20%
d. 24%

Less than 25%
25% to 50%
51% to 75%
More than 75%

6. Number of company employees (including all affiliates):
a. At the time of your company’s first Phase II Award:

56 %
28%
9%
8%

5 or less

6 to 20

21 to 50

> 50 Fourteen firms 1.3% had greater than 200 employees
at time of first Phase.

b. Currently:
29% 5 or less
37% 6 to 20
17% 21 to 50
13% 51 to 200
5% > 200 Eleven firms report over 500 current employees.
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7. What Percentage of your Total R&D Effort (Man-hours of Scientists and
Engineers) was devoted to SBIR activities during the most recent fiscal

year?___ %

22% 0% of R&D was SBIR during most recent fiscal year.

16% 1% to 10% of R&D was SBIR during most recent fiscal year.
11% 11% to 25% of R&D was SBIR during most recent fiscal year.
18% 26% to 50% of R&D was SBIR during most recent fiscal year.
14% 51% to 75% of R&D was SBIR during most recent fiscal year.
19% >75% of R&D was SBIR during most recent fiscal year.

8. What was your company’s total revenue for the last fiscal year?

50 0o a0 o

10% <$100,000

18% $100,000-$499,999

16% $500,000-$999,999

33% $1,000,000-$4,999,999

14% $5,000,000-$19,999,999
6% $20,000,000-$99,999,999
1% $100,000,000+

0.4% Proprietary information

9. What percentage of your company’s revenues during its last fiscal year is fed-
eral SBIR and/or STTR funding (Phase I and/or Phase II)?

30%

17 %

11%

13%

13%

13%

4%

0% of revenue was SBIR (Phase I or IT) during most recent fiscal
year.

1% to 10% of revenue was SBIR (Phase I or II) during most
recent fiscal year.

11% to 25% of revenue was SBIR (Phase I or II) during most
recent fiscal year.

26% to 50% of revenue was SBIR (Phase I or II) during most
recent fiscal year.

51% to 75% of revenue was SBIR (Phase I or II) during most
recent fiscal year.

76% to 99% of revenue was SBIR (Phase I or II) during most
recent fiscal year.

100% of revenue was SBIR (Phase I or II) during most recent
fiscal year.

10. This question eliminated from the survey as redundant.
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11. Which, if any, of the following has your company experienced as a result of
the SBIR Program? Select all that apply.

d.

Fifteen firms made an initial public stock offering in
calendar year |:|:|:|:|
Seven reported prior to 2000; two in 2000; four in 2004; and one in
both 2006 and 2007

Six planned an initial public stock offering for 2005/2006.

14% Established one or more spin-off companies.

How many spin-off companies? |:|:|
242 Spin-off companies were formed.

84% reported None of the above.

12. How many patents have resulted, at least in part, from your company’s SBIR
and/or STTR awards?
43% reported no patents resulting from SBIR/STTR.
16% reported one patent resulting from SBIR/STTR.
27% reported 2 to 5 patents resulting from SBIR/STTR.
13% reported 6 to 25 patents resulting from SBIR/STTR.

1% reported >25 patents resulting from SBIR/STTR.

A total of over 3,350 patents were reported; an average of almost 3 per
firm

The remaining questions address how market analysis and sales of the commer-
cial results of SBIR are accomplished at your company.

13. This company normally first determines the potential commercial market for
an SBIR product, process or service

a.

& o o

66% Prior to submitting the Phase I proposal
21% Prior to submitting the Phase II proposal
9% During Phase II
3% After Phase 11
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14. Market research/analysis at this company is accomplished by: (Select all that
apply.)

15.

a
b
c.
d.
e

f.
g

28%

7%
41%
23%
53%
67 %

1%

The Director of Marketing or similar corporate position
One or more employees as their primary job

One or more employees as an additional duty
Consultants

The Principal Investigator

The company President or CEO

None of the above

Sales of the product(s), process(es) or service(s) that result from commer-
cialising an SBIR award at this company are accomplished by: Select all that

apply.

a. 35%
b. 52%
c. 30%
d. 30%
e. 26%
f. 9%
g 26%
h. 11%

An in house sales force

Corporate officers

Other employees

Independent distributors or other company(ies) with which we
have marketing alliances

Other company(ies), which incorporate our product into their
own.

Spinoff company(ies)

Licensing to another company

None of the above
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NRC Phase I Survey

SURVEY DESCRIPTION

This section describes a survey of Phase I SBIR awards over the period
1992-2001. The intent of the survey was to obtain information on those which
did not proceed to Phase II, although most that did receive a Phase II were also
surveyed.

Over that period the five agencies (DoD, DoE, NIH, NASA, and NSF) made
27,978 Phase I awards. Of the total number for the five agencies, 7,940 Phase 1
awards could be linked to one of the 11,214 Phase II awards made from 1992-
2001. To avoid putting an unreasonable burden on the firms which had many
awards, we identified all firms which had over ten Phase I awards that appar-
ently had not received a Phase II. For those firms we did not survey any Phase I
awards that also received a Phase II. This amounted to 1,679 Phase Is that were
not surveyed.

We chose to survey the Principal Investigator (PI) rather than the firm both
to reduce the number of surveys that any person would have to complete, and
because if the Phase I had not gone on to a Phase II, the PI was more likely to
have any memory of it than would the firm officials. There were no PI email ad-
dresses for 5,030 Phase I awards, a fact that reduced the number of surveys sent
since the survey was conduced by email.

Thus there were 21,269 surveys (27,978 minus 1,679 minus 5,030 = 21,269)
emailed to 9,184 Principal Investigators. Many PIs had received multiple Phase I
awards. Of these surveys, 6,770 were bounced (undeliverable) email. This left
possible responses of 14,499. Of these, there were 2,746 responses received. The
responses received represented 9.8 percent of all Phase I awards for the five-
agencies, or 12.9 percent of all surveys emailed, and 18.9 percent of all possible
responses.

The agency breakdown, including NRC Phase I Survey results, is given in
Table App-C-1.
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TABLE App-C-1 Agency Breakdown for NRC Phase I Survey

Phase I Project Number of Phase I Answered Survey

Surveys By Agency Awards, 1992-2001 (Number) Answered Survey (%)
DoD 13,103 1,198 9

DoE 2,005 281 14

NASA 3,363 303 9

NIH 7,049 716 10

NSF 2,458 248 10

TOTAL 27,978 2,746 10

SURVEY PREFACE

This survey is an important part of a major study commissioned by the U.S.
Congress to review the SBIR program as it is operated at various federal agen-
cies. The assessment, by the National Research Council (NRC), seeks to deter-
mine both the extent to which the SBIR programs meet their mandated objectives,
and to investigate ways in which the programs could be improved. Over 1,200
firms have participated earlier this year in extensive survey efforts related to firm
dynamics and Phase II awards. This survey attempts to determine the impact of
Phase I awards that do not go on to Phase II. We need your help in this assess-
ment. We believe that you were the PI on the listed Phase 1.

We anticipate that the survey will take about 5-10 minutes of your time. If
this Phase I resulted in a Phase II, this survey has only three questions; if there
was not a Phase II; there are 14 questions. Where $ figures are requested (sales or
funding), please give your best estimate. Responses will be aggregated for statisti-
cal analysis and not attributed to the responding firm/PI, without the subsequent
explicit permission of the firm.

Since you have been the PI on more than one Phase I from 1992 to 2001,
you will receive additional surveys. These are not duplicates. Please complete
as many surveys for those Phase I that did not result in a Phase II as you deem
to be reasonable.

Further information on the study can be found at <http://www7.national
academies.org/sbir>. BRTRC, Inc., is administering this survey for the NRC.
If you need assistance in completing the survey, call 877-270-5392. If you have
questions about the assessment more broadly, please contact Dr. Charles Wessner,
Study Director, NRC.

Project Information

Proposal Title:

Agency:

Firm Name:

Phase I Contract / Grant Number:
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NRC PHASE I SURVEY RESULTS

NOTE: RESULTS APPEAR IN BOLD. RESULTS ARE REPORTED FOR
ALL 5 AGENCIES (DoD, NIH, NSF, DoE, AND NASA). EXPLANATORY
NOTES ARE IN TYPEWRITER FONT.

2,746 responded to the survey. Of these 1,380 received the follow
on Phase II. 1,366 received only a Phase L.

1.

Did you receive assistance in preparation for this Phase I proposal?

Phase I only Received Phase 11
95% No  Skip to Question 3 93% No
5% Yes Go to Question 2 7% Yes

If you received assistance in preparation for this Phase I proposal, put an X
in the first column for any sources that assisted and in the second column for
the most useful source of assistance. Check all that apply. Answered by
74 Phase I only and 91 Phase II who received assistance.

Phase I only Received Phase I1
Assisted/Most Useful  Assisted/Most Useful

State agency provided 10/3 11/10

assistance

Mentor company provided  15/9 21/15

assistance

University provided 31/17 34/22

assistance

Federal agency SBIR 16/8 25/19

program managers or
technical representatives
provided assistance

Did you receive a Phase II award as a sequential direct follow on to this
Phase I award? (If yes, please check yes. Your survey would have been au-
tomatically submitted with the HTML format. Using this Word format, you
are done after answering this question. Please email this as an attachment to
Jjeahill@brtrc.com, or fax to Joe Cahill 703-204-9447. Thank you for you
participation.) 2,746 responses

50% No. We did not receive a follow on Phase II after this Phase 1.
50% Yes. We did receive the follow on Phase II after this Phase 1.
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Which statement correctly describes why you did not receive the Phase 11
award after completion of your Phase I effort. (Select best answer) All ques-
tions which follow were answered by those 1,566 who did not
receive the follow on Phase II. % based on 1,366 responses.

33%
63%

1%

3%

The company did not apply for a Phase II. Go to question 5.

The company applied, but was not selected for a Phase II. Skip to
question 6.

The company was selected for a Phase II, but negotiations with
the government failed to result in a grant or contract. Skip to ques-
tion 6.

Did not respond to question 4.

The company did not apply for a Phase II because: Select all that apply.
% based on 446 who answered “The company did not apply
for a Phase II” in question 4.

38%
11%
6%
34%
3%

1%
8%
5%
6%
13%

Phase I did not demonstrate sufficient technical promise.

Phase II was not expected to have sufficient commercial promise.
The research goals were met by Phase I. No Phase II was required.
The agency did not invite a Phase II proposal.

Preparation of a Phase II proposal was considered too difficult to be
cost effective.

The company did not want to undergo the audit process.

The company shifted priorities.

The PI was no longer available.

The government indicated it was not interested in a Phase II.
Other—explain:

Did this Phase I produce a non-commercial benefit? Check all responses that
apply. % based on 1,5606.

59%
83%
27%
17%

13%

8%

The awarding agency obtained useful information.

The firm improved its knowledge of this technology.

The firm hired or retained one or more valuable employees.

The public directly benefited or will benefit from the results of this
Phase I. (Briefly explain benefit.)

This Phase I was essential to founding the firm or to keeping the firm
in business.

No
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7. Although no Phase II was awarded, did your company continue to pursue
the technology examined in this Phase 1? Select all that apply. % based on
1,566.

46% The company did not pursue this effort further.

22% The company received at least one subsequent Phase I SBIR award
in this technology.

14% Although the company did not receive the direct follow on Phase 11
to the this Phase I, the company did receive at least one other subse-
quent Phase II SBIR award in this technology.

12% The company received subsequent federal non-SBIR contracts or
grants in this technology.

9% The company commercialized the technology from this Phase I.
2% The company licensed or sold their rights in the technology devel-
oped in this Phase I.

16% The company pursued the technology after Phase I, but it did not

result in subsequent grants, contracts, licensing or sales.

Part II. Commercialization

8. How did you, or do you, expect to commercialize your SBIR award? (Select
all that apply) % basged on 1,5606.

33% No commercial product, process, or service was/is planned.
16% As software
32% As hardware (final product component or intermediate hardware
product)
20% As process technology
11% As new or improved service capability
15% As a research tool
4% As a drug or biologic
3% As educational materials

9. Has your company had any actual sales of products, processes, services
or other sales incorporating the technology developed during this Phase 1?7
(Select all that apply.) % based on 1,366.

5% Although there are no sales to date, the outcome of this Phase I is in
use by the intended target population.
65% No sales to date, nor are sales expected. Go to question 11.
15% No sales to date, but sales are expected. Go to question 11.
9% Sales of product(s)
1% Sales of process(es)
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6% Sales of services(s)

2% Other sales (e.g., rights to technology, sale of spin of company,
etc.)

2% Licensing fees

10. For you company and/or your licensee(s), when did the first sale occur, and
what is the approximate amount of total sales resulting from the technology
developed during this Phase I1? If other SBIR awards contributed to the ulti-
mate commercial outcome, estimate only the share of total sales appropriate
to this Phase I project. (Enter the requested information for your company
in the first column and, if applicable and if known, for your licensee(s) in
the second column. Enter dollars. If none, enter O (zero), leave blank if

unknown.)
Your Company Licensee(s)
a. Year when first sale occurred 89 of 147 11 of 13
after 1999 after 1999
b. Total Sales Dollars of Product(s)
Process(es) or Service(s) to date
(Sale Averages) $84,735 $3,947
Top 5 Sales 1. $20,000,000
Accounts for 43% of all sales 2. $15.000,000
3. $5.600,000
4. $5,000,000
5. $4.200,000
c. Other Total Sales Dollars
(e.g., Rights to technology, Sale of
spin off company, etc.) to date
(Sale Averages) $1,878 $0

Sale averages determined by dividing totals by
1,366 responders.
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11.

12.

If applicable, please give the number of patents, copyrights, trademarks and/
or scientific publications for the technology developed as a result of Phase I.
(Enter numbers. If none, enter O (zero); leave blank if unknown.)

# Applied For or Submitted / # Received/Published
319 / 251 Patent(s)
50 / 42 Copyright(s)
52/ 47 Trademark(s)
521 / 472 Scientific Publication(s)

In your opinion, in the absence of this Phase I award, would your company
have undertaken this Phase I research? (Select only one lettered response. If
you select ¢, and the research, absent the SBIR award, would have been dif-
ferent in scope or duration, check all appopriate boxes.) Unless otherwise
stated, % are based on 1,366.

5% Definitely yes
7% Probably yes, similiar scope and duration
16% Probably yes, but the research would have been different in the fol-
lowing way
% based on 218 who responded probably yes, but re-
gearch would have . ..
75% Reduced scope
4% Increased scope
21% No Response to scope
5% Faster completion
51% Slower completion
44% No Response to completion rate
14% Uncertain
40% Probably not
16% Definitely not
4% No Response to question 12

Part III. Funding and other assistance

Commercialization of the results of an SBIR project normally requires additional
developmental funding. Questions 13 and 14 address additional funding. Ad-
ditional developmental funds include non-SBIR funds from federal or private
sector sources, or from your own company, used for further development and/or
commercialization of the technology developed during this Phase I project.
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13. Have you received or invested any additional developmental funding in this
Phase 1? % based on 1,5606.

25% Yes. Go to question 14.
72% No. Skip question 14 and submit the survey.

3% No response to question 13.

14. To date, what has been the approximate total additional developmental fund-
ing for the technology developed during this Phase 1?7 (Enter numbers. If
none, enter O (zero; leave blank if unknown).

c.

Source # Reporting Developmental
that source  Funding
(Average Funding)

Non-SBIR federal funds 79 $72,697

Private Investment

(1) U.S. Venture Capital 13 $4,114

(2) Foreign investment 8 $4,288

(3) Other Private equity 20 $7,605

(4) Other domestic private 39 $8,522
company

Other sources

(1) State or local governments 20 $1,672

(2) College or Universitie 6 $293

Your own company

(Including money you have 149 $21,548

borrowed)

Personal funds of company owners 54 $4,955

Average Funding determined by dividing totals by
1,366 responders.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

Appendix D

Case Studies

275

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

276 APPENDIX D

Advanced Brain Research, Inc.!

Robin Gaster
North Atlantic Research

EXECUTIVE SUMMARY

ABM is a small company whose research has been funded almost entirely by
a series of successful SBIR awards. Currently, ABM is poised to enter Phase III,
and is seeking the funding needed to do so successfully.

The company was founded on SBIR awards in 1997, and expanded based on
Phase IT awards in 1999. It received additional SBIR awards in 2002, and some
additional funding from DARPA, during the development of two complementary
products: home sleep diagnosis products, and an initial sleep disorder screening
product for use in office or other settings.

ABM has received six Phase II NIH awards, and seven Phase I NIH awards,
and has been supported almost entirely by $6.3 million in SBIR awards and
$700,000 from DARPA.

Primary Outcomes:

* One product with FDA clearance and a second that has been submitted
for clearance, both entering Phase III.

e Six patents.

e Publications.

e Additional employment.

e Partnerships: Possible pilot program with Waste Management, Inc.

Key SBIR issues:

e Failure of Fast Track.

* Better program manager accountability.
e Commercialization/Phase III support.

* Commercialization review.

* Review quality and oversight.

Key recommendations:

e Optional training program for reviewers.

Interview: In Carlsbad, CA, at Advanced Brain Monitoring, Inc., with Daniel Lebedowski, Chief
Scientific Officer, and Chris Berkas, CEO. Both are co-founders.

Copyright © National Academy of Sciences. All rights reserved.



An Assessment of the Small Business Innovation Research Program at the National Institutes of Health
http://lwww.nap.edu/catalog/11964.html

APPENDIX D 277

e Accelerate shift to electronic submissions. Consider using DoD submis-
sion system.

e Improved program manager assessment using report cards during the
Final Report and/or Edison submission processes.

e Review. Improve commercialization reviews, possibly by instituting two-
phase screening system.

* Phase III. Improve electronic matchmaking by improving online tools at
NIH Web site.

BACKGROUND

Advanced Brain Monitoring, Inc., was founded in January 1997 to create low
cost, easy-to-use, portable systems to monitor and interpret physiological signals
indicating brain activity, and has developed patented data acquisition technology
with automated analysis software to measure the brain’s electrical activity (EEG),
oxygen levels in the blood and cardiac activity.

ABS used a Phase I award as a founding grant. It opened in 1997 with two
full-time and two part-time employees. Phase I awards took the company to Janu-
ary 1999, when it received three Phase II awards. This allowed all three founders
to go full time, funded the company’s move to Carlsbad, and paid for three EEG
technicians who were hired in June 1999.

The founders have invested about $400,000 on the company, funding primar-
ily used for FDA 510k filings and patent filings, which cannot be delayed while
more funding is found. Overall, the company has received more than $6 million

FIGURE App-D-1
SOURCE: Advanced Brain Research.
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from NIH in SBIR awards and an additional $700,000 from DARPA under the
Augmented Cognition program. ABM has worked with Honeywell and Lockheed
in the context of its DARPA-sponsored research.

All current awards will end in March 2005. Company is currently seeking
ongoing capital for product rollout.

PRODUCTS

ABM is currently focused entirely on bringing products to market. It has two
products that are ready for pilot sales:

(1) The Apnea Risk Evaluation System (ARES™) integrates physiological
data acquired in-home with clinical history and anthropomorphic data to quantify
level of risk for Obstructive Sleep Apnea (OSA). ARES has three components:

* ARES Unicorder: a battery powered, self-applied, single site (forehead)
physiological recorder that acquires and stores nocturnal data for use in
the diagnosis of OSA.

* ARES Questionnaire (ARES Q): designed to assess pre-existing risk
factors for OSA, including age, gender, body mass index (BMI), neck
circumference, daytime drowsiness, frequency and intensity of snoring,
observed apneas, and history of hypertension, diabetes and cardiovascular
disease.

* ARES Insight Software: automated software to recognize and quantify
abnormal respiratory events.

The ARES received FDA clearance in October 2004, and its CE mark in
February 2005. It must be ordered by a prescription.
ABM sells the AREA system through two channels:

* Directly to primary care physicians and industrial customers (em-
ployers) (as prescribed by a physician).

* Licensed to larger users. This service includes the technology and training
for user staff, and is designed for larger facilities such as hospitals or other
bulk purchasers.

(2) Alertness and Memory Profiling System (AMP™). The AMP simultane-
ously acquires data on brain function and cognitive performance during vigilance,
attention and memory tests. Its components can be used together or separately:

* The patented Sensor Headset addresses many of the technical concerns
with EEG recordings, including ease of use, comfort, cosmetic accept-
ability for the workplace, and high quality data acquisition in challenging
environments.
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FIGURE App-D-2
SOURCE: Advanced Brain Research.

+ B-Alert® Software. The patented B-Alert software identifies and decon-
taminates artifacts, monitors changes in the EEG on a second-by-second
basis, and classifies each second of brain activity on a continuum from
highly vigilant to sleep onset.

* Neurocognitive test battery. A battery of vigilance, attention, and mem-
ory tests that assess and quantify alertness and memory.

The Sensor Headset has been submitted for FDA clearance in March 2005,
and it received its CE mark in February 2005. The medical application must be
ordered by a prescription. There are numerous nonmedical applications for the
EEG system.

MARKETS

ABM is addressing two markets:

e The traditional market for sleep diagnostics, where its lower cost and
easier to use system has competitive advantages.

e New industrial markets for undiagnosed OSA, where companies need
better knowledge about employees operating critical equipment.

According to NHLBI, approximately 20 million (6.6 percent) Americans
who suffer from OSA, approximately 90 percent are currently undiagnosed.?
The general market is therefore substantial. More specifically, companies whose
employees operate critical machinery—e.g., trucks, air traffic controls, trains,
etc.—are a very likely market.

National Sleep Foundation.
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ABM faces some significant challenges in marketing its products, even
though they address important problems. The ARES system is essentially de-
signed to replace current sleep diagnosis procedures, substituting inexpensive
and relatively convenient home diagnosis for expensive and inconvenient sleep
studies currently performed in hospitals.

Existing sleep diagnosis labs—potentially a major source of customers—are
firmly opposed to in-home studies because it will reduce their own income. Insur-
ance reimbursement for in-home unattended studies is inconsistent. Managed care
groups reimburse. The PPOs follow CMS’ lead and either don’t reimburse or at a
very low rate. CMS had a review of in-home unattended studies, and—according
to ABM—after substantial lobbying of the sleep labs, chose not to categorically
reimburse for these studies.

ABM is in discussions with two sleep labs to establish pilot projects that
augment rather than cannibalize the sleep labs revenue. ABM has a meeting
scheduled with CMS at the end of April to present the results of its study that was
funded by NIH (the largest study of its kind for in-home unattended studies).

The AMP system also faces substantial marketing challenges. ABM has es-
tablished a relationship with Waste Management, Inc., one the country’s largest
employers of commercial truck drivers. The pilot—which was to be implemented
using a Fast Track since rejected by NIH—involved using the ARES and AMP
on Waste Management drivers to 1) determine the level of undiagnosed OSA,
and 2) develop a model for incorporating sleep apnea screening into the biannual
fitness for duty physicals. The rejected application defunded the pilot, and ABM
is now seeking other mechanisms to implement this program. More generally,
addressing the problem of undiagnosed sleep apnea potentially opens companies
such as Waste Management to significant liability issues. This problem has not
yet been resolved.

Despite these difficulties, it is clear that ABM has successfully completed
the initial research phase for two complementary products, and is now entering
Phase IIT with both. Its current emphasis is acquiring the funding necessary to
implement its marketing strategy.

PATENTS

The company has been awarded 6 patents, funded primarily from founder’s
investment and the 7 percent fixed fee received from SBIR awards. All the patents
are based on work developed under the NIH SBIR program.

REGULATORY APPROVAL

Both of the company’s products have received the FDA CE mark after com-
pleting FDA clinical trials.
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PROGRAM MANAGEMENT
DIFFERENT ICS

ABM has had dramatically different experiences at different ICs, which it be-
lieves are entirely due to the capabilities and approaches of the different program
managers. ABM has had a very positive experience with one program manager,
but had problems with another who they believe has been, at best, unsupportive,
and does not provide the support that reflects NIH guidelines on collaboration
between program managers and companies. Short of changing its products and
research goals, ABM has not found a way around this program manager, and no
way to generate improvement.

ABM’s experience highlights the problem of using program managers as
gatekeepers without any tools in place to monitor their effectiveness, or in some
cases apparently to train them in relation to new programs.

FAST TRACK

ABM was encouraged by presentations made by Jo Anne Goodnight and
started submitting Fast Track applications almost from the start of the program,
but has had very mixed experiences at best:

(1) Fast Track Application 1. The application received a very high quality review,
which recommended splitting the application into Phase I and Phase 1. ABM
agreed and did so, receiving first a Phase I and then $1.2 million for Phase II,
where ABM noted the extensive help from the relevant program manager in
preparing a justification for the extra-sized funding.

(2) Fast Track 2. This award ran into major administrative problems. The Fast
Track was approved in March 2003. The Phase I work was completed in
August and a “streamlined noncompeting award process” (SNAP) report was
submitted (a short version report designed for projects that are not subject to
further competition). This is standard procedure for a Fast Track award and
was provided by the program manager in his/her instructions to ABM.
However, several problems developed:

e The total amount of the award was reduced by 5 percent by the review
committee because of their opinion that a key consultant was not needed.
After discussion with the program manager, the company submitted justi-
fication for the payment but the program manager said the review commit-
tee’s suggestion was final. If the company needed to pay the consultant,
they would have to rebudget form other areas.

* Even though the program is designed to avoid a gap in funding between
Phase I-Phase II, review of the Phase I report was delayed until after
October because the Institute needed the new fiscal year to begin in order
to have funds for Phase II.
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According to ABM, the program manager and the Institute conducted an
internal review of the Phase I and turned down the Phase II award due
to insufficient detail on what was accomplished in Phase I. (The inves-
tigators could easily have written a full Phase I final report but instead
provided the amount of information required by the SNAP submission as
instructed.) This notification occurred in November, approximately 2.5
months after ABM had notified their program manager that they began the
Phase I work that that the pre-award authorization would be used to re-
capture the funds. The program manager felt that was appropriate because
at the time the only delay was due to the new fiscal year. The company
wanted to push forward toward commercialization and since the award
was noncompetitive and because the company had met its Phase I goals,
there was no reason to expect this financial commitment might jeopardize
the company’s future.

After much negotiations with the NIH program coordinator (which in-
cluded reviewing with the program coordinator that he/she provided in-
structions to the company to submit the SNAP, preparation of a full
Phase I report, and subsequent re-review), this error was eventually re-
versed. Because the company had to stop work in November, approxi-
mately 12 of the subjects being studied had to be dropped and there was
a gap in funding from August when the Phase I ended until the following
February.

Although the funding was delayed and it interrupted some of the studies,
there was no compromise on the part of the program officer about the
number of subjects and other research issues. The net result was money
was allocated in a manner that reduced the benefits of the large study and
reduced the power of the data needed for commercialization.

(3) Fast Track 3. An application to take the technology developed during earlier
SBIR awards and apply it in to the needs of the trucking industry. An agree-
ment for a pilot implementation program was made with Waste Management,
Inc., one of the largest operators of commercial trucks.

An initial score of 320 meant substantial revisions were needed.

ABM resubmitted and was awarded a priority score of 274. Key criticisms
included some scientific objections, privacy concerns, issues to do with
drivers (social issues), and the lack of women in the study. To address the
concern of inadequate female representation, the company had to rewrite
the proposal to impose enormous potential costs on ABM including test
sites right across the country to increase the number of women in the
study. The percentage of female drivers at Waste Management is less
that 2 percent of 35,000 drivers. This stringent guideline applied to this
unique situation was, in the company’s view, mindless adherence to new
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guidelines designed to ensure that projects are not based on male-only
research (guidelines which ABM supports in general).

* ABM resubmitted the application a third time, but in a new year and with
an entirely new panel. This time ABM’s review was so poor, it did not
receive a priority score at all. One of the lead reviewers simply said that
he did not believe that sleep apnea was a widespread medical problem.
Because this was the third submission of the application, ABM was forced
to give up on this SBIR application.

The lessons from this experience seem to be that the Fast Track application
is not very well implemented, or at minimum people were not trained prior to
implementation. ABM endorses the concept of the Fast Track program. Given
the likelihood of obtaining a Fast Track award vs. Phase I and II, the fact that the
Phase II dollars are not set aside at the beginning, and misunderstandings about
the Fast Track, the company has decided to avoid this program in the future.

REVIEW PROCESS

ABM identified some substantial problems in the review process. The com-
pany has noted apparent changes at NIH in how priority scores are calculated, and
in the nature of reviewers—notably a pronounced shift toward quasi-commercial
concerns. Specifically—

e Beginning in 2003, the company noticed that reviewer comments (“pink
sheets”) no longer tracked closely with the scores.

* ABM believes that in recent panels, business people may have been over-
influencing panel reviews, even when they are not the primary reviewer.
The impact of business-based reviews may help to explain the apparent
disconnect betweens cores (generated form the panel as whole) and pink
sheets (generated primarily from lead reviewers).

e Study sections often suffer from substantial confusion between the func-
tions and objectives of ROls and R44s (SBIR awards). Section mem-
bers who are used to reviewing ROls are often not prepared for the
application-heavy focus of ABM’s applications.

e Reviewers are sometimes not properly briefed. In one case, for example,
a Phase I proposal was sharply criticized for not having a commercializa-
tion plan—even though no such plan is required for Phase I.

e Lead reviewers are sometimes not properly monitored. There appears to
be no process for assessing major biases (e.g., the second resubmission
on the pilot study).

e Panel memberships. Letters seeking to affect participants in study sections
do not work. ABM knows that in one case it explicitly asked for specific
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reviewers to be excluded for conflict of interest—and two of those review-
ers was the lead reviewer for their application.

e In arecent review, of both RO1s and R44s, the Committee gave ABM the
third highest priority score of 270. The best score was less than 200 and
the second highest score was between 200 and 270, both RO1s. ABM had
the highest R44 score. Over 65 percent of the grants received no priority
score.

COMMERCIALIZATION TRAINING

ABM has been a long-time participant in the San Diego Regional Technol-
ogy Alliance (SDRTA), and is now participating in the NIH commercialization
program operated by LARTA. Initial events were not especially helpful, but
ABM will be participating in a major technology showcase organized by LARTA
in May 2005, for which it has substantial expectations.

LARTA is currently funding a few hours a month from three business
consultants, all of whom are viewed fairly positively by ABM, and they have
provided some useful market research as well as a contact with Innovex, which
provides turn-key national sales forces to sell to physicians, although none has yet
provided a real potential partner—which is their primary assigned role.

ABM has also presented posters at the NIH annual conference twice, but in
neither case did any business connections result.

PHASE III

SBIR does not permit use of funds for marketing or market research, which
makes the transition to Phase III very difficult. ABM did receive CAL-TIP (state)
funding of $175,000, which the company said was crucial for the market research
necessary to get toward product launch.

AWARD FUNDING LEVELS

ABM’s experience is that applications for more than $1 million get reduced
during review.

PROGRAM MANAGEMENT

ABM believes that funding can be delayed when submitting in the April
funding cycle: This inevitably means getting caught up in delays in the review
process due to summer vacations and the end-of-fiscal year problems at NIH.
From a standpoint of counting on an SBIR grant to meet payroll, delay of funding
until October can be a significant disruption to a small company that is reliant on
the SBIR program as a primary funding source.
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However, this contradicts points made in interviews at other companies, who
noted that while funding is delayed to October, it does become available as soon
as the appropriation is passed, in contrast to funding allocated toward the end of
the fiscal year where there may be a liquidity crunch.

SBIR AND VENTURE CAPITAL

ABM has experienced mixed reviews of its SBIR awards from venture capi-
talists. Some write it off, others view the peer review process as a prohibitive
indication of research quality. Receiving more than $6 million in funding from
NIH gives ABM immediate legitimacy in discussions with funders, although VCs
always discount this funding in the course of valuation.

RECOMMENDATIONS

* Training program for reviewers (e.g., one-day, on a regional basis). This would
not only encourage a more standardized approach, perhaps based on a standard
curriculum. It could also encourage some potential participants who might oth-
erwise feel unqualified to become reviewers (e.g., Mr. Levendowski, an MBA
with scientific training).

* Accelerate shift to electronic submissions. ABM is very favorably impressed
by the DoD electronic submission process, in comparison to NIH.

* Improved program manager assessment. ABM felt strongly that final reports
and/or Edison submissions should include a report card for the program man-
ager concerned, and that NIH should have review processes in place to improve
or eliminate underperforming managers.

e Review. Commercialization reviews are a problem.

o ABM suggested that an online questionnaire might help companies answer
key commercialization questions, and would also highlight obvious problem
areas.

o ABM supported two phase reviews, with an initial screening by study sec-
tions focused entirely on science, and a second level screening of commer-
cialization plans for Phase II. Problems at the second level could then be
fixed within a single funding cycle, or applicants could be asked to resubmit
for commercialization review only, substantially shortening the entire ap-
plication process for many awards while improving quality and eliminating
many of the current problems with commercialization review.

e Commercialization. NIH could do much more electronic matchmaking. Rec-
ommended in particular that NIH implement technology that would permit
companies to update their own listings and identify information that is available
for review (e.g., business plans, results from Phase I or II, patent applications,
etc). Current listings are usually out of date and hence not used much by po-
tential partners.
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ADVANCED BRAIN RESEARCH—ANNEX

TABLE App-D-1 Advanced Brain Research NIH SBIR Awards-I

Funding
Fiscal Phase Award Institute-
Year  Type Size ($)  Project Title Center
1996  Phase I 99,980 Ambulatory, battery powered, physiological recording NS
1999  PhaseIl 543,000 Ambulatory brain monitoring device NS
2000  PhaseIl 204,167 Ambulatory brain monitoring device NS
1997  Phase I 99,940 Alertness quantification system using normative indices NS
1999  PhaseIl 798,773 Alertness quantification system using normative indices NS
2000 PhaseIl 276,228 Alertness quantification system using normative indices NS
1997  Phase I 99,400 Portable self-applying drowsiness detection device NS
1999  PhaseIl 365,994 Portable drowsiness monitoring device NS
2000 PhaseIl 41,556 Portable drowsiness monitoring device NS
2000  PhaseIl 347,762 Portable drowsiness monitoring device NS
2001  PhaseI 125,306 In-home sleep apnea risk evaluation system HL
2002  PhaseIl 838,890 Validation of In-Home Sleep Apnea Risk Evaluation HL

System
2003  Phase Il 318,195 Validation of In-Home Sleep Apnea Risk Evaluation HL
System

2002  Phasel 139,428 Biobehavioral Measurements of Alertness in Sleep Apnea  HL
2003  PhaseIl 691,925 Automated Detection of Sleep Disordered Breathing HL
2003  PhaseIl 683,352 Biobehavioral Measurements of Alertness in Sleep Apnea  HL
2001 Phase 1 99,991 Drowsiness Detection: Effects of Feedback Based on EEG MH
2001  Phase I 99,994  Novel systems to evaluate sleep apnea and vigilance HL

NOTE: For a list of codes for National Institutes of Health institutes and centers, see Box App-A-1.

SOURCE: Advanced Brain Research.
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TABLE App-D-2 Advanced Brain Research NIH SBIR Awards-II

Funding
Institute-
ABM Grant Award Center or
Name Description Size ($) Start Date  Agency
ABMD—I Solid state digital recorder 99,831 11/1/1996 NS
Drowsy—I Quantify sleep onset 99,648 5/1/1997 NS
Alertness—I Quantify states of alertness 99,940 3/1/1988 NS
Drowsy—II Quantify sleep onset—Ilarge clinical study 755,312 1/1/1999 NS
ABMD—II Wireless EEG system 747,167 5/1/1999 NS
Alertness—II  Clinical and validation studies 1,075,001 6/1/1999 NS
ARES-A—II  Prototype ARES and baseline AMP for OSA 99,994  1/1/2001 HLB
CAPTIP Commercialization and EEG sensor 175,000 1/1/2001 HLB
production

ARES-B—I ARES Questionnaire 125,306  8/1/2001 HLB
DMD—I Assess real-time recognition of sleep onset 99,991 8/1/2001 MH
ARES-A—II  Development of ARES & clinical studies 1,157,083 1/1/2002 HLB
AMP—I Development of AMP 139,428  3/1/2002 HLB
AMP—II AMP Clinical Studies 968,669 4/1/2003 HLB
ARES-B—II  Enclosure, Nasal Pressure, clinical studies 978,327 7/1/2003 HLB

Total NIH 6,620,697
DARPA—I Assess workload 50,715 5/1/2002 DARPA
DARPA—II.a  Assess workload 100,000 1/1/2003 DARPA
DARPA 1I.b Assess workload 250,000 1/1/2004 DARPA

Total DoD 400,715

Total grants awarded 7,021,412

NOTE: For a list of codes for National Institutes of Health institutes and centers, see Box App-A-1.

SOURCE: Advanced Brain Research.
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Advanced Targeting System, Inc.?

Robin Gaster
North Atlantic Research

EXECUTIVE SUMMARY

Background

ATS is a small biotech company located in San Diego. Unusually, it has had
a strong product line since inception in 1994, and currently offers more than 40
products for sale on its Web site.

The company is based on the application of targeted toxins to neuroscience,
where the selective approach offered by what the company calls Molecular Neu-
rosurgery offers obvious advantages if successful.

Initial products have been sold to other research companies, but the company
is now reaching the clinical trials stage for products aimed at addressing chronic
pain. The American Chronic Pain Association (ACPA) estimates that one in
three Americans (approximately 50 million people) suffers from some type of
chronic pain.

Future research will focus on ways of enhancing the company’s current ap-
proach, so as to permit cell modification via cytotoxins, beyond the current tools
which allow selective elimination of cells only.

ATS is currently seeking partnerships/funding for clinical trials of chronic
pain technologies, partly through participation in the commercialization assis-
tance program operated for NIH by LARTA.

SBIR History and Status

ATS has used SBIR since its inception. It has received two long running
Phase II awards, one new Phase II in 2003, and also one of the first CCAs in
2003. ATS has received three additional Phase I awards.

Key Utilization of SBIR

ATS has funded its research primarily through SBIR awards. New fund-
ing is now being used for the toxicology/safety testing phase of FDA approval
process.

3Interview: At ATS in San Diego, February 24, 2005, with Dr. Douglas Lappi, President and Chief
Scientific Officer. Dr. Lappi is a co-founder of ATS.
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Outcomes:

e Numerous products (more than 40).

e Current research supported by SBIR: focused on chronic pain, a major
quality of life issue for one in three Americans.

e Many scientific papers.

* Two patents.

* Partnerships with major medical research centers and academics.

e “Profound addition” to knowledge in the field of chronic pain.

Key issue/concern: resolving the Phase III funding problem.

Recommendations:

e Phase III: the neuroscience-funding institutes at NIH should collectively
fund a research hospital for clinical trials, similar to that funded by
NCI.

* Size/duration. No additional funding for Phase I.

* Funding cycles. Eliminate the 2-year window for Phase I winners to apply
for Phase II.

* Direct to Phase II. Companies should be allowed to compete directly for
Phase II without previous Phase 1.

BACKGROUND

ATS was founded in April 1994 by Douglas Lappi, Ph.D. and Ronald Wiley,
M.D., Ph.D. (Scientific Advisor), initially for commercial development of ideas
and products developed in their academic labs.

ATS is located in an R&D hub (San Diego), is not woman- or minority-
owned, is small (9 employees), has been funded internally and by SBIR, has won
several SBIR awards but is not a top-20 award winner, and has reached market
with its products. ATS has received SBIR awards only from NIH.

FOUNDER/COMPANY HISTORY

Douglas Lappi began work in the field in the 1970s. He worked on targeted
toxins focused on cancer, but could not interest previous employers in his ideas
for targeting toxins on the brain. He has extensive experience in laboratory work.
His two partners are Ron Wylie, Chief of Neurology at the Veteran’s Administra-
tion Medical Center, and Professor of Neurology and Pharmacology at Vanderbilt
University, Nashville, TN, and Denise Higgins (VP Business Development),
previously at the Salk Institute with Lappi.

Wylie’s key insight, according to Lappi, was that “cancer people could learn
nothing from us, but we could learn a lot from them.” Essentially, there were
many possibilities for applying the science of targeted toxins from cancer to neu-
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rological research. The field of targeted toxins and the brain was largely ignored
by mainstream research, and the company was started in 1994 with a specific
focus on selling targeted agents, especially for neurological research.

Company products were immediately well received by biotech companies. In
1994, at the Society for Neuroscience annual meeting, the ATS poster and booth
showed the first use of the 192-Saporin by an independent researcher Dr.Waits
at Rutgers University. Lappi says that this was a “thunderbolt” in the field, as
researchers had been waiting for this capability for years.

As aresult, the first month of product release in 1994 generated “huge” sales,
which the company surpassed on a monthly basis only recently.

ATS does not disclose revenues.

TECHNICAL FOCUS

ATS is focused on implementing known techniques in neuroscience by
means of new mechanisms. Lesioning of a region by surgical means and ob-
serving the effects is a well known and widely used technique in neuroscience
research and medicine. ATS aims to provide similar outcomes by application of
specific cytotoxins (essentially, using chemistry instead of surgery, with—if suc-
cessful—much greater specificity and control).

ATS calls the new technique Molecular Neurosurgery (MN). The first ATS
MN product (192-Saporin) is now in use in laboratories world-wide.

PRODUCTS

The ATS product line includes targeted toxins, antibodies, and custom ser-
vices for assisting neuroscientists in studying nervous system function, and brain-
related diseases and disorders.

ATS has had products on the market from its first month of operation, and
was first to market with cytotoxin research reagents, which are sold to other bio-
tech researchers primarily in the neurosciences. This is a niche market, and as
presumably of limited interest to larger companies, although ATS understands a
larger company could enter the market at any time. Its original partner, Chemi-
Con did compete for a while but has left the market. ATS has protected its posi-
tion through two patents.

ATS currently offers a large number of products through its online catalog,
which lists 20 targeted toxins, four control conjugates, six secondary conjugates,
eight proteins and peptides, and four fluorescent conjugates, and more than 25
other neuroscience products, as of March 2005.
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EMPLOYMENT

The company began with one full-time employee. The first Phase II award
allowed ATS to hire one additional person. Currently, ATS has nine staff
members.

COMPANY STRATEGY

ATS is emphatically not a pharmaceutical company. It is too small, and the
company does not intend to g