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Abstract

This report presents a statistical picture of progress in early1998 as reported by 539 organizations
which received ATP awards during the period from 1993 through 1997. Using data collected
through the ATP' s Business Reporting System (BRS) in reports filed during the year ended March
31, 1998, the report examines plans for commercialization for evidence of opportunities for
economic spillovers and national economic benefit; it provides indicators of ATP's effect in
accelerating R& D, stimulating collaborations, and increasing private-sector investment in high-risk
technology development; and it examines progress of ATP-funded technologies during the award
period. Thereport updates the December 1997 ATP report Devel opment, Commercialization, and
Diffusion of Enabling Technologies: Progress Report for Projects Funded 1993-1995.

The study provides evidence that the ATP has funded projects with considerable opportunity for
broad economic benefit. More specifically, participantsin 261 projects have identified more than
1,200 potential uses of their technol ogies under devel opment, and outlined business plansfor nearly
1,000 of these. Acceleration of R& D, and collaboration with other organizations for R& D and for
commercializing their technologies, are reported by 86 percent of participants having received at
least one year of ATP funding. Industry has increased its own investment in the ATP-funded
technology development areas by over $300M, representing a 58 percent increase over what would
have been invested from industry sources without the ATP awards. Seventy-three percent of
organizations report that they are able to undertake a project of higher technical risk as aresult of
ATP funding.

Although substantial commercialization resultsfrom ATP-funded projectswill usually take anumber
of years after ATP funding ends, considerable business planning activity is underway and many
companies report achievement of early commercialization milestones. Sixty-four percent of projects
have completed a production prototype for at least one application; 17 percent of companies report
earning revenues from their ATP-funded technology.
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Preface

TheAdvanced Technology Program (ATP), administered by theU.S. Commerce Department'sNational
Institute of Standards and Technology (NIST), partners with U.S. industry to fund the devel opment of
high risk and enabling technologies, with significant potential for stimulating U.S. economic growth.
Industry submits proposals containing a research plan for the work to be performed, an explanation of
how the nation will benefit broadly from the new technical capability, a business plan for future
commercialization of at |east some of the goods and servicesthat may derivefrom thetechnol ogy, plans
for diffusing the technology beyond the innovators, and a project budget indicating the proposed cost-
share arrangement. Through a highly competitive peer review process, involving a mix of technical
experts from government laboratories, and business and economic experts from the private sector and
government, projects with both high technical and business/economic merit are selected for funding.
The ATP costs shares with industry the R& D costs of the award-winning projects; the companies are
fully responsible for business planning and product development costs.

The ATP provides funding for both single-company and joint-venture projects. Eligiblejoint ventures
consist of aminimum of two for-profit companies participating in the R& D and contributing cost share,
and may contain additional companies, universities, or research organizations. Only U.S.-owned
companiesor U.S. subsidiariesof foreign-owned companiesareeligibleto receive awards and the latter
only if they meet certain tests. Single company proposers may receive funding of up to $2 millionin
direct costs over three years and must cover their own indirect costs. (Beginning in 1998, large single-
company proposers-- Fortune 500 or equivalent -- must cover at least 60 percent of total project costs.)
Joint ventures may propose aproject of any sizefor up to five years of funding but must cover morethan
50 percent of total project costs.

Sinceitsfirst congressional appropriation in 1990, the Advanced Technology Program has funded 468
projects, with over 1,000 participating organizations across amix of 311 single company projects and
157 joint venture projects; and over 1,000 organizations in subcontract relationships. Project awards
amount to $1.496B, with industry committing an additional $1.499B in cost share.

Thisreport usesthe ATP sBusiness Reporting System (BRS) to update the ATP report Devel opment,
Commercialization, and Diffusion of Enabling Technologies: Progress Report for Projects Funded
1993-1995, published in December 1997. The average stage of evolution for the portfolio of projects
funded since FY 1993 aged by approximately ayear and a half between the first and second reports. A
new chapter entitled “ Changesin Competitiveness’ hasbeen added. A direct comparison of resultsfrom
the two reports for a number of major indicators of progressis provided in Appendix B.

This report is offered as one component of ATP' s on-going evauation program, which provides
feedback to ATP management and meets the many outside requests for program performance
information. Other studies by the Economic Assessment Office (EAO) staff and outside contractors
include detailed case studies of ATP-funded projects, statistical and econometric studies, status reports
on the accomplishments of completed projects, methodological studies, and other topics of interest to
the evaluation community. For copies of EAO reports, see “publications’ at the EAO Web site
(http://www.ea0.atp.nist.gov), or contact the EAO directly at (301) 975-4332.

NIST Disclaimer: Certain commercial firms and trade names are identified in this report in order to
specify aspects of the NIST Advanced Technology Program. Such identification is not intended to
imply the recommendation or endorsement by the National Institute of Standards and Technology, nor
isit intended to imply that related products or services are necessarily the best available.
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EXECUTIVE SUMMARY

This report provides a statistical overview of progress reported by hundreds of companies and other
organizations which received awards from the ATP between 1993 and 1997. The report annotates the
statistics with comments from project participants. The information is based entirely on Business
Reporting System (BRS) reports to the ATP filed by 539 individual organizations through March 31,
1998. While not all the companies and projects are progressing at the samerate, the statistical analysis
presented here provides an overview of the level of progress towards research and commercialization
goals of alarge group of ATP award recipients.

Progress reports from individual firms, and aggregate summary statistics of progress for the group of
projects provide evidencethat the ATPis(a) providing opportunitiesfor economic spilloversand broad
national economic benefit; (b) accelerating R&D and reducing time-to-market in highly competitive
markets; (c) stimulating collaboration and the effects thereof; (d) increasing private sector investment
in high risk technol ogy devel opment; and (€) encouraging progresstowardsultimate commercialization
of the resulting technologies.

Opyportunities for economic spillovers and national economic benefit:

» Early onin their projects, participants are identifying plans to commercialize their ATP-funded
technologies in diverse applications.

- Participantsin 261 projects have identified more than 1,200 different applications (or uses)
of the technologies under development, providing evidence that the technologies funded by
ATP are highly enabling.

- Companies indicated that they are pursuing commercialization of nearly 1,000 applications
spanning the spectrum of industries.

- Most of the technologies under development offer new types of solutionsto market needs or
substantial performance and productivity improvements over existing capabilities.

- Most of thetechnol ogiesunder development feed into the early stages of the production chain,
creating agreater opportunity for intermediate producersand downstream customersinmultiple
application areas to benefit from market spillovers.

»  Patent and copyright activity and dissemination of knowledge created with ATPfunding have been
vigorous for many projects.

- About 240 new patents have been filed, representing an average of 1.2 patents per project for
the period covered. Thus far 23 patents have been issued. Patent and copyright activities
facilitate dissemination of knowledge through patent disclosure and provide additional
commercialization opportunitiesby othersthrough licensing arrangements. Licensingto others
isaprimary or secondary strategy for commercializing 47 percent of the planned applications.

- An average of 3.6 conference papers were presented and 1.3 professional journal articles
published per project during the period covered. Conference activity and publication of papers
were particularly vigorousin some projects. Publicationsfacilitate the broad dissemination of
knowledge developed in ATP projects.

Development, Commercialization, and Diffusion of Enabling Technologies: Progress Report



Acceleration of R& D and reduction of time-to-market in highly competitive markets:

e ATP funding increases the chances that new technologies will be ready in time to meet critical
windows of opportunity in the marketplace.

- Speed-to-market is considered "critical” or "important” for 98 percent of the commercial
applications. Thewindow of opportunity for successful entry into the marketplaceisperceived
by the companies as two years or less after the ATP funding ends for 73 percent of currently
identified applications.

- Eighty-six percent of organizationsindicated they are ahead intheir R&D cycle asaresult of
ATPfunding; of these, 24 percent believe they would not have started the project at all without
ATP funding; most of the remainder say they would have proceeded at a significantly slower
rate without ATP funding.

- Acceleration by two years or more is anticipated for 65 percent of planned commercial
applications.

Stimulation of Collaborations and Collaboration Effects:

« The ATP is stimulating collaborative relationships among companies, universities, and other
research organizations.

- For the projects that have completed at least one year, 86 percent of the organizations
reporting indicated that their ATP project involved collaboration with other organizations.
Among these, 88 percent indicated that the ATP was responsible to amoderate or great extent
for their collaborations.

» Benefitsof collaborating were reported by afar larger percentage of those reporting collaborative
relationships than costs, suggesting that collaboration is having a largely positive influence on
technology development. Of those reporting collaboration:

- The most frequent effect of collaboration, reported by 97 percent of the organizations, was
that it helped stimulate creative thinking.

- Other important effects reported included helping them save time, helping them obtain R& D
expertise, accelerating entry into the marketplace, and encouraging them to undertake future
collaborations.

- As might be expected, collaboration can cause higher project management costs. Fifty-six
percent reported a significant or moderate increase in project coordination costs.

- Other costs of collaborating were reported by a minority of companies: significant or
moderate delays in beginning the R& D due to collaboration were reported by 18 percent, and
time delays in market entry as a result of collaboration difficulties were reported by eight
percent.

- Of the 86 percent of organizations reporting collaboration with other organizations, nearly all
indicated significant or moderate benefits from one or more collaboration effects, compared

Development, Commercialization, and Diffusion of Enabling Technologies: Progress Report



Vi

with 56 percent who indicated moderate or significant increase in project coordination and
management Costs.

In addition to R& D collaboration, ATP-funded companies are planning and pursuing alliancesto
commercializetheir technol ogies, with small companiesparticularly focused onthisstrategy. One
hundred fifty-six strategic allianceshave been formed, and 42 license agreements have been signed
for the purpose of commercializing technologies developed in ATP projects.

Increased investment in high risk, long-term, broader-scope technology devel opment:

With the assistance of ATP funding, organizations are pursuing different R& D than they would
have undertaken without ATP funding.

- Seventy-three percent of organizationsreport that they are pursuing ahigher level of technical
risk as aresult of the ATP. Sixty-seven percent report that ATP funding has increased their
interest in performing long-term research, and 61 percent report their project encompasses a
broader scope as aresult of the ATP. (These effects are in addition to the accelerated pace
mentioned earlier.)

- For 30 percent of applications anticipating a performance or cost improvement, performance
improvements of 100 percent or more are anticipated. Cost reductions of 25 percent or more
are anticipated for 40 percent of these applications. Expectations that large improvements in
performance or large reductions in production costs will result from the ATP-funded projects
are evidence that industry is pursuing "discontinuous’ or "breakthrough” innovations, and
suggestive of relatively risky R&D.

- Thirty-eight percent of applications are considered by the project participantsto be "new-to-
the-world" solutions to a market need or problem with the potential to create totally new
markets, another indication of the*” breakthrough” nature of the ATP-funded innovation. Many
companiesplanto utilizetheir ATP-funded technology inamix of " new-to-the-world" products
and cost reduction and performance improvementsin existing products, processes, or Services.

ATP funding has encouraged organi zationsto invest more of their own industry fundsin the ATP-
funded technology areas than they would have otherwise.

- Industry has increased its investment in the ATP-funded technology development areas,
beyond what would have occurred in the absence of the ATP awards, by an estimated $320
million; i.e., across the group of projects, companies have expanded the scale of their R&D
effortsinthe ATP-funded areas by the amount of ATPfunding received plusan additional $320
million, in addition to what they would have put into the effort without ATP. Thisrepresents
an estimated 58 percent increase in industry funding in addition to the ATP funding.

- The ATP-funded companies have attracted $200 million of new funding from outside sources
to support their ATP-related development or commercialization work.

Progress towards commer cialization of ATP-funded technologies:

Progress is being made towards developing new capabilities and achieving cost savings through
new and improved processes.

Development, Commercialization, and Diffusion of Enabling Technologies: Progress Report



Vil

- Fifty-four percent of the companies, representing 66 percent of the projects, report they are
now able to make a new or improved product, even though the product may not yet be ready
for the marketplace.

- Thirty-nine percent of companies, representing 51 percent of the projects, report they have
already adopted process improvements resulting from their ATP technology.

»  Companies are engaging in commercialization planning activities, at their own expense, in order
to enter the marketplacein atimely manner, once thetechnology isready. (ATPfundsR&D only.)

- Companiesin 84 percent of the projects have completed product/processdefinition for at |east
one application; companiesin 70 percent of the projects have completed concept testing for at
least one application of their technology; and concept testing has been conducted for 44 percent
of all applications being planned by the ATP-funded companies.

- Companiesin 63 percent of the projects have conducted other market analysis activities, for
example, sales forecasting or related product development or testing.

- Sixty-four percent of projects have completed a production prototype for at least one
application, and 55 percent of projects have completed pilot production or a commercial
demonstration.

- Actual production of productsis aready underway for 22 percent of the projects and for 10
percent of the planned commercia applications (although not necessarily for the most
significant applications).

- About 17 percent of companies, representing 27 percent of projects, indicatethey have earned
early product or service revenues, amounting to more than $67 million, typically from sales of
samples and prototypes and early “ spin-off " activities. Six percent of projects have earned $5
million in licensing royalties.

- The large revenue flows lie in the future. Revenue is expected for about 19 percent of
applications and 18 percent of companies before the end of the ATP project, and not until four
or more years after the ATP project endsfor nearly 8 percent of applicationsand 12 percent of
projects. For most, revenueis expected for most within four years after the ATP project ends.

 Most ATP-funded technologies are keeping pace with developments in fast-paced international
markets. Fifty-five percent of companies report their overall competitive standing is unchanged,
and forty-two percent report their overall competitive standing has improved for at least one
application. A number of companiesbelievetheir competitors are advancing onthemandin afew
cases have caught up with them.

Taken as a whole, the results of this report strengthen the results of earlier studies by increasing the
robustness of statistical evidence that the ATP is making solid progress towards achieving its mission
of economic growth through technological advancement. The BRS is atool that allows the ATP to
capture developments in the short-mid-term and report on the evolution of ATP-funded technologies
towards commercialization and the generation of national economic benefits.
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1. THE ATPSBUSINESS REPORTING SYSTEM:
A TOOL FOR ECONOMIC EVALUATION

Overview of ATP’s Evaluation Program

Program evaluation has been a central component of ATP operations from the beginning, first, as a
management tool to provide feedback to project selection and program operations; and, second, to meet
requests from external sources for ATP program results. ATP's founding legislation dictated that
evaluation be afeature of the program. In addition, the ATP, like other federal programs, is subject to
the evaluation requirementsof the 1993 Government Performanceand ResultsAct (GPRA). TheATP's
leadership in devel opment of eval uation methodol ogies has been recogni zed through the many inquiries
about its evaluation tools and methodologies from other agencies, as well as from science and
technology funding programs in other countries.

The ATP has developed a multi-component evaluation strategy to provide measures of progress and
performance matched to the stage of project evolution; i.e., for the short-term, from the time of project
selection and over the course of the ATP-funding period; for the mid-term, ascommercial applications
are pursued, early spin-off products reach the market, and dissemination of knowledge created in the
R& D projectsoccurs; andfor thelonger-term, asmorefully-devel oped ATP-funded technol ogiesdiffuse
across multiple products and industries, with related net impacts on formation of new industries, job
creation, and U.S. economic growth.

Short-mid term eval uation components have included 1) descriptive (statistical) profiling of applicants,
projects, participants, technologies, and applications and 2) measures of project progress and
performance. This report presents progress measures for projects funded from 1993 through 1997.

Overview of the Business Reporting System

In the early years of the program, the ATP relied on third-party surveys of projects to determine their
progress and performance against short-mid-term program objectives. In early 1994, the ATP
implemented the Business Reporting System (BRS), a comprehensive data collection tool for tracking
progress of the portfolio of projectsagainst business plansand projected economic goals. Organizations
participating in ATP projects report directly to the ATP on their progress as they build upon and
implement the plans presented initially in the project proposals. The survey system, electronically
administered, has been implemented on a routine and regular basis for projects selected in the 1993
competition and since, from their inception. For maximum detail concerning the multiple
commercialization activitiesof joint venturemembersand to ensure confidentiality of eachjoint venture
member’s plans, data is collected at the individual participant level (from individua companies,
universities, and not-for-profit organizations) within a project.

The survey information collected through the BRS comprises part of the integrated ATP database
framework. Itisintended for usefor ATP project management, aswell asby researchersfor performing
evaluation research. Over time, the datais expected to support comprehensive analyses of the behavior
of firms conducting advanced R&D and developing new technologies; of business progress; and of
diffusion of economic benefits.
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The Business Reporting System consists of five major parts:

e ABasdline Report. At the beginning of the project, in the Baseline Report, companies identify
potential areas of application of the technol ogy being developed with ATPfunding. They identify
guantitative business goals, including cost or performance targets, key attributes of the technology
needed to achievethese goal's; planned strategiesfor commercialization; e.g., in-house production,
licensing, and strategic alliances. They outlinetheir strategiesfor protecting intellectual property;
and identify their plans for disseminating non-proprietary information.

* Anniversary Reports. Annualy, inthe Anniversary Report, companies expand upon the baseline
information to cover progresstowardsimplementing commercialization strategies. They report on
early economic impacts of the project, as well as collaboration experiences, attraction of new
funding, new intellectual property created, and dissemination of information through conferences,
publications, and other mechanisms. They aso provide a summary of company financial data.

» Quarterly Reports. At the end of each quarter, other than the baseline and anniversary quarters,
companies report one or more significant business developments related to their ATP project.

e Close-out Report. At the project conclusion, in the Close-out Report, companies update
Anniversary Report information and identify remaining technical and business barriers to
commercialization of the technology, define specific business goals for the following five-year
period, and indicate expected future effects of the ATP project outside that organization.

»  Post-project Reports. Followingtheend of ATPfunding, companiesreport threetimes--onceevery
two years -- concerning actual progress in commercializing the technology and related impacts
inside and outside the organization.

Companies funded in FY 1993 and later are required to submit these reports under the terms and
conditions of their ATP awards. Under ATP's agreements with project participants, al information
reported through the BRS is considered proprietary and confidential. Information is released and
published only inaggregate, summary statistical form, or in quoteswithout attribution, unlesscompanies
agree to disclosure or the same information is available from company press rel eases.

It is recognized that surveys conducted by the ATP of its awardees may result in some self-reporting
bias. Nevertheless, such instruments are essential to capturing, on aportfolio-wide, standardized basis,
the rich and varied experiences of companies engaged in ATP-funded technology development, and
subsequent commercialization and technology diffusion. The BRS survey instruments are subjected to
extensive review for questioning bias;, data are routinely reviewed for validity, quality, and
completeness; and analytical results are subject to extensive NIST-wide review and critique before
publication. Responserates have been high—nearly 100 percent for recipientsof single-company awards
and 80 percent for participantsin joint-venture projects. Recently, the ATPhasinitiated research efforts
to corroborate itsdata collected from project participantswith datafrom independent sourcesand to use
control groups where feasible.
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About This Report

Thisreport provides asnapshot as of 1998 of plansand progress of projectsfunded in competitionsheld
from 1993 through 1997, and of the pathways to achieving impact. It provides measures of program
performance against major short-mid-term ATP goals: the funding of high-risk, enabling R&D and
stimulation of private-sector investment in the same; the stimulation of effective R& D collaborations;
the acceleration of technology development; and evidence of spillover knowledge and
commercialization activity. This report updates the December 1997 ATP report Development,
Commercialization, and Diffusion of Enabling Technologies: Progress Report for Projects Funded
1993-1995. Thecurrent report extendsthe coveragefrom projectsand participantsfunded from FY 1993
through FY 1995 to those funded through 1997, and it extends the analysis of progress from December
1996 through March 1998. Appendix B provides a summary picture of progress of the ATP at two
pointsin time for some key measures and thus captures some of the evolution of the program over the
period.

The report draws on the most recent BRS reports filed by participants in the reporting system as of
March 31, 1998. Table 1 illustrates the number of projects and participants covered in these BRS

Table 1. Source of Data: Most Recent BRS Reports filed As of March 31, 1998

1990- 1993 1994 1995 1996 1997 1998 Total
1992
Number of ATP Awards Announced 60 29 88 103 8 64 79 431
Total Awards Announced 1993-1997 292
In BRS--Number of PROJECTS with
reports available as of March 31,
1998:
Baseline Report Only 1 7 54
First Anniversary Report 1 3 12
Second Anniversary Report 2 28 68 199
Third Anniversary Report 2 3
Close-out Report 22 43 15
Total BRS PROJECTS 261
Number of PARTICIPANTS in ATP 150 50 211 318 12 101 168 1010
Awards announced (as of award date)
Total Number of PARTICIPANTS in 692
1993-1997 Awards
In BRS--Number of PARTICIPANTS
with reports available as of March 31,
1998:
Baseline Report Only 1 7 19 9 79
First Anniversary Report 1 18 72
Second Anniversary Report 4 87 128 424
Third Anniversary Report 11 8
Close-out Report 28 50 17
Total BRS PARTICIPANTS 539
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reports, broken down by the number of reports of each type -- Baseline, Anniversary, and Close-out.
For reference, the number of ATP awards and project parti cipants announced each year are also shown.

The 261 projectscoveredincludeall ATP awards made during the 1993-1997 period, with the exception
of 21 projects since cancelled and 10 FY 1997 projects that had not yet started as of March 31, 1998.
The projectsfundedin FY 1998 are not included because the awards had not been made as of March 31,
1998. The 60 projectsfunded between 1990 and 1992 were funded prior to implementation of the BRS.
The difference between the 539 participants covered in the BRS data and the total of 692 participants
inthe FY 1993-1997 awards, reflects several factors. 1) cancellation of 21 projects; 2) changesin joint
venture membership over the course of the awards; 3) limitation of BRS reporting to major participants
for afew very largejoint venturesand exclusion of non-profit organizationswith apurely administrative
function, 4) late start of 10 FY 1997 projects,; and 5) some late reports.

Figure lillustratesthedistribution of typesof organizationsand typesof ATP projects(single-company
or joint venture) included in the BRS data as of March 31, 1998. All the organizations had provided at
least an initial Baseline Report by March 31, 1998, even if some had not yet reported actual progress.
Reports from these organizations provide the basis for analyses of business plans and goals presented
in Chapter 2.

Figure 1. Distribution of Types of Participation and Types of Organizations

Types of Project Participation Types of Organizations
(539 Organizations) (539 Organizations)
Non-profits &

Gov't Labs
5%

Universities
5%

Single
Applicants

Large
Businesses**

52% 28%

Joint
Venture
Participants
68%

Medium
Businesses
21%

Notes: * Fewer than 500 employees.
** Fortune 500 or equivalent as of Fortune 500 listing published April 1997.

Source: Business Progress Reports from 539 organizations in 261 ATP projects funded 1993-1997.
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The subgroup of organizations reporting actual commercialization progress or other effects of ATP
funding after one or more years of funding represent those shownin Table 1 ashavingfiled at |east one
Anniversary Report or a Close-out Report. They are described further in Figure 2 and include 424
participantsin 199 projectsthat had provided Anniversary or Close-out Reportsafter oneor moreyears
of ATP funding. Reports from these organizations provide the basis for analyses of actual progress
towards project goals and other effects of ATP funding presented in Chapters 3 through 8.

Most for-profit companies report some degree of commercialization progress. This attention to
commercialization even duringthe ATPfunding period isconsistent withthe ATP'smodel that requires
companies to set commercia goals up front, and to integrate plans for their R& D goals and for their
business/economic goas from the outset. Most universities and non-profits do not plan to
commercialize their ATP-funded technologies but have reported on other effects of ATP funding.

Figure 2. Distribution for Organizations That Had Completed One or More Years of
ATP Funding

Types of Project Participation Types of Organizations
(424 Organizations) (424 Organizations)
Non-profits &

Gov't Labs
6%

Universities
5%

Single
Applicants
30%

Large
Businesses**
31%

Joint
Venture
Participants
70%

Medium
Businesses
22%

Notes: * Fewer than 500 employees.
** Fortune 500 or equivalent as of Fortune 500 listing published April 1997.

Source: Business Progress Reports from 424 organizations in 199 ATP projects funded 1993-1997
after one or more years of ATP funding.
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Figure 3. Technologies Under Development
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Source: Business Progress Reports from 510 organizations in 257 ATP-funded projects 1993-1997.

LEGEND for Breakdown of Technology Areas
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2. PATHSTO NATIONAL ECONOMIC BENEFITS

This chapter describes the pathways through which projects funded 1993-1997 are expected to achieve
national economic benefits. Along thedirect pathway, companieswill bring new productsand services
into the marketplace, will use ATP-funded process technologiesin in-house production, or will license
their technol ogy to other companies. Benefitswill spill over to customers, licensees, and end users. At
least one for-profit company in nearly all projects has reported such plansfor one or more applications
of the ATP-funded technologies. Most universities, non-profits, and government laboratories in joint
venture projects, as well as many of the companies, have reported plans for dissemination of non-
proprietary information concerning technology developed with ATP funds, an important indirect path
to economic impact.

Development of Technologies with Diverse Applications

The projects covered by this report include 95 projects funded through annual General Competitions
open to all technology areas and 166 projects funded through focused program competitions. Many
projects and entire Focused Programs, consisting of sets of related projects, involve an interdisciplinary
mix of scienceand technology fields. ATP-funded interdisciplinary technol ogiesoften enable economic
activity acrossmultipleindustries. Other projectsaretied more narrowly to asingletechnology areabut
the performance gains over existing methods are so dramatic they help spawn entirely new areas of
economic activity and industries.

Figure 3 summarizes the technologies according to their multi-level code assignments. Projects are
grouped into broad technology areas and then further broken down into categories more descriptive of
the project focus. Thirty-two percent of the projectsdirectly involve I nformation Technol ogy/ Computer
Systems, either hardware or software. Discrete manufacturing, materials and biotechnology comprise
major parts of the remainder. These four areas of concentration reflect the fact that 20 of the 22 ATP
Focused Program areas funded in FY 1995-1997 involve substantial information technology,
biotechnol ogy, material s processing and manufacturing technology. (Thisdistribution differssomewhat
from other technology classification charts published by the ATP because the distribution shown in
Figure 3 (a) reflects only the projects funded in FY 1993-1997; (b) reflects R&D activity at the
organization rather than the project level; and (c) is based purely on the number of organizations
working in agiven technology area, not on the relative amount of funding to the technology area. The
distribution of technologies reported here is based on the classification system used by the ATP for
projects funded through FY 1998. The ATP revised its technology classification in 1999.)

A second-tier analysishel psreveal theinterdisciplinary component of many ATPprojects. For example,
Figure 3 shows that 10 percent of the work in Manufacturing (Discrete) involves "intelligent”
manufacturing; 15 percent of the work in Information/Computer Systems is hardware. A third-tier
analysis (not presented) would show that computer hardware has a strong €l ectronics component; e.g.,
digital data storage. This next level of analysis also would reveal the overlapping of projects across
disciplinesand thedifficulty of classifyingthem. Forinstance, some computer systemscomponentsand
related manufacturing technologies are assigned to the Electronics category; e.g., Displays and
Semiconductorsand Microel ectronic Fabrication technology. (ATP srevised technology classification
for FY99 and later projects reclassifies computer-related hardware to the electronics category.) A
number of biotechnology projects intermingle development of materials and el ectronics technol ogies.

About 470 project participants have identified more than 1,200 applications of the technol ogies under
development and provided an outline of a commerciaization plan for over 970 of these
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Figure 4. Planned Diverse Applications of ATP-funded Technologies

Example: ATP-funded MATERIALS technologies
support applications in numerous industry sectors

4

MATERIALS
13%

Other Industrial Machinery
(SIC 13, 16, 31, 32, and Equipment

34,38,80,...) (SIC 35)
32% 29%

Transportation
Equipment
(SIC 37)
15%

Chemicals &

Allied Products
(SIC 28)

9%

Rubber &
Miscellaneous
Plastic Products
(SIC 30)
15%

Note: "Other" SIC categories are defined in Appendix A.
Source: Business Progress Reports for 974 applications being pursued by 463 companies in 256 ATP projects funded 1993-1997.

applications spanning the spectrum of SIC industries. Figure 4 illustrates the diverse application areas
of the enabling technologies designated by the companies as in the Materials area. A detailed
examination of individual reportsreveals more explicitly the diverse linkages. For example, company
reports for one project involving coatings technology reveals planned applications in industrial
machinery for internal combustion engines (SIC 35), aircraft parts and equipment (SIC 37), and health
services (SIC 80). Another project involving metal and aloy technology reports applications in
construction machinery (SIC 35), truck trailers (SIC 37), and fabricated structural metal products (SIC
34). lllustrations of linkages between other technology areas under development and their diverse
application areas appear in Appendix A.

Commercialization of the ATP-funded technol ogy will occur through eventual embodiment inaproduct,
service, manufacturing process, or possibly some combination of these. Figure 5 summarizes the
percentages that are expected to occur in each form. Most commercial deployment of ATP
technologies will occur through manufactured products with significant advantages over existing
products. Individual companies and projects are planning to use their new technical capabilities to
achieve acompetitive advantage in the marketpl ace through amix of “ new-to-the-world” solutionsand
cost reductions and performance improvements in products, processes, or services. For 38 percent of
the applications, companies envision their application to be a*“new-to-the-world” solution to a market
need or problem.
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Figure 5. How ATP-funded Technologies Are Expected Eventually To Be
Deployed
Types of Applications Advantages Over Existing Technologies

Other
Advantage
3%

Performance
and New
Cost Solution
Advantage 38%
34%

Manufacturing
Processes
25%

Manufactured
Products
65%

Performance
Advantage
18%

Cost
Advantage
7%

Source: Business Progress Reports for 973 applications being pursued by 462 companies in 255 ATP projects funded 1993-1997.

As shown in Figure 6, many companies envision that products and processes embodying the ATP-
funded technology will be used in multiple stages of production extending from Raw Materials
Productionto End User. Sixty-two percent of the technology applicationsinvolverelatively early-stage
Components Manufacturing.

Figure 6. Stages of Production in Which the ATP-funded Technologies
Are Expected to Be Used

Percent of Applications

0 20 40 60 80 100
| | | | |
Raw Materials Production 20%
Materials Processing 47%
Components Manufacturing 62%
Assembly 47%
Distribution 34%
End User 42%

Note: Most companies plan to address more than one stage of production; many plan to address more than two.

Source: Business Progress Reports for 959 applications being pursued by 456 companies in 254 ATP projects funded 1993-1997.
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The entry of the ATP technology into an early stage of the production cycle, in combination with the
diversity of applications expected to result from individual projects and technologies, increases the
opportunity for downstream customers/usersto experience market spillovers (consumer surplus). This
is, of course, especialy true where an ATP-funded technology has significant cost or performance
advantages over existing/defender technologies.

Business Goals

In the Baseline Reports, companies who reported they anticipated a performance advantage, a cost
advantage or a combination of the two over existing technologies (see Figure 5) are asked to estimate
their advantagein percentageterms. AsshowninFigures5and 7, performanceimprovementsare more
frequent, and performance improvements of at least 25 percent appear to be more common than cost
reductions of this magnitude. For 30 percent of applications, a performance improvement in the range
of 100 percent or greater is anticipated. For 40 percent of applications, a cost reduction of 25 percent
or more is expected. The performance and/or cost advantages of “ new-to-the-world” solutions over
existing, but entirely different, solutionsto the same problem, are usually more difficult to estimate but
often promise to be quite dramatic. Improvements of substantial magnitudes, particularly when
combined with the emphasis on "new" products or lines of business, are consistent with definitions of
"discontinuous” or "breakthrough" innovationsusedinthejoint Renssel aer Radical Innovation Research
- Industrial Research Institute Project funded by the Sloan Foundation (Leifer, 1997). (Of course, for
some projects, even a small cost reduction or performance improvement can represent a significant
economic benefit and important competitive advantage when measured across a large production
volume.)

Figure 7. Quantitative Business Goals

100 — .
Performance Improvement Cost Reduction

80 [—

60 (—

44%

Percent of Applications

40 |—

32%

20 |—

0-9%
Improvement
10-24%
Improvement
25-49%
0-9%
Reduction
10-24%
Reduction
25-49%
Reduction
75-99%
Reduction

Improvement
50-74%

50-99%
Improvement
100-499%
Improvement
500% or more
Improvement
Reduction

Source: Business Progress Reports for 574 applications anticipating a performance and/or cost advantage over existing technology being
pursued by 313 companies in 183 ATP projects funded 1993-1997.
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Table 2. Examples of Effect of ATP Funding on Company Goals for the

Technology

Conditions at Project Start

Goal Without ATP Funding

Goal with ATP Funding

60 microseconds process speed
$12/disk
3,300 hours lifetime
2,500 cars/day
34 trains/day
1,000 CPU time
60 degrees C
800 nm
$60,000 per unit
45 cm
40 bases/minute
$500/medical test
1 gene/day sequencing

3.9 gigabytes data storage

$62/gigabyte

60 microseconds process speed
$5/disk
5,000 hours lifetime
2,500 cars/day
34 trains/day
100 CPU time
60 degrees C
800 nm
$10,000 per unit
20 cm
533 bases/minute
$500/medical test
5 genes/day sequencing
4.7 gigabytes data storage
$1/gigabyte

10 microseconds process speed
$.50/disk
10,000 hours lifetime
2,875 cars/day
51 trains/day
10 CPU time
100 degrees C
200 nm
$1,000 per unit
10 cm
2,000 bases/minute
$50/medical test
100 genes/day sequencing
60 gigabytes data storage
$1/gigabyte

Source: Business Progress Reports for 911 applications being pursued by 431 companies in 250 ATP projects
funded 1993-1997.

Table 2 provides aniillustrative list of quantitative examples of how ATP funding is expected to affect
the technological capabilities of companies as measured by expected changesin value for the attribute
identified as most critical to commercialization for a specific application. Quantification of cost and
performance advantages of the AT P-funded technol ogy, such asprovided by thisbusinessgoalsanalysis,
is useful in tracking project progress as well as assessing business opportunities and estimating the
potential magnitude of economic spillovers. A comparison of goals"with" and"without ATP" isneeded
to assess the potential for ATP funding to make a difference relative to what would have occurred
without government funding. An ex ante comparison of baseline values with project goals for key
technology parameters/attributes hel psto identify the anticipated degree of technological advancement
and to assess the expected economic impact of the project. An ex post comparison of actual progress
made against cost/performance targetswill makeit possible to assess the degree to which project goals
for these targets are met and to consider the resulting impact on economic benefits of the project.

Acceleration of R&D is another commonly cited business goal of ATP projects. Asshown in Figure
8, nearly all the companies expect some reduction in thetime it will take to complete the R& D phase
and bring their products to market/or implement new production processes as aresult of ATP funding.
A reduction of at least two yearsis anticipated for 65 percent of all applications; areduction of two to
nearly four years is expected for 41 percent of applications; and a reduction of four or more years
(including those that would not be undertaken at all without ATP funding) is expected for 24 percent
of applications.
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Theimportance of speed-to-market isconsidered“important” or “critical” for 98 percent of applications,
itisconsidered "critical" for more than half. Further emphasizing the importance of acceleration, the
window of opportunity for 73 percent of the applications to enter the marketplace is considered to be
within two years after ATP funding ends; i.e., it appears that companies believe they would miss the
opportunity, or asignificant part of it, without the acceleration enabled by ATP funding.

Figure 8. Importance of Market Timing
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Source: Business Progress Reports for 974 applications being pursued by 464 companies in 256 ATP projects funded 1993-1997.

The following are some additional business goals cited in company business reports:

"Be#1 supplier of ... technology"

"Obtain a licensee by end of ATP"

"Become global expert in ... technology"

"Diffuse technology to cover 5 technology niches'
"Increase market share by ..."

"Berecognized as leading vendor of ..."
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Identification of Commercialization Strategies

As their primary means of commercialization, most ATP-funded companies plan to achieve
commercialization for at least one application through production of a product or service in-house, in
their own existing or planned facilities. Some companies indicated more than one primary means of
commercialization for agiven application. Asshown in Figure9, in-house production is the focus for
62 percent of applications. For 29 percent of applications, licensing to othersis the primary strategy;
for 47 percent of applications, licensing is the primary or secondary means of commercialization. For
81 percent of applications, including some of those where in-house production is the primary means,
licensing to othersisat |east apossible supplementary means, if not the primary focus. Thus companies
recognize the opportunity to increase their revenues beyond what their internal production facilitiescan
support, while at the same time increasing opportunities for diffusion of the technology to other firms
and potentially other applications and industries. The potential for licensing the technology to others
isafactor that makes economic spilloversrelatively more likely (Jaffe, 1996).

Figure 9. Strategies for Commercializing ATP-funded Technologies
Produce Product or Adopt Process for License to

Service In-House In-House Use Others

100 —

62%

60 —

46%

40

34%

Percent of Applications

27%

20 |—

13% 15% 13% 14%

. 10%
0

Note: Some companies reported more than one strategy as "Primary."

N/A
N/A
N/A

Primary
Secondary
Possible
Primary
Secondary
Possible
Primary
Secondary
Possible

Source: Business Progress Reports for 972 applications being pursued by 462 companies in 256 ATP projects funded 1993-1997.

Closesupplier-customer linkagesareimportant to successful technol ogical innovation. Among thework
that addresses this issue, von Hippel suggests that such linkages can increase the productivity of the
innovation through moreefficient communication of technological and market information (vonHippel,
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1994). Given thelarge number of small companiesinvolved in the projects, and the rather early stages
of production they address, one would expect a large number to pursue strategic aliances for
commercialization. But Figure 10 showsthat one-fourth or less of applicationsinvolve heavy reliance
on strategic alliances with customers, suppliers, partnersin joint production, or distributors, looking at
each type of aliance individually.

Figure 10. Strategic Alliances Planned

With With Joint With

100 — Suppliers Customers Production Distributors

80 —

60 —

45%

Percent of Applications

0,
31% 31% 35% 33%

[
29% 31%

24%

20 — 0,
14% 15% 2220

N/A
N/A
N/A
N/A

Primary
Secondary
Possible
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Secondary
Possible
Primary
Secondary
Possible
Primary
Secondary
Possible

Source: Business Progress Reports for 971 applications being pursued by 462 companies in 256 ATP projects funded 1993-1997.

Further analysis, however, reveals that (a) 94 percent of companies plan at |east one of these types of
aliancesand (b) at least one of these typesof alliancesis planned in pursuing 90 percent of applications
(graph not presented).

The subset of reportsfrom small businessesreveal sthat strategic alliancesto pursue commercialization
aremoreimportant for small businessesthan for larger ones, asonewould anticipate. Small businesses
plan aliances with customers as a primary strategy for 31 percent of applications and as a primary or
secondary strategy for 49 percent of applications (compared with 24 and 38 percent respectively for all
respondents); small businesses plan alliances for joint production as a primary strategy for 20 percent
of applicationsand asa primary or secondary strategy for 44 percent of applications (compared with 15
and 32 percent respectively for al respondents); small businesses plan alliances with distributors as a
primary strategy for 20 percent of applications and asaprimary or secondary strategy for 39 percent of
applications (compared with 13 percent and 27 percent respectively for all respondents).
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3. R&D STATUS

Level of Progress in Completing R&D Phase

Chapter 3 and the remainder of this study focus on actual progress against project plansand ATP goals.”
Figure 11 provides apicture of the R& D status of project participants. It indicatesthat 11 percent were
less than 25 percent complete; 31 percent were 75-100 percent complete with their R&D, which
corresponds with the growing number of organizations that have completed the ATP funding period.
The median level of completion of the ATP project is estimated for the group in the database to be 61
percent. Considering the total R& D (including that beyond the ATP project) needed for significant
commercialization to occur, the median level of R&D completion is estimated to be 41 percent.

Figure 11. R&D Status

Current level of progress:

In completing the In completing all R&D needed for
ATP-funded project commercialization (i.e., to begin
100 — product development/clinical

trials, and full commercialization)

80 —

median = 61% median = 41%

40

Percent of Organizations

34%
32%

<10%

10 - 24%
25 -49%
50 - 74%
75 - 100%
<10%

10 - 24%
25 -49%
50 - 74%
75 - 100%

Source: Business Progress Reports for 413 organizations in 198 ATP projects funded 1993-1997--
after one or more years of ATP funding.

"The 62 projects for which only a Baseline Report was avail able were dropped from these analyses of actual
progress. Of the remaining 199 projects, 119 had completed one-to-three years of ATP funding and had
anniversary reports available; 80 had completed a close-out report. (See Chapter 1, Table 1.) No post-project
information was available. The most recent anniversary and/or close-out report from each project participant was
used.
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These two median values mean that 50 percent of the organizations have completed at least 61 percent
of their ATP-funded projects but only 41 percent of the total R&D needed for full-scale
commercialization. Thefact that considerable additional R& D will be required for many organizations
after the ATP funding period ends is not surprising given that ATP is funding relatively early-stage
applied R& D with considerable technical risk.

Effect of ATP Funding on R&D Progress

Project participants indicate that they are significantly ahead in their R&D cycle as aresult of ATP
funding as compared with where they would be without their ATP award. Asshownin Figure 12, 86
percent indicate that ATP funding has hel ped accelerate R& D effortsinthe ATP-funded area. Of these,
24 percent believe they would not have pursued the R&D at al without the ATP award; 55 percent
believe they are one to three years ahead as aresult of ATP funding. Only one percent indicated they
werebehind. Overall, measurabl e progress appearsto have been madetowards meeting critical windows
of opportunity for the ATP-funded technologies.

Figure 12. Acceleration of R&D
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Note: *Include responses from organizations indicating "Ahead" to prior to question.

Source: Business Progress Reports from 412 organizations in 198 ATP projects funded 1993-1997--after one
or more years of ATP funding.
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When Can Revenue Be Expected?

Although the ATP funds R&D that involves considerable technical uncertainties and difficulties,
technical progress tends to come in stages. Early-to-intermediate stage accomplishments may have
commercia value worth capturing by incorporating newly gained knowledge in anear-term generation
of products and processes even though attainment of the ultimate goals required for the full spectrum of
applications remains distant.

A significant amount of commerciaization planning activity is expected over the course of the ATP
proj ect, and some proj ects are expected to experience the beginnings of revenue generation from spin-off
activities. Across the projects, companies, and applications encompassed by this report, 14 percent of
the projects expect to see some revenues from at least one early application of the ATP-funded
technology by the end of the ATP funding period. (See Figure 13.) For 61 percent of the projects,
revenue is not expected until ayear or more after the end of ATP funding; for 12 percent of projects,
revenues are not expected until four or more years after the end of ATP funding. Only one percent of
organizationsindicated they do not expect to earn revenues at any time. These include universities and
other joint venture members without a significant commercialization role, although they might be
performing testing and other servicesimportant to future commercialization by companiesin their joint
ventures.

Figure 13. When Can We Expect To See Revenues from ATP-funded
Technologies?

100 —

- % of projects expecting first revenues
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Source: Business Progress Reports for 974 applications being pursued by 463 companies in 256 ATP projects funded 1993-1997.
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Small, young companies, such as the large number of start-ups the ATP has funded, typically strive for
early spin-off products and joint-development contracts with other companies to generate cash flow
needed for financial survival. Taking advantage of early revenue opportunitiesmay help them attract the
private capital needed to pursue the breadth of technological development required to compete in cost-
sensitive markets, and for a broad range of potential applications. From observation of ATP-funded
companies involved in manufacturing of advanced products and from analysis of individual company
reports, it appearsthat at any given time many of the companiesare engaged in amix of R& D and related
commercialization activities involving a single core technology. These activities may feed into the
development of several different generations of products, including some entirely new product lines,
which will enter the marketplace at different times over the next five or more years. In the case of bio-
technol ogiesfor human therapeutics, for example, early applications may involve research tools and test
kits. Significant commercialization of the targeted human medical therapeutics may not be possible for
five or more years after ATP funding ends because of the lengthy regulatory processes required.

The remainder of this report describes the effects of ATP funding, actual commercialization progress,
and the beginnings of technology diffusion, within the context of therelatively early R& D stage of many
of these projects. Substantial technical uncertainties remain, and full business and economic potential
arevery difficult to predict intheface of both technical and economic uncertaintiesstill remaining at this
time. These caveats notwithstanding, early effects of ATP funding are identified and conditions
necessary for significant future commercial success and national economic impact are monitored. With
the further passage of time, and additional data collection and analysis, we will learn much more about
the evolution of these projects. The ultimate outcomes of most ATP-funded projectswill not be known
for anumber of years after ATP funding ends.
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4. STIMULATION OF COLLABORATION AND
RELATED EFFECTS

Stimulation of R&D Collaboration

Stimulation of collaborative R&D relationships among companies, universities, and other research
organizationsispart of ATP'slegislated mission. The objectives are to increase research efficiency and
effectiveness, expand capabilities, reduce R&D cycle time, and accelerate commercialization and
competitiveness. The level of collaborative activity has been considerable from the beginning of the
program. In the first competition, ATP funded five joint venture projects among the first 11 awards.
From 1990 through 1999, the ATP funded 157 joint ventures, involving over 750 participants. Many
of these joint ventures involve companies which had never worked together before and were formed
explicitly to apply for ATPfunding (Silber, 1996, p. 23). Of the 424 organizationsin 199 FY 1993-1997
projectsfor which dataare avail abl e after one or moreyearsof ATPfunding, 298 are membersof 73joint
ventures. (SeeChapter 1, Figure?2.) Inadditionto theformal joint ventures, the ATP hasfound that most
of the "single company projects” it funds are, in fact, also rich in collaborative relationships. These are
implemented through subcontracting arrangements and informal alliances.

Figure 14. Stimulation of Collaborations

Has your project
involved collaboration
100 — with other organizations?

To what extent is ATP responsible
for the collaboration?*
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Note: *Includes responses from organizations indicating "YES" to prior question.

Source: Business Progress Reports from 415 organizations in 198 ATP projects funded 1993-1997--after one
or more years of ATP funding.
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AsshowninFigure 14, 86 percent of respondentsreported their ATP project involved collaboration with
other organizations. Of the group indicating their project involved collaboration, 69 percent indicated
that the ATPwasresponsiblefor the collaboration to agreat extent. Eighty-eight percent indicated ATP
was responsible to a moderate or great extent.

Asindicated above, many ATP collaborations reach beyond the formal joint venture relationship. Both
single company award recipients and joint venture members form collaborative relationships through
subcontractor arrangements and informal alliances. A total of 581 subcontractor arrangements, for
example, have been reported by single company awardeesand joint venture awardeesfiling BRSreports.
Fifty-two percent of the subcontractorsreported are small companies. Universities comprise 30 percent,
and 18 percent of these subcontractors consist of medium-to-large companies, government-funded
laboratories, and non-profit laboratories.

Collaboration Effects

Figure 15 shows effects most significantly enabled by ATP collaborations of these multiple types. At
least 80 percent of respondents indicated that collaboration enabled these effects significantly or
moderately. Ninety-seven percent indicated that collaborations had "stimulated creative thinking;" 80
percent indicated that collaborations had enabl ed the company to accel erate entry to the marketplace, and
85 percent indicated a general time savings (corroborating acceleration effects cited in Chapter 3); 86
percent reported that collaboration had enabled the company to obtain R& D expertise; and 80 percent
indicated that their experiences with ATP collaborations had encouraged them to consider future
collaborations.

Figure 15. Effects Most Enabled by Collaboration
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Note: Includes responses from organizations indicating "YES" to question--Has your project involved collaboration with other organizations?

Source: Business Progress Reports from 415 organizations in 198 ATP projects funded 1993-1997--after one or more years of ATP funding.
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Figure 16. Other Effects Enabled by Collaboration
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Source: Business Progress Reports from 415 organizations in 198 ATP projects funded 1993-1997--after one or more years of ATP funding.

Figure 16 shows other effects of ATP collaborations. Among the other effects analyzed, "identifying
customer needs' was cited as significantly or moderately enabled by 69 percent. Over 50 percent of
respondentsreported “ ensuring areliable/quality source of supply” and"labor cost savings' assignificant
or moderately enabled by collaboration; “planning for manufacturing” was cited by 40 percent; and
"saving equipment costs" was cited as significantly or moderately enabled by 43 percent. These effects
may be indicative of the relatively early project stage of many of the projects, and some may become
more important as the companies move closer to commercial deployment.

There is no doubt that R& D joint ventures/consortia involve some project start-up time and costs, and
possibly continuing costs not experienced by single-company awardees. However, these difficulties
appear to have beenrelatively insignificant for the vast majority of ATP participants. Asshownin Figure
17, of the organizations which reported collaboration experiencein their ATP project, only nine percent
reported a significant cost increase, although nearly half confirmed that project coordination and
management costs had increased moderately asaresult of collaboration. Eighteen percent indicated that
associated delaysin starting projects had resulted significantly or moderately asaresult of collaboration,
and only eight percent anticipated adelay of product entry into the marketplace as a result.
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Figure 17. Costs Attributed to Collaboration
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Note: Includes responses from organizations indicating "YES" to question--Has your project involved collaboration with other organizations?

Source: Business Progress Reports from 415 organizations in 198 ATP projects funded 1993-1997--after one or more years of ATP funding.

Anecdotal Comments

Anecdotal informationfromthe BRS providesadditional insight into effectsof collaboration experienced
by ATP-funded organizations and amplifies the statistical analysis. Some comments elaborate on the
positive and negative impacts of ATP collaboration; others address issues not covered in specific
reporting questions.

Obtaining expertise not otherwise available

"The work with our subcontractors [has] enabled usto utilize their expertise in fields [ where we]
are not staffed. Theinteractionswith our joint venture partners provide us accessto work they are
doing in fields [where] we are not active." [Joint venture member]

"Critiques of work conducted independently [have] provided invaluable outside perspective to
stimulate creative thinking and exposed several oversights early in the development process.”
[Single applicant]

"The breadth of experience brought in on these projectsis extensive." [ Joint venture member]
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"Excellent collabor ative environment and complementary technical capabilities have improved the
quality of technical output and effectiveness of the team. There has been tremendous synergy
between the companies that are collaborating on this project. Each company brings a particular
expertise that the others don't have and which would be difficult to develop. Each party is an
enabler for the others." [ Joint venture member]

"Collaboration has provided [us] with access to compounding, conversion, and fabrication
resources, complementary ... materials and technical expertise that would not otherwise have been
available." [Single applicant]

"Ingeneral, [ subcontractor] hasawealth of experienceand knowledgeon... processing and control.
Their insight has been a primary driver on overcoming several technical problems and developing
process simplifications.” [ Sngle applicant]

"Our collaboration with other partners has helped us to access first hand data for medical
vocabularies, and understand size and complexity of that data.” [ Joint venture member]

"Exposed to new ideas, technol ogies that would otherwise not have been exposed to. Enabled usto
leap forward with newer approaches into our architectural design.” [Joint venture member]

"No one company has all the expertise required for the entire project. Collaboration has allowed
in-house knowledge to be directly available to the overall effort.” [ Joint venture member]

"Medical expertise and related product requirement insight would not have been possible from
within our own organization.” [ Sngle applicant]

"Through collaboration we have been able to bring expertsin thisfield to our test facility and work
with live systems.” [ Sngle applicant]

"The principal benefit of the collaboration has been to bring together a diverse team of varied
expertise to address highly complex ... engineering problems. Systems devel opment projects such
as ... require individuals with many different technical and clinical skills to be successful.
Collaboration has enabled usto bring professional s together from academia, the non-profit sector,
and industry in a way that would not be possible within a single medical center.” [Joint venture
member]

Obtaining assistance from universities

"Our collaboration with [university] brought a very significant amount of experience in the basic
technol ogy that isunderlying the diagnostic teststhat we are devel oping; testing of our methodsand
comparison to those that they have developed in parallel allowed usto overcome technical hurdles
faster." [ Sngle applicant]

"Our collaboration involves working with two universities and an equipment vendor. The
universities have done early work to explore ... possibilities. We have then followed up with more
results-oriented experiments. Thissavesustimein helping to identify thingsthat work and provides
us with an estimate of the process regime in which decent results can be obtained.” [Sngle

applicant]
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"1. Sgnificant input on optimized structural shape design fromDr....at [university]. 2. Sructural
testing facilities and equipment at [university] utilized for testing ATP prototype shape. Could not
perform test with in-house laboratory facilities." [ Sngle applicant]

"We have just begun the first phase of a collaboration with the ... center at [university], which
involves the use of their clean roomfacilities. Duplicating those facilities at [ our company] would
have been completely impossible. 1n addition, we are being trained in various... techniques, which
speeds up the research phase considerably. The only negative impact has been the time required
for setting up the legal structure of this collaboration.” [ Sngle applicant]

"There have been a number of positive collaboration effects, particularly with our work with the
[university]. Hehasa group of excellent students, that have hel ped usto produce. ... software, better
... layout technology, and also increase our research standing in the community of international
researchers. Our company always had strong people working for it, but we have been able to
attract, and keep several very talented people because of the NI ST funding and are grateful for this.
So | would say that theresear ch collabor ation with thisuniver sity, sponsor ed through NI ST hasbeen
very positive." [ Sngle applicant]

"Our ability to use subcontractors from academic medical centershasgreatly improved our ability
to achieve the goals of our project. These collaborators have given us both a lab for testing and a
reality check on what works." [ Sngle applicant]

"University studentsare exposed to industry as summer students so they become acquainted with the
needs of industry and the workings of an R&D industrial lab. The resulting collaborations result
in joint publications and patents. [ Single applicant]

Learning more about potential markets and customer needs and accelerating entry into the
marketplace

"The most significant collaboration has come from securing a contract ... to install a pilot
demonstration.... Thishasfacilitated anumber of discussionswhich hasidentified thereal customer
needs and therefore accurate functional and performance requirements of the products. In this
processtheteamat ... working on the project have been introduced to domain knowl edge that would
have otherwise been difficult to obtain." [ Sngle applicant]

"Themanpower -multiplying and syner gistic creative effects of using subcontractorshasaccel erated
the R&D process to make it possible to plan and begin to initiate business alliances for the
technology that capitalize on a fast-approaching market opportunity.” [ Sngle applicant]

“[We] have forged excellent strategic alliances with leaders in the ... industry which provide
valuable customer input and resources during the devel opment stages of the technology and will
allow us to quickly commercialize this application.” [ Sngle applicant]

"Our collaboration with [a joint venture member] led to a rapid prototype development with a
strong emphasis on customer needs.." [Joint venture member]

"The partnership which was established for this ATP project is a true vertical partnership of

suppliers and a manufacturer. Unlike other R&D alliances in which [these companies] have
participated, which were horizontal partnerships of manufacturing companies, this project had no
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inherent conflicts of interest. Thereisa single motivation in this project: to advance the state-of-
the-art of the... technology ... to allow for broad substitution of compositesfor traditional materials.
And to date the NIST/ATP project has been central to achieving thisgoal.” [ Joint venture member]

"The collaboration has allowed us to under stand healthcare needs for the technology to which we
have been able to focus our R&D. This has greatly increased commercialization chances and
technology impact. Collaborator has already started to use our technology and has hired our
studentsasinternsand empl oyees, which representsan important for mof technology transfer. More
collaboration has occurred than originally planned.” [ University joint venture member]

"In general, the collaboration has allowed us to contact new potential collaborators and markets.
Some of these markets are for new equipment using our technology in ways we had not considered.
Dueto the success of the JV, thevarious member sareinvestigating projectsoutsidethe ATP." [ Joint
venture member]

"Without the joint venture and collabor ations from the other members it would have been almost
impossible to assess the market needs and define the customers and requirements.” [ Joint venture
member]

"Thevertical structure of our joint venture (2nd tier vendor, 1st tier vendor, OEM) assuresthat our
project direction is kept focused on real customer needs and addresses real customer concerns.”
"Better coordination of program brainstorming to advanced technology has enhanced the
commer cial focus. Hasaccel erated thecommercialization effort.” [ Two membersof ajoint venture]

"Collaboration with [our JV members] has been extremely positive. All members of the group have
really worked together to solve common problems and foster creative solutions. This has allowed
all of usto gain greater speed to market.” [Joint venture member]

"It hascreated a greater awareness of the complete HD TV product environment. It hasallowed [ us]
to pursue alliances outside of our narrowly defined ... product environment and work towards a
greater under standing of new product and servicesofferings.” " Complex systemar chitectureissues
are better studied inindustry teams. Thisis made possible by the ATP grant.” [Two membersof a
joint venture]

"There have been no negative impacts. Positively, the collaboration hasincreased our awareness
of our partners need for advanced materials and the partners' efforts in identifying opportunities
inemerging marketswhich might match our long-termR& D material development work." “ Assisted
greatly in development of understanding of manufacturing costs and customer requirements,
eventually leading to the abandonment of the ... effort.” [ Two members of a joint venture]

"The collaboration would have happened, eventually, but ATP has been the catalyst. The program
has moved along much faster than anticipated and has been able to obtain managerial support and
external assistance which would not have happened without ATP affiliation." " Intercorporate
collaboration has fostered business relationships which are likely to continue beyond the ATP into
product development and commercialization. This should greatly accelerate the application of the
ATP-developed technology.” [ Two members of a joint venture]
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Formation of stronger supplier-customer relationships

"The other joint venture partners are also customers for [company]. General understanding of
business practices and other devel opmental needs have had a positive impact on all parties.” [ Joint
venture member]

"Our collaboration with the equipment vendor hasled to a promising new area of development. We
hope to build a better using their technology. It may allow us to surpass our original
throughput goals." [ Single applicant]

"Established enhanced relationships with strategic suppliers of software necessary to perform our
... services, and to focus our software suppliers toward the directions we see as necessary in
devel oping the next generation of ... tools, techniques, and methodol ogies.” [ Joint venture member]

"Our subcontractor has a good deal of credibility in the marketplace. We have gone farther with
prospects and vendor alliance discussions because of the choice of the subcontractor.” [Sngle

applicant]
"Collaboration has helped to align ideas of users and suppliers greatly.” [Joint venture member]

"As an end user of the core technology being devel oped for this program, we would not have early
access to the technology without the collaboration. Collaboration at this phase allows us to
influence the design to meet our end product needs during the development. We have no intention
to manufacture the [ component], but to useit in our product; therefore collaboration is essential .”
[ Joint venture member]

"There has been an awakening to the advantages of networking with our suppliers on an informal
basis. Thishasresultedinleveragingresearchwithin[our] supplychains.” "Thecollaborationwith
[lead company] has given us much insight and under standing asto theinterests, needs, values, and
talents of one of our largest international customers.” "Without collaboration on this project with
a major customer, this project probably would not exist. Collaboration provides us an unusual
opportunity to work together." [ Three members of a joint venture]

Strengthening credibility within the organization and with other organizations

""Thefact [our company] hasan ATP award has added credibility to our commercialization effort
and in fact it has attracted some of our early collaborators and has been a major source of interest
for our partners.” [ Sngle applicant]

"Thereisheightened credibility obtained fromthe concurrence of our competitorsthat we are doing
theright things; i.e., if wetried to get this project approved in house alone, it might be perceived to
not be as big a problem.” [ Joint venture member]

Thejoint venture with [partner] hasfocused our R& D effort to a specific application and our price
performance objective.... Weantici patethe most significant impact will comeinthenear futurewhen
[partner] can assist usin gaining the capital investment for the transition to manufacturing andin
the well-established market share [partner] currently enjoys." [Joint venture member]
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"Provided visibility into automotive market segment which we wouldn't normally have had access
to." [Joint venture member]

"Through our collaboration with [our subcontractors| we now have access to potential customers
(the colleagues of our collaborators) who would have been less receptive had we approached them
on our own." [ Single applicant]

Elaboration of the "benefits and costs" of collaboration

"This vertical teaming has enabled a free flow of ideas between the two companies and has made
this collaboration a positive experience to date. The only negative of the collaboration, whichisa
result of the "large company syndrome,” is that while large companies such as ... offer tremendous
manufacturing resources, scheduling these resources can be difficult at times." [Joint venture
member]

"The main positive of collaboration is the sharing of expertise, and the stimulation of new
approaches to the problem. The main negative has been that one of the companies was not really
committed to provide sufficient resour cesto execute tasks on schedul e and thisslowed down all tasks
inthecritical path. Another negative (not major) has been the added approval sto change program
directions, and the sow down in schedule due to co-ordination of tasks (technical and
administrative)." [Joint venture member]

"Positive: Reduction of "not invented here syndrome"; reduction of capital cost on equipment
available from JV partner; positive factor in negotiating other contract research with outside
company that involves complementary technologies of both JV partners. Negative: Difficulties
experienced in initial collaboration with JV partner revolving around issue of trust (viewing the
other company as a potential competitor)." [ Joint venture member]

"Positive: Direct contact with potential customer led to development of a prototype that matched
customer needs. Exposure to different management and engineering approaches contributed to
improvements/eval uation of our respective processes. Negative: Collaboration of multi-disciplinary
teams located in various geographical locations was difficult. Different companies had different
priorities and goals that at times conflicted with program goals." [ Joint venture member]

"Positive Impacts. Elevated awareness of Healthcare marketplace. Understanding the healthcare
information technology requirements. Negative Impacts. Very difficult to settle the intellectual
property rights between multiple collaborators.” [Joint venture member]

"On the positive side, there was a great exposure to other technologies and transfer of technical
knowl edge between large multinational companiesand research institutions. On the negative side,
the research has been delayed because of the effort required to establish collabor ative agreements
and work through conflict resolutions.” [ Sngle applicant]

"On the positive side, the collaboration has allowed a group of companies to come together that
otherwise wouldn't have and work jointly through a leveraged investment of R& D efforts. On the
negative side, not all of the business models of the participating companies wer e compatible which
resulted in some serious business negotiation problems relative to intellectual property.” [Joint
venture member]
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Formation of Strategic Alliances Outside the ATP Project for Commercialization
of ATP-funded Technologies

The numerous ATP joint ventures represent concrete evidence of ATP's ability to stimulate strategic
alliances. Somearelargely horizontal R& D collaborations attacking problems of mutual interest across
an entireindustry. Most involve complex R&D and commercialization collaboration across the supply
chain. For example, one project in the area of photonics manufacturing brings together a vertically
integrated team of photonics manufacturing companies supplying optical devices (SDL, Inc.), and
network systems (Nortel Systems) with software developers (RSoft and Hewlett-Packard as a
subcontractor), consulting service providers (Telcordia Technologies and Science Applications
International Corp.), and ColumbiaUniversity. Led by Telcordia Technologies (formerly Bellcore), the
project aims to develop an open architecture, integrated ssmulation tool for evaluating photonic
components, systems, and network designs quickly, reliably, and inexpensively, and thereby reducing
design-build-test cycle times across the supply chain of the communications sector by a factor of five,
with potential application to other industries. Another project, led by Xerox, bringstogether a number
of manufacturers with different applications of micro-opto-electro mechanical systems (MOEMYS), a
university, and acommercia foundry jointly to develop infrastructural process technologies supporting
mass production of MOEMS at low cost. Ultimately each manufacturer (Xerox, Maxim Integrated
Products, Microcosm Technol ogies, MicroScan Systems, and Optical Micro-Machines) will co-develop
with thefoundry (Standard Microsystems) itsown products empl oying the technol ogiesdevel oped inthe
ATPproject. Theseproductsspan applicationsin tel ecommunications, imaging, medicine, entertainment,
and information systems. The research joint venture between 3M Company and Perkin-Elmer
Biosystemsfunded by the ATPin 1998 hasresulted explicitly injoint commercialization plans. Building
on the foundation provided by their ATP project, 3M Company and Perkin-Elmer Biosystems have
entered into an agreement to jointly develop genetic analysis products. This agreement facilitates an
anticipated long-term complementary relationship leveraging 3M’s strengths in material science and
manufacturing and Perkin-Elmer’ s capabilities in genetic analysis.

Some relationships between ATP-funded companies and their R&D subcontractors have evolved into
strategic alliances for commercialization. Among the publicized alliances, PharmaSeq (a one-person
start-up company when funded by the ATP in 1998) and Sarnoff Corporation, one of the subcontractors
on the ATP project, announced an agreement in early 1999 to develop jointly a prototype system that
integrates PharmaSeq's novel DNA diagnostic method employing an assay of 3-D arrays of DNA
molecules with Sarnoff’ s microtransponder technology. The aim of this alliance agreement is a highly
accurate and cost efficient DNA detector system for use in biomedical research, drug discovery,
infectious agent monitoring, genomics, industrial processing, and environmental monitoring.

Many other strategic allianceshave been formed outsidethe ATPresearch project tocommerciaize ATP-
funded technologies. Although information concerning negotiations with potential commercialization
partners, and the resulting alliances, isprovided to ATP on aconfidential basis, articles published by the
industry and trade press and company press releases sometimes provide public substantiation. Public
sources confirm that partnering between ATP-funded small businesses developing DNA diagnostics
technologies and pharmaceutical and medical instrumentation companies has been particularly active.
Integra LifeSciences, recipient of ATP awardsin 1993 and 1998, has announced strategic allianceswith
Linvatec and Bionx for developing fixation devices, e.g., screws, tacks, and anchors, using Integra’'s
polymer technology funded initsfirst ATP award for reconstruction of ligaments and tendons in knees
and shoulders. Affymetrix, a1994 award recipient in the Toolsfor DNA Diagnostics Focused Program
competition, has recently entered into agreements with OncorMed to collaborate in development of
clinical validation of genetic testing services utilizing their GeneChip™ for analysis of genes associated
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with cancer. Under aseparatedistribution andinstrumentation alliance between Affymetrix and Hewl ett-
Packard, Hewlett-Packard isdevel oping and supplying anext-generation scanner to read the GeneChip™
(Regalado, 1996, p. 22). Affymetrix has other collaborations with Genetics Institute, Roche Molecul ar
Systems, Incyte Pharmaceuticals, and Glaxo Wellcome (Regalado, 1996, p. 18). Hyseq, atiny company
funded by the ATP to develop a different DNA chip technology, has teamed up with Perkin-Elmer to
market its chips (Perkin-Elmer and Hyseq Press Release, June 29, 1998). All of these partnerships are
outsidethe ATP projects, but occurred while the ATP-funded R& D was ongoing relatively early in the
R&D phase as a means of accelerating commercialization of the ATP-funded technology and raising
capital for continuing R&D.

Table 3 summarizes strategic alliance activity focused on commercialization of technologies funded by
the ATP during 1993 to 1997. The datareveal that a substantial amount of negotiation and discussion
activity is underway. One hundred fifty-six alliances had been formed by March 31, 1998: 37 with
suppliers; 52 with customers; 37 for joint production; and 30 with distributors. Forty-two license
agreements had been signed by that time. Some of these alliances for commercialization evolve from
R& D partnershipsamong ATPjoint-venture companies, but many companiesareforming allianceswith
companies outside of their ATP projects.

Table 3. Strategic Alliances and Licensing Agreements for Commercialization

Number of Number of Number of
Projects Companies Applications
Negotiations/discussions held with 97 113 184
potential strategic partners
Alliances formed with suppliers 37 37 48
Alliances formed with customers 49 52 71
Alliances formed for joint production 34 37 45
Alliances formed with distributors 30 30 39
Total alliances formed 150* 156* 203
Negotiations/discussions held with 53 53 81
potential licensing partners
License agreements signed 42 42 59

Note: *Companies reporting more than one type of alliance are included twice.

Source: Business Progress Reports for 747 applications being pursued by 356 companies in 198 ATP projects funded 1993-1997 —
after one or more years of ATP funding.
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5. IMPACT ON INDUSTRY R&D

Stimulation of Private Sector Investment and Leveraging of Other Investment

M orethan one-third of the organizationsreporting believe therewould have been no project at all without
ATP; i.e., their combined cost-share commitment of $183 million reflects an investment that they say
would not have occurred at all without the ATP award. An additional 38 percent report they increased
their investment in the ATP-funded technology area as a result of ATP funding, beyond what the
investment otherwise would have been, by $145 million in the aggregate. (See Figurel8.)

According to the responsesfrom the two groups of organi zations combined, ATP has stimulated industry
to invest more than $320 million in internal company funds beyond what industry would have invested
without the ATP awards (and above and beyond ATP funding). The increased industry investment
represents an estimated 58 percent increase over what industry would have invested without ATP
funding. Theincreased level of funding from industry sources, plus that from the ATP, has helped to
accelerate the R& D for ATP-funded projects and thereby has helped the companies enter the market
within the critical windows of opportunity. (See Chapter 2.)

Figure 18. Stimulation of Industry R&D Investment

As a result of the ATP award, industry R&D investment in the ATP-funded technology area has:
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Notes: * These organizations believe their projects could not have been undertaken without ATP funding. Their industry cost share,
estimated to be $183 million, represents an increase in private sector R&D investment in the ATP-funded technology area.

** These organizations estimate their own R&D investment in the ATP-funded tehcnology area increased by $145 million
as a result of the ATP award. It represents increased industry funding in additon to the ATP funding.

Source: Business Progress Reports from 412 companies in 198 projects funded 1993-1997--after one or more years of ATP funding.
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Asshownin Figure 19, 61 percent of the organi zationsindicated that they had increased the R& D scope.
Sixty-seven percent reported that ATP funding had increased their interest in long-term research. Both
scope expansion and longer-term research give rise to increased chalenge. Seventy-three percent of
organizations reported they were more willing to accept technical risk asaresult of ATPfunding. Many
of the remaining organizations reported they would not have pursued the project at all without ATP
funding. From the combination of these various sets of data, it appearsthat ATP funding has stimulated
pursuit of higher risk, longer-term, more ambitious R&D projects than would have been undertaken
without ATP funding.

Figure 19. Change in the Nature of Industry R&D
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Source: Business Progress Reports from 403 organizations in 198 ATP projects funded 1993-1997--
after one or more years of ATP funding.

Increased Credibility

A large percentage of organizations that have completed one or more years of funding cite increased
credibility or enhanced prestige as a result of the ATP award, documenting that the ATP award has a
"halo effect" on organi zationsand technol ogiesreceiving awards, apart from the award'smonetary value.
Themost frequently cited "hal o effect” was by researcherswith "upper" management (or owners) intheir
own organizations. Asshown in Figure 20, respondentsfrom 85 percent of all the organizationsreported
increased credibility with management; 75 percent indicated improved credibility with customers; 60
percent with suppliers, and 44 percent believed the ATP award had a "halo effect” with investors.
Ninety-three percent of organizations reported increased credibility with one or more of these parties.

The "halo effect” may be expected to be of particular benefit to ATP-funded small businesses,

particularly start-ups, which have little if any market presence and typically very limited financia
resources at th resources at thetime of the ATP award. A comparison of resultsfor the small companies
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Figure 20. Increased Credibility
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Note: Ninety-three percent of organizations reported increased credibility with at least one of these parties.

Source: Business Progress Reports from 412 organizations in 198 ATP projects funded 1993-1997 --
after one or more years of ATP funding.

versusthe entire group showsthat the “halo effect” with outside firms and investorswas indeed stronger
for small businesses than for the group as awhole. Small businesses likely have greater need for this
assistance and therefore have greater sensitivity to its benefit.

Figure 21. Increased Credibility — Small Businesses
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Note: Ninety-five percent of small businesses reported increased credibility with at least one of these parties.

Source: Business Progress Reports from 150 organizations in 118 ATP projects funded 1993-1997 --
after one or more years of ATP funding.
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Asshown in Figure 21, 89 percent of small business experienced increased credibility with customers
(compared with 75 percent for the group as a whole); 73 percent with suppliers (compared with 60
percent for thegroup asawhole). Some anecdotal examplesof “halo effects’ related to joint venture and
other ATP-stimulated collaborations are included in Chapter 4.

A significant number of organizations have attracted new sources of capital following announcement of
their ATP award. The new funding has gone to support the ATP-funded research area or related
commercialization efforts. Of the 412 organizations reporting after one or more years of ATP funding,
76 (18 percent) had received new funding from external sources, amounting to more than $200 million,
to pursue their technology development and commercialization activities.

As shown in Figure 22, the most common sources of new funding were owner/angel/friends capital
contributions, non-ATP Federa grantsand contacts, and other/corporate partners. Some companiesreport
receiving more than one type of funding.

In general, the new federal funding appears to support R& D in technology areas related to the ATP-
funded technology but outside the scope of the ATP project; state funding appears directly to support
ATP-funded research by companies, thereby leveraging ATP and private cost-share funds, for example,
from owner/angel/friends, venture capital, and internal sources.

Figure 22. Attraction of Capital
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Note: *Includes responses from organizations indicating "YES" to prior question.
Organizations report receiving over $200 million in new (external) funding to support ATP-funded technologies or their commercialization.

Source: Business Progress Reports from 412 organizations in 198 ATP projects funded 1993-1997--after one
or more years of ATP funding.
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6. EARLY COMMERCIALIZATION ACTIVITIES

Even for applicationswhere commercial productionissevera yearsoff, successful, timely entry into the
marketplace is likely to entail a significant level of effort in market analysis, capital planning and
acquisition, and negotiation with potential partners over the entire R&D phase. The trend to shorter
product life cycles in many industries dictates that companies engage in market analysis and planning
for manufacturing and scale-up from the earliest stages of R& D in order to have anew product or process
ready in time to compete successfully in international markets (See Laidlaw, Chapter 1, 1997). ATP
monitors this activity as part of its project management and evaluation process both to assess the
likelihood that successful commercialization will result and to measure the level and significance of
progress. This chapter provides a statistical snapshot of commercialization progress for companies
reporting after one or more years of ATP funding, along with some specific examples from individual
companies and projects.

Commercialization Planning Activities

As shown in Figure 23, companies in 84 percent of the projects have completed product/process
definition for at least one application; companiesin 70 percent of the projects have completed concept
testing with customersfor at |east one application; and concept testing has been conducted for 44 percent
of al applications being pursued.

Figure 23. Market Analysis Progress
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Source: Business Progress Reports from 747 applications being pursued by 356 companies in 198 ATP projects funded 1993-1997--
after one or more years of ATP funding.
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Figure 24. Progress Towards Commercial Production
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Source: Business Progress Reports for 672 product or process applications being pursued by 330 companies in 191 ATP projects funded 1993-1997--
after one or more years of ATP funding.

Companies are engaged in the long-term process of planning for scale-up from preparation of small-
sample prototypes to commercia production. As shown in Figure 24, 52 percent of companies,
participating in 64 percent of projects, indicate they have completed a production prototype, and 42
percent of companies participating in 55 percent of projects have completed pilot production or a
commercial demonstration for at least one application of the ATP-funded technology. A small
percentage of the companies (14 percent of companiesfrom 22 percent of the projects) indicatethey have
actually begun production for at least one application. Production has begun for 10 percent of
applications.

Figure 25 provides a statistical summary of early progress towards earning revenues or other benefits
from use of the ATP-funded technology. Fifty-four percent of companies, participating in 66 percent of
the projects, believe they are now able to make a new or better product as aresult of their ATP project;
39 percent of companies, participating in 51 percent of projects, have adopted process improvements
embodying ATP-funded technology; 17 percent of companies, participating in 27 percent of projects,
report revenues from sales of prototypes and early spin-off products that amounted to more than $67
millionfrom 12 percent of applicationsby March 31, 1998. Licensingroyalties, reported by four percent
of companies, amounted to $5 million by that date.
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Figure 25. Progress Towards Early Products and Processes
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Source: Business Progress Reports for 703 applications being pursued by 332 companies in 192 ATP projects funded 1993-1997 --
after one or more years of ATP funding.

Early Commercial Products

A number of new products have been announced by ATP participants. Many of the earliest
announcementsof commercialized ATP-funded technol ogiesinvol ve software products, which typically
have shorter development cycles than hardware products and are often marketed over the Internet. The
following are some examples from company press releases and product announcements.

CVideo-Mail™. Developed by Cubic Videocomm, Inc., CVideo-Mail™ is a “video e-mail software
package, camera and microphone” that allows users to easily create and send video clips or still photos
with audio as attachments to e-mail messages. The viewer can be sent with the video so the recipient
does not need any special decoding software to view the e-mailed video. The full image is preserved with
each compressed frame, allowing rapid compression and efficient distribution of live video to remote
desktop computers. With CVideo-Mail™, children can receive specialized tutoring from remote teachers,
businesses can train and update employees, and professors can teach distance learning courses over the
Internet. PC Computing called this video compression technology “the best we’ve ever seen.” PC
Magazine gave it a top rating due to its ease in set-up and fine user manual.

BusinessWare . Introduced by Vitria Technology, Inc., a small startup company in Mountain View, CA,
BusinessWare is the “first comprehensive product for transparent application integration at the business
level.” This software provides businesses with a tool to manage operations transparently across work-in-
progress and inventories, scheduling operations, and an array of other essential activities. The four critical
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integration components -- business process automation, real time analysis, communication integration,
and data integration -- run inside BusinessWare’s production environment, allowing users to effectively
manage and respond to operations in real time, even when located at different sites.

SmartVoice™. Berdy Medical Systems has launched a system to assist physicians with medical data
input. SmartVoice™, unlike other systems, “converts spoken language into discreet data elements (not
text documents) so they can be stored in any database or propagate any repository.” The SmartVoice™
system does not require specialized speaker training, allowing physicians to use a normal speaking voice.
SmartVoice™ “can run as a stand-alone system and be used to propagate any hospital repository that can
accept data in the HealthCare industry’s standard HL-7 protocol.” It thus provides a basis, using spoken
language input, for a Computer-based Patient Record (CPR) System.

Graph Layout and Graph Editor Toolkits. Developed by Tom Sawyer Software, the Graph Layout and
Graph Editor Toolkits are a family of products that allow users to automatically create diagrams to
visualize relationships within complex data and then to integrate the graph displays with Windows
applications.

Component-based software for virtual reality applications. Aesthetic Solutions, a small company in
Aliso Vieja, CA, has developed tools to “allow non-technical users to create complete three-dimensional
web sites in a matter of hours.” One product, WorldVisions™ is a collection of interactive “living” three-
dimensional graphics-based components that users can “drag and drop” into their own 3-dimensional
creation. Among the extensive libraries of graphics-based components in Aesthetic Solutions’ toolkit,
“many of these components will have ‘brains,” making them capable of executing ‘behaviors’ like
obeying the laws of physics, making decisions, and interacting with other components and users. Balls
bounce. Characters run. Tanks explode when struck by missiles.” With WorldVisions', users do not
need any programming or enhanced skills to build interactive 3D VRML models.

Business Advisor. Since launching Process Advisor, for advanced process modeling and optimization,
its first software product with ATP-funded technology, Al Ware has added a second product, Business
Advisor, a modeling and decision support system for analyzing business issues and making business
predictions and forecasts for strategic planning and decision making.

Virtual Reality Surgical Simulators. HT Medical has introduced three virtual reality surgical simulation
products using its ATP-funded TELEOS technology. CathSim™ Intravenous Training System is used
to train students to insert intravenous catheters. It “moves the student trainee as far as possible up the
learning curve prior to real patient contact.” HT Medical’s PreOp™ Endoscopy Simulator is a training
system for performing endoscopy procedures. It teaches “the motor skills and cognitive knowledge
necessary to perform these procedures.” The PreOp™ Endovasular Simulator is being developed to
teach skills for performing balloon angioplasty and stent placement. Like the other programs, this
simulator enables clinicians to practice procedures as many times as necessary before performing the
procedure on a patient.

Fragment Length Polymorphism for DNA Diagnostics. In mid 1996, Third Wave "launched itsinitial
product from its lead product platform, Cleavase” Fragment Length Polymorphism (CFLP?) devel oped
as part of its ATP project, into the life science research market." They had two distributors and over
$300,000 in sales by the end of the year. This product is part of the "tool box" of faster, cheaper, and
more user-friendly technologiesfor detecting and manipulating DNA that Third Wave isdeveloping for
molecul ar human diagnosticsapplicationssuch asassessing tissuesfor transpl antation suitability, forensic
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and paternity tests, diagnosing hereditary and infectious diseases, assessing susceptibility to specific
diseases, and monitoring the response of disease pathogens to specific medical treatments.

Anecdotal Comments

Anecdotal comments provided in the business reports help establish a clearer perspective for the
commercialization progress reported above at relatively early stages of the R&D.

Ability to make new and/or better products

Many of the 54 percent who report an ability to make new and/or better products are not yet ready to start
commercia production. Market launch may be some years off; however, key technical barriers to
commercialization have been overcome.

"We are able to make ....drills with life expectancy 10-20X."

"We can now make good quality, repeatable automotive lighting fixture parts. The performanceis
good, and samples have gone past the prototyping stage, and are now in the designed-in stage of
devel opment.”

"Five-inch diagonal proof of concept display built."

"We are now producing ... plugs made with insulators that have been injection molded using this
technology.”

"We have taken an observation made just prior to ...ATP proposal... and transformed it into a
revolutionary product line ... that we manufacture and that are distributed by '2' of the world's
largest and most respected life science companies.”

"We are able to make a better metrology product for thefuel injector industry. Based on test results
and direction from our strategic partner..., we have reduced the amount of residual instrument
error...\Work continues ... to improve its thermal stability. Further, we have achieved better
accuracy while implementing phase diffractive optics."

"Higher density of the part was achieved. Extended the range of usable materials. Enhanced
magnetic properties.”

"The ... databaseis clearly ahead of itstime. With one more iteration, the database will likely be
ready for commercialization together with the software, which is now quite stable.”

Prototyping and customer testing

"We are currently conducting field molding trials at five different potential customers. A wide
variety of specialty electrical parts are being prototyped with significant positive response.”

"Our first prototype fabrication allows us to make a manufacturing cost estimate based on

experience and known processes. It predicts [our product] will be at least 2X |ess expensive than
other optical technologies and competitive with comparably performing copper interconnections.”
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"We have gone from concept to a demonstrable prototype and will soon have scalability and
performance data to match."

"We now have enough of the technology visible that we are discussing installation/eval uation with
alarge number of companies.”

Implementation of new or improved production processes

The 39 percent of companies reporting implementation of new or improved production processes
embodying some part of ATP-funded technology (Figure 26), in experimental or actual production lines,
further described early effects on production efficiency, costs, and/or product quality.

"Implemented continuous cable assembly fabrication technique, which should result in lower cost
cable assemblies.”

"Robotic handling techniques have been introduced to the process to speed up post mold processing
and demonstrate the cost savings attributed to automation."

"There have been many offshoot process improvements resulting from ATP funding. Core
technology improvements in primer extension biochemistry have been adapted to our currently
commercialized platforms. Software improvements have been integrated across the company for
data analysis and reporting, enabling service lab volume to increase without an increase in data
analysis labor.

"Improved raw materials screening, improved process control and improved measures to assure
product consistency.”

"We have reduced necessary on-site time by approximately one third and developed much better
reporting systems.”

"From the process research that we have so far performed, we have improved our abrasive media
formulations, identified key processvariablesand have improved the control of these variableswith
advanced controls and data collection.”

"We established a new way of casting ...with the proper coefficient of expansion as well as other
parameterssuch as 1) size, 2) thickness. Thisachievement isunique asonly onein theindustry has
been able to achieve same."

"ATP hasenabled [us] to begin building an interoperability lab for testing interoperability between
different video and network devices from multiple vendors. Thisinteroperability lab will enable us
to build better products and solve interoperability issues before products reach the field."

"We have developed engineering scale automated cleaning-in-place and testing systems for
membr ane separations and are developing new applications.”
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7. CHANGESIN COMPETITIVENESS
Trends in Competitiveness and Competitive Conditions

Isthe progress of ATP-funded technologies keeping pace with developments in fast-moving international
markets? Many companies report that the competitive standing of their ATP-funded technology has
improved over the course of the ATP project. The window of opportunity appears to remain open for
successful market entry of many new products and processes which are currently in the planning or early
commercialization stage. However, some companies have fallen behind in the race for international
market position for at least some applications and/or have encountered new competitors.

Figure 26 illustrates the overall changes in competitive standing along with changes in some underlying,
external conditions that affect the competitiveness of ATP-funded technologies for companies reporting
after one or more years of ATP funding. From the lower part of the figure, in the first panel, we see that
42 percent of this group of companies report that their competitive standing has improved for at least
one application of their ATP-funded technology. Across all applications (upper part of the figure),
companies report that their competitive standing has improved for 32 percent of all applications of the
ATP-funded technology currently on the market or being planned, but that it has worsened for nine
percent of applications. Overall competitive standing is believed to be unchanged for most applications.

Figure 26. Changes in Competitiveness
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Source: Business Progress Reports for 725-726 applications being pursued by 348-349 companies in 197 ATP projects
funded 1993-1997--after one or more years of ATP funding.
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Subsequent panels consider specific conditions affecting competitiveness. Those conditions examined
remained unchanged for two-thirds or more of applications. Nevertheless, twenty-nine percent of
companies report that domestic economic conditions have improved for at |east oneapplication, and only
nine percent that conditions have worsened. On the other hand, for only 13 percent of companies have
international political and/or economic conditions improved for at least one application; they have
worsened for 11 percent of companies. Twenty-three percent of companies had encountered competitors.
International trade barriers do not appear to have affected competitiveness.

A more in-depth analysis (not illustrated) indicates that companies reporting a worsened competitive
standing or new competitors span the entire spread of technologies funded by ATP. Worsening
conditions do not appear to be heavily concentrated in particular technology areas or target industries.

Status of Competitors

Figure 27 provides more detail concerning how ATP-funded companies have been doing relative to their
competitors and illustrates possible future trends in competitiveness. Companies report that their own
position has not changed for 52 percent of applications. Nevertheless, their competitors, although still
behind have advanced for 17 percent of applications, and have pulled even or are ahead for nine percent
of applications.

Figure 27. Status of Competitors
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Source: Business Progress Reports for 769 applications being pursued by 366 companies in 197 ATP projects funded 1993-1997--
after one or more years of ATP funding.

These results suggest that some ATP-funded companies face highly competitive, dynamic product
markets in commercializing their technologies. The entry of ATP-funded technologies into the
marketplace will tend to increase the level of competition in existing markets as increased investment and
advances by ATP-funded firms stimulate others to “catch-up” or to make their own advances. ATP
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funding also helps increase the visibility of promising new technology areas, and this helps spawn entirely
new firms and product markets.

The window of opportunity remains open for the vast majority of applications currently planned by ATP-
funded companies, but these companies will likely be under pressure to meet technology-development
goals on a timely basis and to identify new applications as the technologies evolve and market conditions
change.
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8. INTELLECTUAL PROPERTY PROTECTION AND
DIFFUSION OF TECHNOLOGY

Protection and Disclosure of Intellectual Property

Protection of intellectual property through formal patent and copyright mechanisms provides legal
protection against use of an invention without permission or compensation. The patent or copyright
converts the intellectual property into a potential income-earning asset and, for many applications and
industries, is critical to the ability of the innovator to commercialize a new technology. In return for
patent protection, however, the innovator must agreeto public disclosure of the patented invention and
(to alesser extent) copyrighted material. Disclosure providesameans of attracting commercial partners
interested in licensing or joint production opportunities, and thus reinforces the private commercial
purposes of the intellectual property protection; however, it also is a mechanism for unintended
knowledge spillovers--to competitors or others who may be in a position to exploit the knowledge
without paying for it. (See Jaffe, 1996.) Patent and copyright activity isan important component of the
direct pathway to national economic benefitsin that it provides necessary protections for ATP-funded
companies to commercialize their technologies profitably; simultaneously, it provides an indirect
pathway to national economic benefit through knowledge spilloversto othersinapositionto benefit from
the ATP-funded innovation.

Figure 28. Intellectual Property Strategies Planned
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Both aspectsof patent and copyright protection areimportant to achieving maximum commercialization,
diffusion, and social benefit of the ATP-funded technologies: Patent and copyright protection afford
ATP-funded firmsincentives, in the form of protection of titleto their innovations, to undertake costs of
product development and marketing needed to launch a commercial product, and may help open new
licensing and other partnering opportunities. The wider the commercial use of the technology and the
greater the spread of informati on concerning resulting productsand processes, the greater the opportunity
for market spilloversto usersand customers and for knowledge spilloversto othersin aposition to make
use of the knowledge for their purposes.

Most companies report plans to protect intellectual property created in their ATP project, whether they
plan to producein-house or to license the technol ogy to others. Asshownin Figure 28, patent protection,
copyright protection, and maintenance of trade secrets are listed respectively as primary strategies by 63
percent, 29 percent, and 51 percent of companies. A more detailed analysis (not shown) indicates that
eight percent of the companies listed all three strategies as primary; 13 percent listed both patents and
copyrights as primary; and 22 percent listed both patents and trade secrets as primary strategies. Thus
some combination of legal protection and secrecy/first mover advantages appears to be a common
strategy. Of course, to the extent that companies patent their technology they cannot expect to maintain
the same knowledge secret; but companies may identify some aspects of their technology best protected
by patent and other aspects best protected by secret, and thus combine the two strategies.

Organizations receiving ATP awards in the FY 1993-1997 competitions report that the ATP-funded
technologies build on [and intellectual property rights are protected by] over 2,000 pre-existing patents.
Companies seeking title to new intellectual property created with ATP funding have reported to NIST
239 new patentsfiled, eight copyrightsfiled, and 23 patentsissued. Often foundational patents predate
the ATP project, and the ATP project focuses on bringing the technology beyond arough concept.

Dissemination of Non-Proprietary Information

Published papers, conference participation, news articles, press releases, and internet sites provide
additional dissemination of information about ATP-funded technologies. Many companies are very
activein publishing papers, issuing pressrel eases, and making public presentationsconcerning their R& D
activities— some more than others. Universities and other research organizations, with the agreement
of the for-profit companies holding title to ATP-funded intellectual property, have also been activein
disseminating non-proprietary information about their ATP-funded technology development. Table 4
provides a summary of the activity through March 1998 in published professional journal articles and
conference papers alone.

Table 4. Dissemination of Non-proprietary Information from ATP-funded Projects

Papers in Professional Papers Presented at
Journals Conferences
Total Number of Papers 250 706
Number of Organizations Reporting Papers 74 186
Number of Projects Reporting Papers 64 143

Note: Across the 199 projects reporting, an average of 1.3 professional journal articles were published and 3.6 conferences papers presented per project.
Thirty-two percent of the projects produced at least one professional journal article; 72 percent of the projects produced at least one conference paper.

Source: Business Progress Reports from 199 ATP projects funded 1993-1997- after one or more years of ATP funding.
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According to the BRS data, more than half the projects covered in this study have produced published
conference papers, and approximately one-fourth have produced published articles in professional
journals. On average, about 3.6 conference papers have been presented and 1.3 professional journal
articles published per project.
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9. RELATIONSHIP TO PRIOR WORK AND CONCLUSIONS

Although nearly all the ATP projects funded 1993-1997 were till in the R& D phase as of early 1998,
an analysis of the business reports from 199 projects after at |east one year of funding suggests that the
necessary conditions for achieving national economic benefits are evolving, although not necessarily at
the same rate or to the same extent for all projects.

Relationship to Prior Work

Findingsfrom the BRS dataarelargely consistent with the findings of two third-party surveysof projects
not in the BRS. Silber & Associates surveyed projects funded from 1990 through 1992 after
approximately two-to-threeyearsof funding (Silber & Associates, 1996). Solomon Associates surveyed
ATP'sfirst competition awardees after just one year of funding (Solomon, 1993). The BRS captures
much greater detail than the third-party telephone surveys, explicitly covering the evolution of amyriad
of applications. And, of course, the BRS captures the voices of awardees directly without athird party
intervening. Although specific summary statistics differ somewhat, analyses of BRS data generally
confirm earlier survey resultsthat ATP awards are "enabling [industry] to afford and engage in high risk
research," "stimulating collaboration and formation of strategic alliances," "shortening the R& D cycle,"
"helping attract additional funding,” and "creating new business opportunities,” among the many other
effects reported by those earlier studies. Results of the current study parallel results of Powell’ s study
of ATP projects funded 1993-1995 (Powell, 1997) but with the current study showing increased
commercialization activity commensurate with the more advanced average level of ATP project
completion. (See Appendix B.) A more recent study by Powell based on BRS data focused on ATP-
funded small firms. This study identified a number of factors that have contributed to the success of
small firms in winning ATP awards and found that small firms are keeping up with larger firms in
achieving major milestonestoward commercialization at | east through the period of funding of R& D and
that those in joint ventures appear to be making particularly rapid progress (Powell, 1999).

Summary of Findings

Opportunities for economic spillovers from the portfolio of projectsin the BRS appear strong, and for
the most part consistent with the original basisfor project selection. Project participants have identified
morethan 1,200 applications of the technol ogies under devel opment and reported on commercialization
plansfor over 970 applications spanning the spectrum of SIC (or NAICS) industries. Most applications
involve new products with significant performance improvements over existing/defender technologies,
offering dramatic possibilities for productivity improvements. Many are "new-to-the-world-products’
aimed at brand new markets. Most companies seek to address stages of production relatively early inthe
production chain, for example, materials processing or component manufacture, creating maximum
opportunity for intermediate producers/customers at multiple later stages, and even in multiple
application areas, to experience market spillovers.

Opportunities for additional economic spillovers through technology diffusion are being enhanced by
patent and licensing activity and dissemination of non-proprietary information. ATP projects build on
morethan 2,000 existing patents, and more than 90 percent of companies plan to patent or copyright their
ATP-funded technologies as a primary intellectual property strategy. More than two hundred patents
have been filed, and 23 patents have beenissued. Licensing to othersisaprimary or secondary strategy
for commercializing 47 percent of the planned applications. Conference activity and publication of
papers has been very vigorous, with an average of 3.6 conference papers presented and 1.3 professional
journa articles published per project.
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Consistent with ATP's mission to accelerate the creation and commercialization of advanced
technologies, acceleration of the R&D process and time-to-market reduction appear to be important
project goals, with acceleration of at least two years anticipated for 65 percent of applications. 1n many
cases the time saved may be critical to meeting the narrow window of opportunity in fast-paced, highly
competitive technology and product areas. Eighty-six percent of organizationsindicate they are already
ahead in their R&D cycle as aresult of ATP funding; of these, 24 percent believe they would not have
started the project without ATP funding; 55 percent are one to three years ahead after just one or more
years of ATP funding.

ATPfunding appearsto have stimulated increasesin private sector investment in high risk R&D. Some
projects would not have been undertaken at all with ATP funding, and others received a higher level of
private investment as aresult of ATP funding. An estimated $320 million of company internal funds
have been invested in or committed to ATP projects beyond what industry alone would have investedin
the absence of the ATP awards, an estimated 58 percent increase in industry's investment in the ATP-
funded technology areas. Thisincreased industry investment isin addition to the ATP funding and the
funding industry would otherwise have invested. Approximately $200 million of new funding from
outsidethe awarded organi zations hasbeen attracted to support the ATP-funded technol ogy devel opment
and commercialization of current or future products. Most organizations further report that the ATP
award has changed the nature of their R&D program to encompass a broader scope, higher level of
technical risk, and/or longer-term R& D horizon.

The ATP appearsto be meeting itslegislated objectives of stimulating successful collaborations among
companies and among industry, universities, and research laboratories. Eighty-six percent of
organizations, from a mix of joint venture and single-company projects, report that their project has
involved collaboration with other organizations. Of these: 88 percent indicated that the ATP was
responsible to a moderate or great extent for the collaborations; 97 percent reported that stimulation of
creative thinking was significantly or moderately enabled by collaboration; 85 percent reported saving
time as a result of collaboration were significantly or moderately enabled by collaboration; and 80
percent or more reported that obtaining R& D expertise, accel erating entry into the marketplace, and/or
encouraging future collaborations were significantly or moderately enabled by collaboration. Of the
same group, 56 percent indicated that project coordination and management costs were significantly or
moderately affected by collaboration; however, only 18 percent reported delays in beginning the R&D,
and only 8 percent anticipated delaysin product entry into the marketplace or other difficultiesasaresult
of collaboration costs.

Companies report active engagement in the commercialization planning activities needed to enter the
marketplace in atimely manner, once the technology is ready. Companiesin 84 percent of the projects
have completed product/process definition for at least one application; companies in 70 percent of the
projects have completed concept testing for at |east one application. Although production has begun for
only 10 percent of applications being planned, 64 percent of projects have completed a production
prototype for at least one application, and 55 percent of projects have completed pilot production or a
commercial demonstration for at least one application. Alliances are being negotiated with strategic
partners for commercialization, with small companies particularly focused on this activity.

Progresstowards achieving revenue goalsisalso reported. Most expect revenue one-to-threeyears after
the project ends, but for 19 percent of applications, revenue is expected from spin-off activities before
the end of ATP funding, and for nearly eight percent of applications and organizations, revenue is not
expected until four or more years after the ATP project ends. Fifty-four percent of the companies,
representing 66 percent of the projects, report they are now ableto makeanew or improved product, even
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though the product may not be ready for the marketplace for some time. Thirty-nine percent of
companies, representing 51 percent of projects, report they have adopted processimprovementsresulting
from ATP funding. Seventeen percent of companies, representing 27 percent of projects, indicate they
had already earned some early product revenues, amounting to more than $67 million by March 1998,
from sales of samples and prototypes and early "spin-off" products. Some companies have also realized
their first licensing revenues. The nature and timing of thefirst revenues appear consistent with the R& D
status of these projects and projected timeline for revenues (see Figure 14).

Plans for Future Work

The ATP plans to continue the BRS data collection for future projects and participants funded by the
program. Inaddition to providing alarge volume of datacovering more projectsfor alonger time period,
the BRS will continue to provide an evolving picture, with statistical summary metrics, of the status of
ATP projects towards meeting ATP's legislated economic objectives.

A new study underway extendsthe analysis of BRS datathrough September 30, 1999. Thisstudy covers
300 ATP projects funded through FY 98, and includes reports from nearly 600 project participants
reporting on more than 1,500 commercia applications of ATP-funded technologies.

Besides routine data collection and maintenance, work is anticipated in a number of areas:

® Extension of theBRS-- Extension of thisdatabaseisfocusing on development of questionsfor post-
project reports required every two years for six years following the end of the ATP award. These
guestions will update commercialization activity and probe in more detail for evidence of intra-
industry and inter-industry diffusion of ATP-funded technologies and of benefits to users, for
example, health and safety impacts, as well as longer-term economic impacts on the companies
funded. Thisinformation will be invaluable in studies of economic spillovers. Data collection is
now underway for organizations funded in FY93 and FY 94.

® Revision of the BRS -- A mgjor revision of the BRS routine reporting questions is also underway.
The mgjor purpose of the revision isto develop a more user friendly web-based reporting format.
In the course of that revision process, some content changes are being made, drawing on our
experiencein using the BRS to date and on feedback from other economists, aswell asfrom ATP-
funded organizations reporting to us.

® Additional, detailed studies using the BRS -- The BRS supports detailed analysis of many aspects
of ATP sproject portfolio. For example, projects can be sorted by type, industry sector, technology,
geographical location, and other attributes. The BRS databaseis part of the broader ATP relational
database structure and can further be linked to external, establishment-level national data sources
by 4-digit SIC code. Under appropriate restrictions to maintain confidentiality of company
information, the data are used by economic researchers in studies of ATP project and program
progress and impact. The BRS data can also be used in conjunction with information from diverse
sources to support a variety of evaluation studies, including detailed case studies.
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APPENDICES

Appendix A. Planned Diverse Applications of ATP-funded Technologies

Appendix A.1 Planned Diverse Applications of ATP-funded Technologies—
Information Systems

Example: ATP-funded INFORMATION/COMPUTER SYSTEMS
technologies support applications in numerous industry sectors

INFORMATION
TECHNOLOGY/
COMPUTER
SYSTEMS
32% Other
(SIC 87, 50, 10, 38,
82,41,...)

19%

Electronic & Other
Electric EQuipment

(SIC(:) 36) Business
9% Services
(SIC 73)

Industrial 52%
Machinery
& Equipment
(SIC 35)

10%

Health
Services
(SIC 80)
10%

Note: "Other" SIC categories are defined in Appendix A.7
Source: Business Progress Reports for 974 applications being pursued by 463 companies in 256 ATP projects funded 1993-1997.
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Appendix A.2 Planned Diverse Applications of ATP-funded Technologies--
Manufacturing (Discrete)

Example: ATP-funded MANUFACTURING (DISCRETE) technologies
support applications in numerous industry sectors

MANUFACTURING
(DISCRETE)
21%
Other Transportation
(SIC 34, 30, 13, 33, Equipment
73,87,01,...) (SIC 37)
25% 24%
Leather &
Leather Products
(SIC 31)
6% . .
Instruments & Industrial Machinery
Related Products & Equipment
(SIC 38) (SIC 35)
16% 29%

Note: "Other" SIC categories are defined in Appendix A.7.

Source: Business Progress Reports for 974 applications being pursued by 463 companies in 256 ATP projects funded 1993-1997.
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Appendix A.3 Planned Diverse Applications of ATP-funded Technologies--
Biotechnology

Example: ATP-funded BIOTECHNOLOGY technologies
support applications in numerous industry sectors

&

BIOTECHNOLOGY
13%

Other
(SIC 02, 51, 89)
12%

Engineering &
Management Services
(SIC 87)

7%

Health Services Chemicals &
(SIC 80) Allied Products
11% (SIC 28)

48%

Instruments &
Related Products
(SIC 38)
22%

Note: "Other" SIC categories are defined in Appendix A.7.

Source: Business Progress Reports for 974 applications being pursued by 463 companies in 256 ATP projects funded 1993-1997.
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Appendix A.4 Planned Diverse Applications of ATP-funded Technologies--
Electronics

Example: ATP-funded ELECTRONICS technologies
support applications in numerous industry sectors

-

ELECTRONICS
10%
Other
(sic 80, 13, 31,
27, 33, 51, 73, 95)
Transportation 16%
Equipment
(SIC 37)
5%
Industrial Electronic & Other
Machinery & Equipment Electric Equipment

(SIC 35)

(SIC 36)

8% 38%

Instruments &
Related Products
(SIC 38)
33%

Note: "Other" SIC categories are defined in Appendix A.7.

Source: Business Progress Reports for 974 applications being pursued by 463 companies in 256 ATP projects funded 1993-1997.
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Appendix A.5 Planned Diverse Applications of ATP-funded Technologies--
Chemicals & Chemical Processing

Example: ATP-funded CHEMICALS & CHEMNICAL PROCESSING
technologies support applications in numerous industry sectors

N

CHEMICALS &
CHEMICAL
PROCESSING
7%

Other
(SIC 22, 38, 73, 50,
36,80,...)
18%

Rubber & Miscellaneous
Plastics Products

(SIC 30)

4%
Industrial Machinery
& Equipment

(SIC 35)

4% Chemicals &
Petroleum & Allied Products
Coal Products (SIC 28)
(SIC 29) 66%

8%

Note: "Other" SIC categories are defined in Appendix A.7.
Source: Business Progress Reports for 974 applications being pursued by 463 companies in 256 ATP projects funded 1993-1997.
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Appendix A.6 Planned Diverse Applications of ATP-funded Technologies--Energy
and Environment

Example: ATP-funded ENERGY & ENVIRONMENT technologies
support applications in numerous industry sectors

Transportation
Equipment
(SIC 37)

6%
ENERGY & A
ENVIRONMENT Other
% (SIC 28, 50,
& 29)

9%

Oil & Gas Extraction
(SIC 13)
6%

Industrial Machinery
& Equipment
(SIC 35)

50%

Electronic & Other
Electric Equipment
(SIC 36)

29%

Note: "Other" SIC categories are defined in Appendix A.7.

Source: Business Progress Reports for 974 applications being pursued by 463 companies in 256 ATP projects funded 1993-1997.

Development, Commercialization, and Diffusion of Enabling Technologies: Progress Report



Appendix A.7: SIC Codes Included in “Other” Category

Applicable to Figure 4 and Appendices A.1 through A.6

01 Agricultura Production - Crops

02 Agricultural Production - Livestock

10 Metal Mining

13 Oil and Gas Extraction

16 Heavy Construction, Ex. Building

22 Textile and Mill Products

23 Apparel and Other Textile Products

27 Printing and Publishing

28 Chemicals and Allied Products

29 Petroleum and Coal Products

30 Rubber and Misc. Plastic Products

31 Lesather and Leather Products

32 Stone, Clay, and Glass Products

33 Primary Meta Industries

34 Fabricated Metal Products

35 Industrial Machinery and Equipment
36 Electronic and Other Electric Equipment
37 Transportation Equipment

38 Instruments and Related Products

41 Loca and Interurban Passenger Transit
42 Trucking and Warehousing

49 Electric, Gas, and Sanitary Services

50 Wholesale Trade - Durable Goods

51 Wholesale Trade - Nondurable Goods
73 Business Services

76 Miscellaneous Repair Services

78 Motion Pictures

80 Health Services

82 Educationa Services

87 Engineering and Management Services
89 Services, Nec

92 Justice, Public Order, and Safety

94 Administration of Human Resources
95 Environmental Quality and Housing
97 National Security and International Affairs
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Appendix B. Comparison of ATP Progress at Two Points in Time

ThisATP progressreport for projectsfunded 1993-1997 parallelsthe ATP progressreport Devel opment,
Commercialization, and Diffusion of Enabling Technologies published in December 1997 for projects
funded 1993-1995. In combination, the two reports provide snapshots of progress towards
commercialization and diffusion of ATP-funded technologies at two pointsin time for agrowing group
of ATP projects funded since 1993. Drawing upon the analyses performed for the two separate reports,
Appendix B compares progress at the two pointsin time: 1996 and 1998. The comparative results are
based on Anniversary and Close-out Business Reports; i.e., they reflect reportsfrom project participants
which had received a year or more of project funding as of the time of data collection. None had yet
completed a Post-Project Report.

Appendix B.1 Distribution of Types of Participation and Types of Organizations

Organizations Reporting Progress After One or More Years of Funding

1996 1998
285 Organizations 424 Organizations
179 Projects 199 Projects

Non-profits &
Gov't Labs

4%

Non-profits &
Gov't Labs
6%

Universities
5%

Universities
4%

Large
Businesses
31%

Businesses Applicants
30% 30%

Single
Applicants Joint

Joint

Venture
Participants
70%

42% Venture
Participants
58% Medium
Businesses

23%

Medium
Businesses
22%

I
I
I
I
I
I
Large | Single
I
I
I
I
I

Notes: * Fewer than 500 employees.
** Fortune 500 or equivalent as of Fortune 500 listing published April 1997.

Sources: 1996: Business Progress Reports from 285 organizations in 179 projects funded 1993-1995 reporting progress after one or more years of ATP funding.

1998: Business Progress Reports from 424 organizations in 199 projects funded 1993-1997 reporting progress after one or more years of ATP funding.

The number of projects for which comparable information was available increased by only 20 between
1996 and 1998; however, the number of reporting organizations increased by 139. Thisis because the
additional projects included in the later report were mostly large joint ventures. As a result, the
distribution of types of participation is more heavily weighted to joint venture participantsin 1998 than
in 1996. Thedistribution of types of organizations changed relatively little, though there was adlightly
smaller percentage of small businesses (with <500 employees) and adlightly larger percentage of large
busi nesses (Fortune 500 or equivalent) in 1998 than in 1996. Thisisdueto thefact the new joint venture
projects included in the 1998 data contained more large firms than was typical of the projects covered
in the 1996 data.
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Appendix B.2 R&D Status

Level of Progress:

In completing all R&D needed for
commercialization (i.e., to begin product
development/clinical trials, and full
commercialization)

In completing the ATP-funded project

100 —
1996 [N 1995 1906 I 1998
Median 1996 = 35% Median 1996 = 23%
Median 1998 = 61% Median 1998 = 41%

80 |—

60 |—

45%

38%

40 —

27%

20 — 16%

11%

Sources: 1996: Business Progress Reports for 285 organizations in 179 ATP projects funded 1993-1995
reporting progress after one or more years of ATP funding.

1998: Business Progress Reports for 413 organizations in 198 ATP projects funded 1993-1997
reporting progress after one or more years of ATP funding.

8%

9
4/03%

<10%
10-24%
25-49%
50-74%
75-100%
<10%
10-24%
25-49%
50-74%
75-100%

In 1998, compared with 1996, the portfolio of projects funded since 1993 had progressed considerably
further towards completing their period of ATP funding; i.e., the projects as a whole had “aged”
considerably despite the addition of new projects. (This picturewill change as data becomes available
for the large number of projects funded in 1997 and 1998.) In 1996, half the reporting organizations
indicated their ATP projects were at least 35 percent complete; while in 1998, half the reporting
organizations indicated their ATP projects were at least 61 percent complete. 1n 1998, 31 percent of
reporting organizationsindicated their ATP projectswere 75-100 percent compl ete, compared with only
6 percent in 1996.

Although some project participantshave engaged in early typesof commercialization activity by thetime
ATP funding ends, most face additional R&D. In 1998, half the reporting organizations indicated the
total R&D required was at least 41 percent complete; while in 1996, half the reporting organizations
indicated thetotal R& D required was at |east 23 percent complete. 1n 1998, only 16 percent of reporting
organizations believed they had completed 75-100 percent of the R&D required for full
commercialization, compared with 31 percent of the same group which had achieved 75-100 percent
completion of their ATP project and compared with only 4 percent of the 1996 group that had achieved
thislevel of completion of all R& D needed.
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Appendix B.3 Early Commercialization Activities—Strategic Alliances and Licensing
Agreements

Number of Projects

Number of Companies

1996 1998 1996 1998
Negotiations/discussions held with potential 69 97 77 113
strategic partners
Alliances formed with suppliers 24 37 27 37
Alliances formed with customers 24 49 24 52
Alliances formed for joint production 16 34 17 37
Alliances formed with distributors 8 30 8 30
Total alliances formed 72* 150* 76* 156*
Negotiations/discussions held with potential 32 53 32 53
licensing partners
License agreements signed 15 42 15 42

Note: *Projects/companies reporting more than one type of alliance are included multiple times.

Sources: 1996: Business Progress Reports from 271 companiesin 178 ATP projects funded 1993-1995 reporting progress after one or more

years of ATP funding.

1998: Business Progress Reports from 356 companies in 198 ATP projects funded 1993-1997 reporting progress after one or

more years of ATP funding.

As they moved towards ATP project completion, companies stepped up their commercialization activity
(at their own expense). Building on market research and identification of customers performed earlier
intheir R&D cycle, companies worked to strengthen relationships with potential customers and suppliers,
or with potential licensing partners, and to build strategic alliances across their supply chains. The
number of alliances formed with customers, joint production partners, and distributors, as well as the
number of license agreements signed, more than doubled between 1996 and 1998.
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Appendix B.4 Early Commercialization Activities-Commercial Production and
Sales

1996 (268-276 Companies) | 1998 (330-332 companies)

Percent of Companies -- For at least one application

0 20 40 60 80 100
I I I I 1

Completed protot 27%
ompleted prototype
p p yp 529
Completed pilot 24%
production/commercial
demonstration 42%
. 5%
Began Production
14%
Adopted process 28%
improvements 39%

Earned Revenues from

products/services 10%
1996: >$20 M reported 17%

1998: >$67 M reported

Earned licensing royalties 1%
1996: $445 K reported
1998: $5 M reported 4%

Sources: 1996: Business Progress Reports from 268-276 companies in 176-181 projects funded 1993-1995 reporting progress
to commercialization activities after one or more years of ATP funding.

1998: Business Progress Reports from 330-332 companies in 191-192 projects funded 1993-1997 reporting progress
to commercialization activities after one or more years of ATP funding.

Companies are achieving important business milestones towards use of ATP-funded technology in
commercial products and processes, and making steady progress over time. By 1998, with 3 1percent of
companies having completed 75-100 percent of their ATP project and half having completed at least 61
percent of their project, 52 percent of the companies had completed a production prototype for at least
one application, 42 percent had completed pilot production or a commercial production for at least one
application, and 39 percent had adopted process improvements deriving from the ATP project for at least
one application. In 1996, when only 6 percent of the projects were 75-100 percent complete and half
were only 35 percent complete, 27 percent of companies reporting commercial applications indicated
completion of a production prototype, 24 percent of pilot production or a commercial demonstration, and
28 percent indicated adoption of process improvements deriving from their ATP projects.

Sales and licensing activity is occurring even before ATP-funded R&D is complete, as companies seek
to solidify customer relationships at early stages of technology development and build cash flow. In
1998, 17 percent of companies reporting commercial applications had already earned some revenues from
ATP-funded technology, for example, from sale of prototypes or spin-off products, compared with 10
percent in 1996. By 1998, actual revenues of $67 million from products or services, and of $5 million
from licensing ATP-funded technologies, were reported.
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Appendix B.5 Protection of Intellectual Property and Dissemination of Non-proprietary

Information
Total Average Per Average Per
Organization Project

1996 1998 1996 1998 1996 1998
Patents Filed 105 239 0.4 0.6 0.6 1.2
Papers in Professional 131 250 0.5 0.6 0.7 1.3
Journals
Papers Presented at 372 706 13 1.7 2.1 3.6
Conferences

Sources: 1996: Business Progress Reports from 262-285 organizations in 179 ATP projects funded 1993-1995 reporting progress after one
or more years of ATP funding.

1998: Business Progress Reports from 377-424 organizations in 199 ATP projects funded 1993-1997 reporting progress after one
or more years of ATP funding.

Patenting of ATP-funded technology and dissemination of knowledge created in ATP projects, through
such mechanisms as professional papers and conference presentations, create opportunities for economic
spillovers to other organizations and industries besides ATP award recipients. For many projects, these
activities start early in the project and continue for some time after ATP funding ends. The total number
of patents filed, and the average per project, more than doubled between 1996 and 1998. The average
number of professional papers and conference presentations per project increased substantially but these
activities apparently occur more evenly over the ATP project life while patenting activity, on average,
occurs later in the project life.

Appendix B: Summary

Based on analyses performed for the two ATP progress reports Development, Commercialization, and
Diffusion of Enabling Technologies for projects funded 1993-1995 and Development, Commercialization,
and Diffusion of Enabling Technologies for projects funded 1993-1997, this Appendix summarizes the
evolution of ATP-funded technologies towards commercialization and opportunities for technology
diffusion according to several key measures for which comparable data were collected for the two reports.
Because relatively few new projects became eligible for data collection during the intervening time
period, both reports cover largely the same populations of projects, but assessed at two different points
in time, 1996 and 1998. This relative consistency in the portfolio across the two reports facilitates
comparisons for the two time periods and it affords us the opportunity to watch business and economic
progress unfold simultaneously with R&D progress for a substantial number of projects.

The comparative analyses show that as the “average” (median) ATP project participant progressed from
having completed about one-third of its R&D on the ATP project to nearly two-thirds between 1996 and
1998, the frequency of strategic alliance and licensing activity doubled, patenting activity doubled, the
percentages of project participants which had completed production prototypes increased
commensurately, and sales and licensing revenue from ATP-funded technologies started to become
significant, reaching $72 million by early 1998 (up from $20 million in 1996).

Development, Commercialization, and Diffusion of Enabling Technologies: Progress Report









