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Abstract

An important component of the Advanced Technology Program’s (ATP) economic evaluation plan for
tracking project progress and outcomes is the administration of an electronic survey on a regular basis

to participantsin all projects funded since 1993. Progress of projects is compared against business plans
and projected economic benefit goals outlined in their proposals. The resulting Business Reporting
System (BRS) database is used for ATP project management and for evaluation research. Based on BRS
data compiled through December 31, 1996, filed by 480 companies in 210 projects, funded in 19
competitions, this paper provides an overview of pathways to achieving targeted commercial and
broader economic goals. Progress reports for the group of projects provide a variety of evidence of (a)
opportunities for economic spillovers and national economic benefit and (b) activities supporting

technology diffusion.

The ATP’s Business Reporting System:
A Tool for Economic Evaluation

The use of comprehensive surveys of ATP projects and
participants has been a central component of ATP program
evaluation from the beginning. In the early years of the
program, the ATP relied on third-party surveys of projects
to determine their progress. In early 1994, the ATP imple-
mented the Business Reporting System (BRS), a compre-
hensive data collection tool for tracking, on a routine and *
regular basis, progress of projects against business plans
and projected economic benefits outlined in the project
proposals and updated over the course of the projects. The
survey system, electronically administered, has beenimple-
mented for projects selected in 1993 and since, from their
inception. To ensure maximum confidentiality of informa-
tion and detail concerning the multiple commercialization
activities of joint venture members, data is collected at the
individual participant level (directly from individual com-
panies, universities, and not-for-profit organizations) within
a project.

The survey information collected through the BRS
comprises part of the integrated ATP database framework.
It is used for ATP project management, as well as for
performing evaluation research. Over time, the data is
expected to support comprehensive analyses of the behav-
ior of firms conducting R&D and developing new technolo-
gies, of their business progress, and of resulting economic
benefits.

The Business Reporting System consists of five major *
parts:

» ABaseline ReparAtthe beginning of the project,

in the Baseline Report, companies identify areas

of anticipated applications of the technology be-
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ing developed with ATP funding. They identify
guantitative business goals, including cost and/or
performance targets; key attributes of the technol-
ogy needed to achieve these goals; planned strat-
egies for commercialization; e.g., in-house pro-
duction, licensing, and strategic alliances. They
outline their strategies for protecting intellectual
property; and identify their plans for disseminat-
ing non-proprietary information.

Anniversary ReportsAnnually, in the Anniver-
sary Report, companies expand upon the baseline
information to identify new applications of the
technology and to cover progress towards imple-
menting commercialization strategies. They re-
port on new intellectual property created, early
business developments, collaboration experiences,
attraction of new funding, new intellectual prop-
erty created, and dissemination of information
through conferences, publications, and other
mechanisms. They also provide a summary of
company financial data.

» Closeout ReportAt the project conclusion, in the

Closeout Report, companies update Anniversary
Report information and identify remaining tech-
nical 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 Reportg-ollowing the end of ATP
funding, companies report three times—once ev-
ery two years—concerning actual progress in
commercializing the technology and impacts in-
side and outside the organization attributable to
the technology.



» Quarterly ReportsAt the end of each quarter, Development of Enabling Technologies

other than the initial and anniversary quarters,

companies report the most significant business The ATP funds technology development projects, on a

developments (if any) related to the ATP projects.  cost-sharing basis with industry, through both General

Companies funded in FY 1993 and later are require€ompetitions, open to all technology areas, and Focused
to submit these reports under the terms and conditions @fompetitions, targeted to specified technologies and speci-
their ATP awards. Under ATP’s agreements with projecfied goals. Many projects and entire Focused Programs,
participants, all information reported through the BRS isconsisting of sets of related projects, involve an interdisci-
considered proprietary and confidential. Information isplinary mix of science and technology fields. The ATP uses
released and published only in aggregate, summary statigs own 5-digit, hierarchical technology classification sys-
tical form. Any quoted material is presented without attri-tem to identify technology areas under development by
bution. Nothing is released on an individual company odifferent organizations and projects. Individual companies
project basis unless the company explicitly agrees to theelf select primary and secondary codes which best describe
disclosure or the same information is publicly availabletheir areas of R&D.
such as through company press releases or Internet sites. Figure 1 summarizes the technologies according to

The BRS supports three objectives: (a) to track busitheir first and second level code assignments. More than
ness progress against company plans for achieving corane-fourth of the technology development projects directly
mercialization and broad-based economic impacts; (b) tmvolve Information Technology/Computer Systems, ei-
develop short-term statistical indicators of results; and (cbher hardware or software. Discrete manufacturing and
to build a database to support long-term evaluation ofmaterials comprise major parts of the remainder. These
ATP’s economic impact. three areas of concentration reflect the fact that seven of the

This paper provides a snapshot of pathways to achie\l-2 ATP Focused Program areas funded in FY 1993-1995
ing impact of projects funded in competitions held frominvolve substantial information technology and/or materi-
1993 through 1995. It draws on the BRS to capture planals processing and manufacturing technology. (This distri-
for commercialization and diffusion of ATP-funded tech-bution differs somewhat from other technology classifica-
nologies resulting from 210 projects as reported by 48@ions published by the ATP because the distribution shown
separate organizations funded during FY 1993-1995. The Figure 1 (a) reflects only the projects funded in FY 1993—
information is based on business reports filed througi995; (b) reflects R&D activity at the organization level for
December 31, 1996. The 210 projects are a subset of 3§#nt ventures, whereas, other ATP classifications are at the
projects funded by the ATP from 1990 through 1997. Noproject level (i.e., organizations in a given joint venture
included are 72 projects funded in FY 1996 and 199project do not necessarily work in the same technology
because they had not yet begun reporting at the time tlegea); and (c) is based purely on the number of organiza-
data were analyzed, the 60 projects funded between 1980ns working in a given technology area, not on the
and 1992 because they were funded prior to implementaelative amount of funding to the technology area.)
tion of the BRS, and nine projects that would have been in  Further analysis of projects funded in these broad

the BRS but were cancelled. technology areas begins to capture the interdisciplinary
nature of the work. For example, the second-tier analysis in

Data Show Opportunities Figure 1 shows that six percent of the work in Manufactur-

for Economic Benefits ing (Discrete) involves “intelligent” manufacturing; 12

percent of the work in Information/Computer Systems is

Of the subset of 480 organizations in 210 projects, 37lﬁjardware. A third-tier analysis (not presented) would show

companies in 208 projects have reported plans for comme nat cor_nputer hardware h.as a strong electro.mcs compo-
nent. Digital data storage is one example. This next level

cializing one or more applications of the ATP-funded . . :
technologies. Not surprisingly, most universities, non-Of analysis also would reveal the overlapping of projects

profits, and government laboratories have not provideé‘cros’s disciplines and the difficulty of classifying them. For
[hstance, some computer systems components and related

manufacturing technologies are assigned to the Electronics
ategory; e.g., Displays and Semiconductors and Micro-
lectronic Fabrication technology.

for dissemination of non-proprietary information concern-
ing technology developed with ATP funds. These plans of
businesses for commercialization and of non-profits fof
knowledge dissemination are important because they poin T . .

out two different kinds of pathways by which the technolo-léent'f'catlon of Business Opportunities
gies will have future economic impact: (1) directly through . - : e
products and processes introduced in the marketplace tt)Xa Nearly 400 project participants have idenified more

the innovators, and (2) indirectly through the knowledge n 1,000 applications of thg tgchpologies under develop-
created by the innovator and disseminated to others. ment and provided commercialization plans for nearly 800
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applications spanning the spectrum of SIC industriesneed or problem. Such applications represent opportunities
Figure 2 illustrates the diverse application areas of th&o create totally new markets.
enabling technologies funded in the Materials area. A As shown in Figure 4, many companies envision that
detailed examination of individual reports reveals moregproducts and processes embodying the ATP-funded tech-
explicitly the diverse linkages. For example, companynology will be used in multiple stages of production extend-
reports for one project involving metal and alloy technol-ing from Raw Materials Production to End User. Sixty-
ogy reveal planned applications in electrical power generahree percent of the technology applications involve rela-
tion (SIC 49), chemical processing (SIC 28), and pulp antlvely early-stage Components Manufacturing.
paper machinery and bearings (SIC 35). A single-company The entry of the ATP technology into an early stage of
project involving coatings reports applications in sealghe production cycle, in combination with the diversity of
(SIC 30), industrial machinery for printing rolls, pump applications expected to result from individual projects and
components, bearings, and power transmission and cortechnologies, increases the opportunity for downstream
puter displays (SIC 35), and sensors (SIC 38). customers/users to experience market spillovers (consumer
Commercialization occurs through eventual embodisurplus). This is, of course, especially true where an ATP-
ment of the ATP-funded technology in a product, servicefunded technology has significant cost or performance
manufacturing process, or in some combination of thesadvantages over existing/defender technologies.
Figure 3 summarizes the percentages that are expected to
occur in each form. This figure suggests that most commeBusiness Goals
cial deployment of ATP technologies will occur through
manufactured products, with the focus on new, as com- In the Baseline Reports, companies are asked to cat-
pared with improved, products, processes or serviceggorize, define, and quantify their business goals for the
Responses to a follow-up question further indicate that foATP-funded R&D projects. As shown in Figure 5, perfor-
35 percent of the applications, companies envision theimance improvements appear to be a somewhat more com-
application to be a “new-to-the world” solution to a marketmonly expected and significant goal than cost reduction.

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

MATERIALS
17%

Other Industrial Machinery
(SIC 28, 34, 31, 32, and Equipment
33,38,49,80,...) (SIC 35)

31% 28%

Transportation
Equipment
(sIc 37)

19%

Oil & Gas
Extraction
(SIC 13)
6%

Rubber &
Miscellaneous
Plastic Products
(SIC 30)
16%

Note: "Other" SIC catagories are defined in Appendix G.

Source: Business Progress Reports for 778 applications being pursued by 375 companies in 207 ATP projects funded 1993-1995.

Figure 2. Plans for diverse applications of ATP-funded technologies
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Figure 3. Types of commercialization expected

Percent of Applications

0 20 40 60 80 100
Raw Materials Production 21%
Materials Processing 45%
Components Manufacturing 63%
Assembly 47%
Distribution 33%
End User 36%

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

Source: Business Progress Reports for 778 applications being pursued by 375 companies in 207 ATP projects
funded 1993-1995.

Figure 4. Stages of production in which the ATP-funded technologies are expected to be used



For 29 percent of applications, a performance improvein tracking project progress as well as assessing business
ment in the range of 100-500 percent or more is anticiepportunities and estimating the potential magnitude of
pated. For 28 percent of applications, a cost reduction of 2&conomic spillovers. Both “with” and “without ATP” goals
percent or more is expected. Improvements of these magre needed to assess the potential for ATP funding to make
nitudes, particularly when combined with the emphasis om difference relative to what would have occurred without
“new” products or lines of business, are consistent witlgovernment funding. Arex antecomparison of baseline
definitions of “discontinuous” or “breakthrough” innova- values with project goals for key technology parameters/
tions used in the joint Rensselaer Radical Innovatiomttributes helps to identify the anticipated degree of techno-
Research—Industrial Research Institute Project funded bipgical advancement and to assess the expected impact of
the Sloan Foundation (Leifer 1997). (Of course, for som¢he project. An ex postcomparison of progress made
projects, even a small per unit cost reduction or perforagainst cost/performance targets will make it possible to
mance improvement can represent a significant achievassess the level of actual technical accomplishments within
ment and important competitive advantage when mea business and economic context.
sured across a large production volume.) Other data show Acceleration of R&D is another commonly cited busi-
that one-third of applications are expected to involve someess goal of ATP projects. As shown in Figure 5, nearly all
combination of cost reduction and performance improvethe companies expect some reduction in the time it will take
ment over existing technologies. to complete the R&D phase and bring their products to
Table 1 illustrates with a list of quantitative examplesmarket/or implement new production processes as a result
how ATP funding is expected to affect the technologicabf ATP funding. A reduction of at least two years is
capabilities of companies as measured by expected changa#ticipated for 62 percent of applications; with a reduction
in the attribute identified as most critical to commercializa-of four or more years expected for 19 percent of applications
tion for a specific application. Quantification of cost andand a reduction of two to nearly four years expected for 43
performance advantages of the ATP-funded technologyercent of applications.
such as provided by this business goals analysis, is useful The importance of the acceleration aspect of ATP

Table 1. Examples of effect of ATP funding on company goals for the technology

Baseline Goal with ATP Funding Goal without ATP Funding
1 kw/$10,000 10 kw/$10,000 3 kw/$10,000
60 microseconds process speed 10 microseconds process speed60 microseconds process speed
$100 cost $25 cost $100 cost
3,300 hours lifetime 10,000 hours lifetime 5,000 hours lifetime
2,500 cars/day 2,875 cars/day 2,500 cars/day
34 trains/day 51 trains/day 34 trains/day
1,000 CPU time 10 CPU time 100 CPU time
60 degrees C 100 degrees C 60 degrees C
800 nm 200 nm 800 nm
$60,000 per unit $1,000 per unit $10,000 per unit
1 test/day 5 tests/day 1 test/day
40 bases/minute 2,000 bases/minute 533 bases/minute
$500/medical test $50/medical test $500/medical test
1 gene/day sequencing 100 genes/day sequencing 5 genes/day sequencing
3.9 gigabytes data storage 60 gigabytes data storage 4.7 gigabytes data storage
$62/gigabyte $1/gigabyte $25/gigabyte

Source: Business Progress Reports for 778 applications being pursued by 375 companies in 207 ATP projects funded
1993-1995.
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Note: *In a response to a different question, project participants indicate that one-third of applications involve some combination of cost
reduction and performance improvement over existing products, processes, and services.

Source : Business Progress Reports for 778 applications being pursued by 375 companies in 207 ATP projects funded 1993-1995.
Figure 5. Quantitative business goals

funding is reflected in Figure 6. For 98 percent of applicaidentification of Commercialization Strategies

tions, speed-to-market is considered “important” or “criti-

cal;” it is considered “critical” for more than half the As their primary means of commercialization, most

applications. Further emphasizing the importance of acce ATP-funded companies plan to achieve commercialization
eration, the window of opportunity for 75 percent of thefor at least one application through production of a product
applications to enter the marketplace is considered to ber service in-house, in their own existing or planned

within two years after ATP funding ends; i.e., it appeardacilities. As shown in Figure 7, in-house production is the
that companies believe they would miss the opportunity, ofocus for 65 percent of applications. For 24 percent of
a significant part of it, without the acceleration enabled byapplications, licensing to others is the primary strategy; for

ATP funding. 43 percent of applications, licensing is the primary or
The following are some additional business goals citedecondary means of commercialization. For 79 percent of
in company business reports: applications, including some of those where in-house
“Achieve broad adoption . . .” production is the primary means, licensing to others is a
“Be #1 supplier of . . . technology” possible supplementary means, if not the primary focus.
“Expand applications into . . . industry” Thus companies recognize the opportunity to increase their
“Obtain a licensee by end of ATP” revenues beyond what their internal production facilities
“Become global expert in . . . technology” can support. At the same time their actions increase oppor-
“Diffuse technology to cover 5 technology niches” tunities for diffusion of the technology to other firms and
“Increase market share by . . .” potentially other applications and industries. Jaffe (1996)
“Be recognized as leading vendor of . . .” confirms that the potential for licensing the technology to

others is a factor that makes economic spillovers relatively
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Source: Business Progress Reports for 778 applications being pursued by 375 companies in 207 ATP projects funded 1993-1995.

Figure 6. Importance of market timing

more likely. mary strategy for 31 percent of applications and as a
Close supplier-customer linkages are important tgrimary or secondary strategy for 54 percent of applica-
successful technological innovation. Among the work thations (compared with 25 and 41 percent respectively for all
addresses this issue, von Hippel (1994) suggests that su@spondents); small businesses plan alliances for joint
linkages can increase the productivity of the innovatiorproduction as a primary strategy for 21 percent of applica-
through more efficient communication of technologicaltions and as a primary or secondary strategy for 47 percent
and market information. Given the large number of smalbf applications (compared with 17 and 32 percent respec-
companies involved in the projects, and the rather earltively for all respondents); small businesses plan alliances
stages of production they address, one would expect a largath distributors as a primary strategy for 22 percent of
number to pursue strategic alliances for commercializaapplications and as a primary or secondary strategy for 38
tion. From Figure 8 one might think the companies are ngbercent of applications (compared with 15 percent and 27
relying heavily on strategic alliances with customers, suppercent respectively for all respondents).
pliers, partners in joint production, or distributors for
commercialization. But further analysis at the companyProtection and Disclosure
level reveals that (a) 91 percent of companies plan at leasf Intellectual Property
one of these types of alliances and (b) at least one of these
types of alliances is planned in pursuing 88 percent of Protection of intellectual property through formal
applications (graph not presented). As one might anticipatent and copyright mechanisms provides legal protection
pate, the subset of reports from small businesses reveagainst use of an invention without permission or compen-
that strategic alliances to pursue commercialization arsation. The patent or copyright thus converts the intellec-
more important for small businesses than for larger onesual property into a potential income-earning asset, and, for
Small businesses plan alliances with customers as a priaany applications and industries, is critical to the ability of
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the innovator to commercialize a new technology. In returrtoncerning resulting products and processes, the greater
for patent protection, however, the innovator must agree tthe opportunity for market spillovers to users and custom-
public disclosure of the patented invention and (to a lesseaars and for knowledge spillovers to others in a position to
extent) copyrighted material. Disclosure provides a meansiake use of the knowledge for their purposes.
of attracting commercial partners interested in licensing or  Most companies report plans to protect intellectual
joint production opportunities, and thus reinforces theproperty created in their ATP project, whether they plan to
private commercial purposes of the intellectual propertyproduce in-house or to license the technology to others. As
protection; however, it also is a mechanism for unintendeghown in Figure 9, patent protection, copyright protection,
knowledge spillovers—to competitors or others who mayand maintenance of trade secrets are listed respectively as
be in a position to exploit the knowledge without paying forprimary strategies by 61 percent, 27 percent, and 51
it. (See Jaffe 1996.) percent of companies. A more detailed analysis (not shown)
Both aspects of patent and copyright protection aréndicates that ten percent of the companies listed all three
important to achieving maximum commercialization, dif-strategies as primary; 15 percent listed both patents and
fusion, and social benefit of the ATP-funded technologiescopyrights as primary; and 25 percent listed both patents
Patent and copyright protection afford ATP-funded firmsand trade secrets as primary strategies. Thus some combi-
the necessary incentives to undertake costs of produnation of legal protection and secrecy/first mover advan-
development and marketing needed to launch a commetages appears to be a common strategy. Of course, to the
cial product, and may help open new licensing and othezxtent that companies patent their technology they cannot
partnering opportunities. The wider the commercial use oéxpect to maintain secret the same knowledge; but compa-
the technology and the greater the spread of informationies may identify some aspects of their technology best

Produce Product or Adopt Process for License to
100 — Service In-House In-House Use Others
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Note: Some companies reported more than one strategy as "Primary."

Source: Business Progress Reports for 778 applications being pursued by 375 companies in 207 ATP projects
funded in 1993-1995.

Figure 7. Strategies for commercializing ATP-funded technologies
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Figure 2. Plans for diverse applications of ATP-funded technologies
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Figure 9. Intellectual property strategies planned
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protected by patent and other aspects best protected pyoposal assessments. Project participants have identified
secret, and thus combine the two strategies. more than 1,000 applications of the technologies under
Organizations receiving ATP awards in the FY 1993-development and provided commercialization plans for
1995 competitions report that the ATP-funded technearly 800 applications spanning the spectrum of SIC
nologies build on, and intellectual property rights areindustries. Most applications involve new products with
protected by, nearly 2,000 preexisting patents. Companiesgnificant performance improvements over existing/de-
seeking title to new intellectual property created with ATPfender technologies, offering dramatic possibilities for
funding have reported to NIST 105 new patents filed angiroductivity improvements. Many are “new-to-the-world-
7 copyrights filed; and 11 patents have been issued. Oftgaroducts” aimed at brand new markets. Most companies
initial patents predate the ATP project, and the ATP projecseek to address stages of production relatively early in the
focuses on bringing the technology beyond a rough corproduction chain, for example, materials processing or

cept. component manufacture, creating maximum opportunity
for intermediate producers/customers at multiple later
Dissemination of Non-Proprietary Information stages, and even in multiple application areas, to experi-

ence market spillovers.

Published papers, conference participation, news ar- Opportunities for additional economic spillovers
ticles, press releases, and Internet sites provide additiontdrough technology diffusion are being enhanced by patent
dissemination of information about ATP-funded technolo-and licensing activity and dissemination of non-propri-
gies. Although some companies are more active than otheesary information. Licensing to others is a primary or
in dissemination, many are very active in publishingsecondary strategy for commercializing a large percentage
papers, issuing press releases, and making public presarf-planned applications, and conference activity and pub-
tations concerning their R&D activities. Universities andlication of papers have been vigorous.
other research organizations, with agreement from the for-  This paper is based on part of a more comprehensive
profit companies holding title to ATP-funded intellectual study that addressed a number of indicators of progress of
property, have also been active in disseminating nonATP-funded projects (Powell 1997a). Findings from the
proprietary information about their ATP-funded technol-1997 report are largely consistent with the findings of two
ogy development. Table 2 provides a summary of théhird-party surveys of projects not in the BRS. Silber &
activity through December 1996 in published professionalssociates (1996) surveyed projects funded from 1990
journal articles and conference papers alone. through 1992 after approximately two-to-three years of

According to the BRS data, more than half the projectéunding. Solomon Associates (1993) surveyed ATP'’s first
covered in this study have produced published conferen@mmpetition awardees after just one year of funding. The
papers, and approximately one-fourth have produced pulBRS captures much greater detail than the third-party
lished articles in professional journals. On average, aboug¢lephone surveys, explicitly covering the evolution of a
1.8 conference papers have been presented and 0.6 profegxiad of applications. And, of course, the BRS captures

sional journal articles published per project. the voices of awardees directly without a third party inter-

vening. Although specific summary statistics differ some-
Conclusions, Related Work, what, analyses of BRS data generally confirm earlier
and Future Directions survey results that ATP awards are “enabling [industry] to

afford and engage in high risk research,” “stimulating

collaboration and formation of strategic alliances,” “short-
ng the R&D cycle,” “helping attract additional fund-

and “creating new business opportunities,” among

Findings are that opportunities for economic splllovers
from the portfolio of projects in the BRS appear strong, an§"
for the most part consistent with the original peer- rewem} g’

Table 2. Dissemination of non-proprietary information from ATP-funded projects

Papers in Professional Journals Papers Presented at Conferences
Total Number of Papers 131 372
Number of Organizations Reporting Papers 54 154
Number of Projects Reporting Papers 47 110

Note: Across the 208 projects reporting, an average of 0.6 professional journal articles were published and 1.8
conferences papers presented per project. Thirty-six percent of the projects produced at least one professione
article; 53 percent of the projects produced at least one conference paper.

Source: Business Progress Reports from 210 ATP projects funded 1993-1995.
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the many other effects reported by those earlier studies.subgroups, and (3) use the BRS in conjunction with other
Results of the current study are also consistent witklata sources to support a variety of evaluation studies,

and confirmatory of preliminary results given in a recentlyincluding case studies and econometric analyses.

published conference paper which analyzed data for ATP

projects funded in 1993-1995, but with only the 1993References
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