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ABSTRACT. Case studies of the first completed Advanced
Technology Program (ATP) projects have shown considerable
variation in commercialization patterns of ATP-funded
technologies. These variations were apparent in the timing of
initial revenues, commercialization in more mature and
multiple applications, and diffusion of ATP technologies
relative to the period of ATP funding of R&D. This study
analyzes differences in commercialization patterns for different
ATP-funded technologies in a systematic way.

JEL Classification: Q380

1. Introduction

The Advanced Technology Program (ATP) is a
public—private partnership program aimed at
bringing new civilian technologies closer to com-
mercialization. It emphasizes the development of
risky but enabling technological capabilities with
multi-industry and economy-wide benefits." These
benefits include increased productivity and com-
petitiveness of U.S. firms, new and better products,
and increased high-wage employment. Project
proposals address specific business and economic
criteria established by the program. The proposals
are submitted to rigorous peer review by scientific,
engineering, and business experts.

Awards are made on a cost-share basis for both
single applicants and joint ventures. Single-com-
pany awards have a maximum allowable length of
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three years. ATP funding is limited to $2 million
for single applicants and may cover up to 100% of
direct project costs for small and medium-sized
companies. However, all indirect costs are the
responsibility of the single applicant. ATP funding
may cover up to 40% of total project costs (direct
plus indirect costs) for large, single-applicant
Fortune 500 companies. Joint venture (JV) pro-
jects can last for up to five years and there is no
mandated limit on the award amount. JVs must
cost share more than 50% of the yearly total
project costs.

The ATP’s Economic Assessment Office (EAO)
performs a variety of evaluation studies, including
data collection and analysis, case studies, econo-
metric studies, and modeling. This study will use
data collected through ATP’s Business Reporting
System (BRS) to assess the status and nature of the
path to commercialization across the different
technology areas funded by the program. The BRS
is an internal database of information reported by
ATP project participants to ATP on a routine and
systematic basis. The database contains technical
and business data on project progress, including
R&D status, business status, collaboration, and
commercialization activities.

Justification, objective, and scope of the study

The study addresses the following research ques-
tions:

1. How do expected commercialization patterns
differ for ATP projects in different technology
areas?

2. What factors appear to account for at least
some of the differences?

3. To what extent are actual commercialization
patterns mapping to plans?
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By legislative mandate, a key objective of ATP is
acceleration of R&D and commercialization of
risky technologies for broad national economic
benefit. Does the program meet this mandate? This
study provides some direct evidence to answer that
question. It has the additional policy value of
providing technology-specific data that might
inform ATP policy design and proposal evalua-
tion, and aid prospective participants in future
ATP competitions. The time frame covered by the
data is from 1993 (the beginning of the BRS) to
early 2002. This is the first study to use BRS data
to track a given group of projects over time.

ATP does not fund commercialization activities
or product development. Rather, it funds high-
risk, early-stage R&D. Nevertheless, parallel con-
duct of R&D and planning for commercialization
is a cornerstone of the program’s strategy for
achieving acceleration in technology development
and commercialization. Many technology-devel-
opment projects have early spin-off applications
that offer initial commercial potential, even
though the major benefits will occur later. This
study illuminates the patterns of commercializa-
tion associated with different technologies over
their life cycle.

The present study differs from studies based on
more general R&D expenditure data in at least
two ways. Studies based on R&D expenditures
tend to underestimate innovative activities related
to production done by companies’ departments
other than corporate labs, such as production
engineering departments. This activity may or may
not be recognized by formal R&D accounting.
Another drawback to such R&D expenditure
studies is their limited coverage of small firms
and firms in the service sector (Patel and Pavitt,
1995).

ATP’s BRS, on the other hand, reflects the high
proportion of start-up and other small firms
funded by the ATP, while also capturing the
participation of leading industrial laboratories
across America. ATP activity likely overempha-
sizes innovation by companies in the highest-risk,
earliest-stage technology sectors relative to
national data sources. ATP excludes funding
product development costs, such as incremental
adaptations and imitation of existing technologies,
which typically comprise the bulk of industry
R&D. In this sense, the BRS is a picture of the

innovation process, and its parallel commerciali-
zation activity, for the subset of leading-edge
R&D. Nevertheless, the data one rich in informa-
tion about the innovation process—from proto-
type and design, to product planning and
strategies, collaborative activity, and financing—
for a broad spectrum of advanced technology
development. Analyzing this rich field of data
provides an insight into the role of the ATP
program in the national innovation process, and
also grants a perspective not afforded by more
standard measurements of technological activity in
the United States.

Related studies

The present study follows a series of case-study
status reports of ATP’s completed projects by
Long (1999) and ATP (2001) and statistical studies
by Powell (1999) and Powell and Lellock (2000).
The status report volumes were the first ATP
studies to examine technical and commercializa-
tion performance by technology area. Both found
differences in the time-to-market of completed
projects across the different technologies for
ATP’s first 50 completed projects. However, the
status reports were based on short case studies, not
on more comprehensive BRS data. The present
study partially updates the earlier statistical
studies by Powell and Lellock (2000) and Powell
(1999) and also extends those analyses to examine
variation by technology area. Powell and Lellock
(2000) is a general report on commercialization
progress of ATP projects based on the BRS
database through 1997. Powell (1999) focused on
small firms in comparison with larger firms.

A number of non-ATP empirical studies in the
time-to-market literature attempt to quantify key
factors in commercialization progress. For exam-
ple, Cooper (1994) found that project organiza-
tion, up-front planning (pre-development
activities), and marketing activities were the most
significant drivers of timeliness in a study of
chemical engineering firms.?

ATP’s project selection criteria and project
management guidelines reflect these findings by
emphasizing that early identification of commer-
cialization channels and collaboration partners
may contribute significantly to timeliness. Ulti-
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mately, the ATP seeks broad diffusion of the
technologies it funds. Profitability at some level
will be a necessary but not sufficient indication of
broad impact.

Organization of the study

Section 2 describes the methodology and ATP
project data used in the study. Section 3 draws on
the economics of innovation literature to establish
a framework for data analysis. Section 4 provides
an overview of technology areas and targeted
industrial sectors, with a statistical profile of
projects, participants, and commercial applica-
tions by technology area. Section 5 examines
revenue expectations of project participants and
compares those expectations with expected win-
dows of market opportunity. Section 6 then
discusses several technology-specific features that
may lie behind the observed trends. Applying
factors cited in the literature to data collected in
the BRS, the analysis considers different strategies
for commercializing ATP-funded technologies,
different types of competitive advantage, and
capital availability, as well as embedded charac-
teristics of firm size and R&D project structure.
Section 7 summarizes the findings and policy
relevance. An appendix provides preliminary
data that compares expectations about timing of
commercialization with actual performance for a
subset of companies using Close-out Reports and
Post-project Surveys.

2. Data and methodology

Section 2 provides an overview of the data source
drawn upon for this study and outlines the
analytical framework used.

Overview of data

The study draws on data collected through ATP’s
BRS from 1993, when the BRS was established,
through September 30, 1999, from firms receiving
awards in competitions conducted 1993-1998 and
still in their ATP-funding phase. An appendix
includes data from post-ATP funding interviews
conducted in 2000 through early 2002 for a

matched set of companies. Specific variables used
and coverage are discussed in each section.

ATP’s BRS consists of information collected
systematically from the start of ATP funding, in a
Baseline Report, annually over the course of ATP
funding, in Anniversary Reports, in a project Close-
out Report, and subsequently every two years for
six years after ATP funding ends, in Post-project
Surveys. The system tracks the progress of projects
in pursuing their business plans and achieving the
anticipated economic benefits outlined in project
proposals. The surveys are electronically adminis-
tered over the course of ATP funding; then
telephone interviews are subsequently carried out
three times over the six following years. This survey
system has been implemented for projects funded
since 1993, from their inception.

Methodology of the study

The study follows a set of sequential steps:

e Step I A synthesis of selected studies in the
literature is used to cast an innovation life-
cycle framework for studying the variation in
commercialization patterns for different types
of technologies.

e Step 2: ATP-funded projects covered by the
study are classified by core technology being
developed and mapped to their target applica-
tions, by industry, and by type of application
(product, process, service).

o Step 3: Expectations about timelines for
revenues from ATP-funded technologies are
examined and compared with expected win-
dows of opportunity for all planned commer-
cial applications, by technology area. These
expectations about timing serve as the major
indicator of commercialization patterns.

e Step 4: Through application of the innovation
life-cycle model, differences in firm size, project
structure, and other project characteristics,
taken together with the underlying technolo-
gical and economic environment, help
explain commercialization patterns identified
in Step 3.

¢ Step 5: Completed projects, companies, and
commercial applications for which a matched
set of data is available are used to compare

Reproduced with permission of the copyright:-owner. Further reproduction prohibited without permissionyyanny.manaraa.com



128 Powell and Moris

expectations about timing of commercializa-
tion with actual experience. This step is
extended to two to three years after ATP
funding with the analysis of Post-project
Survey information. This analysis seeks to
determine whether actual commercialization
patterns will meet expectations and thus
whether patterns described in project proposals
are credible. The evidence of actual progress
the analysis provides may serve as feedback to
ATP project management and to the selection
processes. Given the preliminary and limited
nature of the data available, this analysis is
presented in the appendix.

3. Industry and firm differences in innovation:
Analytical models in the literature

Section 3 describes the models drawn from the
economics literature that serve as the framework
for the study.

The innovation life-cycle model

Over the past few decades, several variations of the
industrial innovation life-cycle model have evolved
in the literature of evolutionary economics and the
economics of innovation. In the context of
evolutionary economics, innovation is a key force
in economic competition.®> Patterns of innovation
are characterized by the degree of technological
opportunities and the ability to obtain appropriate
returns from R&D, as well as characteristics of the
knowledge base. Innovation life-cycle models shed
light on differences in the rate of innovation
activity and type of commercialization strategies
commonly observed for different technologies and
sectors and different innovation stages. As will be
apparent in this study, these distinctions are useful
in assessing commercialization patterns and pro-
gress of ATP-funded projects.

Drawing on Abernathy and Utterback (1978)
and Utterback (1994), we describe three phases of
industrial innovation that correspond to major
transformations in characteristics of industrial
innovation, market structure, and competition

over time. Radically new product lines and
emerging industrial sectors accompany the early
(fluid) stages of the innovation cycle. In this early,
fluid phase, innovation is intense, driven by the
rapid entry of new, small, science-based, entrepre-
neurial entrants who are ready to experiment with
highly uncertain new business opportunities. Such
firms initially compete by delivering highly custo-
mized, essentially service products to a small group
of customers. Then in the intermediate stage (the
growth phase), output expands, aided by less
technical uncertainty and the emergence of stan-
dards. The number of firms diminishes. In the
third, mature stage, capital intensity and invest-
ment requirements increase, becoming significant
barriers to the entry of new firms. Competition is
now driven mostly by cost reductions, aided by
process innovation, technical standards, and
economies of scale. In this mature phase, a few
companies dominate major markets; innovation
aims at new processes; volume and cost are key
drivers; and process changes and disruptive new
technologies are costly, ultimately causing the pace
of change to slow.

Table T summarizes the significant character-
istics of innovation and market competition as
they evolve over the three phases.

Utterback (1994) notes that the mature phase is
not the end of an industry’s history. Evolution
often continues in the form of waves of innovation
and change. Radically new innovations may
emerge from within or from outside the indus-
try—or perhaps through collaborative activity
across industries. Nevertheless, the base of firms
may be smaller in subsequent waves of innovation
in a given industry than it is in brand-new
industries. In the subsequent waves, markets
become better defined, and established firms have
distribution channels in place that provide sig-
nificant barriers to radical innovation or reform of
the industry.

Pavitt’s taxonomy of industry trajectories com-
plements the life-cycle approach. Pavitt (1984)
identifies four types of technology trajectories,
shown in Table II.

Pavitt’s model suggests that early-stage, science-
based industrial sectors, such as biotechnology and
software/information systems, are characterized by
an emphasis on new products with improved
performance, few industry-wide standards, and
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Significant characteristics of three phases of industrial innovation

Table I

129

Fluid, emerging phase

Transitional, growth phase

Maturity phase

Type of innovation

Product life cycle

Resource requirements
and barriers to entry

Number of competitors

Type of competition

Organizational control

Financing

Radically new products, with
frequent major changes; high
technical uncertainty but
broad R&D focus

Short R&D-to-market cycle;
diverse, highly customized
products and services;
frequent product changes;
inefficient production
processes

Relatively low barriers; small-
scale plants located near R&D
and general-purpose
equipment. Scientist/engineer
content

Initially few competitors, but
rapid entry in response to
market opportunities;
frequent changes in market
share

Technical performance

Informal and entrepreneurial

“Family/friends,” angel, seed
capital; research grants.

Gradual increase in process
innovation, at least one stable,
high-volume product design
emerges

Longer development periods and
product life; increase in
standards and output level,
R&D focuses on specific
product features

Medium barriers; some
automation and specialized
equipment; increasing
facilities investment required

Declining number of
competitors after emergence
of dominant design

Product differentiation

Growth of hierarchical features
(project and task subgroups)

Venture capital

Mostly process innovation,
aimed at cost reduction;
incremental product
innovations

Long R&D-to-market cycle;
process change is costly and
slow; standard, or
commodity-like products

High barriers; special-purpose
equipment, mostly automated
processes; less labor content

Few dominant firms; stable
market shares

Price/cost

Division structure; rules, and
goals; enterprise
diversification

Retained earnings, equity, debt

Source: Adapted from Utterback (1994).

Table II
Sectoral technology trajectories

Category of firm

Innovative activity

Industry sectors

Supplier dominated

Production intensive—
large-scale fabrication,
assembly and continuous
processes

Science based

Mostly process innovation by suppliers
of equipment and materials

Mostly product innovations from in-

Process innovations in house and by

Specialized
suppliers house R&D
Scale-
intensive suppliers
producers

R&D intensive firms; mixed product and
process innovation

Non-durable consumer goods, textiles,
printing, agriculture, construction

Instruments, machine tools
Consumer durable goods, steel, autos,

bulk materials

Electronics, chemicals, biotech,
information technologies

Source: Adapted from Pavitt (1984).

high entry of small innovative firms. For example,
biotechnology companies target emerging or as yet
practically non-existent markets. Many biotech-
nology companies firms operate as adjuncts to
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Intermediate-stage science-based sectors, such
as electronics and chemicals (for instance, phar-
maceuticals), have entered their growth phase.
Product innovation is still prevalent in the more
science-based, large chemicals and -electronics
firms, with an evolving emphasis towards cost as
well as performance.

Supplier-dominated and scale-intensive sectors
have passed beyond a science-based innovation to
production intensity. Firms in these sectors often
have a price-sensitive end user, so the focus of
innovation turns to cost cutting. In production-
intensive industries such as automobile and air-
craft manufacturing and petroleum refining, inno-
vation places more emphasis on process and cost;
larger, older firms primarily emphasize incremen-
tal innovation. One perceives a reluctance to
pursue new markets. Industries based on assembly
or fabrication (such as manufacturing) or other
continuous processes (such as steel) aim at process
technologies. Nevertheless, radical innovations
may still emerge from outside the industry or
from developers of new process tools. Multi-
disciplinary, inter-industry consortia provide a
mechanism for introducing new technologies to
older companies and sectors.

Extensions of the model

The life-cycle model of industry evolution illumi-
nates broad economic and policy issues facing
R&D-performing firms. For example, a better
understanding of the technology and market
environments at different stages of the innovation
cycle has been useful in devising theories that
describe different financing, investment, and orga-
nizational features at each stage (Auster, 1992). Of
particular interest to ATP is the role of collaborative
R&D as a key organizational and financing tool.
Cooperative activities offer opportunities to
overcome limitations in resources (human
resources, financial, fixed capital, managerial,
technical and marketing) as needed at any stage
of the innovation life cycle (Rothwell and Dogson,
1991). They include subcontracting, licensing, and
R&D alliances and joint ventures, all features of
ATP projects. (In some studies, the term “joint
ventures” refers exclusively to equity-based alli-
ances, rather than to more flexible agreements

based on contracts or more informal arrange-
ments. The official ATP definition of a joint
venture does not involve any equity structure,
but rather a simple contractual agreement for the
purposes of accomplishing R&D goals.)*

The motives, structure, and performance of
these linkages and collaborations are expected to
differ over time and over the life-cycle of a given
firm or industry, as well as across technology
sectors.” Vertical partnerships of users and suppli-
ers and horizontal alliances that involve organiza-
tions in the same industry, potentially even
competitors, tend to have different business
objectives for their R&D collaborations.

Vonortas (1997) and Audretsch (2001) both note
the strong incentives for small firms, in the fluid
phase of the innovation life cycle, to seek R&D
partners as a means of dealing with technological
risks and with market access to rapidly changing
markets. Vonortas (1997) suggests that this might
be more common with smaller, vertically structured
joint ventures, where individual members can
protect their own intellectual property in their
component product innovations, rather than with
horizontal R&D ventures aimed at process innova-
tions, which are difficult to protect. For relatively
mature firms, Vonortas notes, consortia are more
suited to cost-reducing process innovations of
generic use to a variety of member firms than they
are to product innovations—and are especially
suited to industries with a slow pace of technolo-
gical change. Alternatively, strategic partnerships
between small/new firms and larger/mature firms
bring together the complementary resources needed
for mature industries to innovate and diversify.

The innovation life-cycle literature focuses on
the traditional assembly-line view of U.S. industry
(Vonortas, 1997). Nevertheless, there are linkages
to service applications as a strategy for commer-
cializing technologies at an early stage through
highly customized products.

Applications to the ATP portfolio

The life-cycle framework serves as a roadmap for
empirically examining the actual process of inno-
vation for high-risk, enabling technologies such as
ATP funds within their technological, business,
and economic environments. Analysis of actual
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data helps untangle the effects of different markets
and technological environments. For example,
given the rapid pace of innovation in biotechnol-
ogy and information technology firms, it is
apparent that these are science-based firms addres-
sing emerging industries. However, even these two
technology areas differ in the way their target
markets operate. Many biotechnology projects
target markets that are still nearly non-existent,
although many of these potential markets will
involve delivery of health care services. These
biotech projects also face major regulatory hur-
dles. Information technologies, on the other hand,
target somewhat more established, less treacherous
but highly diversified markets. Many IT applica-
tions involve delivery of fast-to-market service
applications to varied service sectors. In general,
we expect commercialization to be slower for a
process innovation in a mature manufacturing
industry. However, cooperative activity with
different technology suppliers, and the right
combination of financial and organizational back-
ing from key customers, could speed it up.

The stylized models are presented in terms of
firms and industries, not individual plants or
company locations. The BRS database, on the
other hand, is comprised of data from establish-
ments directly involved in ATP-funded projects.
Nevertheless, R&D projects are affected by
company-wide strategic and resource considera-
tions. The distinction between establishments and
firms is not relevant for the large proportion of
small firms and start-ups funded by the ATP.

4. Summary profile

Section 4 provides a detailed profile of the projects
and organizations included in the study to estab-
lish linkages between the analytical models and
technology and business goals and characteristics
of ATP-funded companies.

Overview of technology areas and targeted
industrial sectors

ATP classifies projects according to the core
technology being developed. The five major
categories used in recent years are biotechnology,
electronics, information technology, advanced

materials-chemistry, and manufacturing. The life-
cycle model tends to merge technology with firm
and industry, consistent with Utterback’s evolu-
tion of his model from its early focus on
innovation and firms to its later focus on
industries. In some cases, a technology emerges
from one industry to ultimately address another
industry, or it provides the nucleus for a new
industry. Pavitt and others have elaborated on the
relationship between technology-based suppliers
and more mature industries.

Many ATP projects involve interdisciplinary
technologies. For example, ATP’s Microelectro-
nics Manufacturing Infrastructure and Photonics
Manufacturing Focused Programs develop both
manufacturing and electronics capabilities, while
Materials Processing for Heavy Manufacturing
advances R&D supporting applications in materi-
als structure and manufacturing processing.

The technology platforms funded by ATP
enable commercial activity across multiple industry
and market sectors, even though initially they tend
to target a particular industry. A cross-section of
technologies under development and target indus-
tries (by two to three digit SIC) yields the following
thumbnail sketches of the projects covered in this
study. (For projects funded through 1998, the BRS
used the Standard Industrial Classification (SIC)
system to classify use sectors for commercial
applications of ATP-funded technologies.)

Biotechnology. Biotechnologies potentially form
the foundation for new health-care-related
markets not yet encompassed by Bureau of the
Census classification systems. Many projects with
health-care applications will ultimately benefit
pharmaceuticals (SIC 283) through new drug
discovery and delivery methods. In addition,
ATP’s biotechnology projects target industry
sectors as diverse as medical and laboratory
instruments (SIC 382), food products, and
aquaculture. ATP has made targeted investments
in tissue engineering and tools for DNA
Diagnostics through focused programs.

Manufacturing. ATP-funded manufacturing tech-
nologies support automobile and aircraft
manufacturing, machine tools, intelligent control
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and manufacturing, and other discrete and flexible
manufacturing systems. Most of the applications
from this technology area have been classified by
the companies as industrial machinery (SIC 35),
transportation equipment (SIC 37), fabricated
metals (SIC 34), or instruments (SIC 38). ATP
has made investments in motor vehicle
manufacturing technologies through its focused
programs. Many other projects classified by core
technology as information technology or advanced
materials or electronics will result in manufactured
products and involve manufacturing process issues.

Advanced materials-chemistry. This technology
sector is perhaps the most heterogencous in
ATP’s classification system. The materials
subcategories include abrasives/coatings/
composites (the subcategory with the highest
frequency), metals/alloys, and construction
materials. The chemicals subsection includes
separation technologies, catalysis, food
processing, as well as energy and environmental
technologies. Materials and chemistry projects
typically target the chemicals (SIC 28), industrial
machinery (SIC 35), electrical equipment (SIC 36)
for energy applications, motor vehicles (SIC 37),
and oil and gas drilling (SIC 13) industries, as well
as others. These target industries reflect ATP’s
focused programs in manufacturing composite
structures, premium power, catalysis/biocatalysis,
and selective membrane platforms.®

Electronics computer hardware, and communica-
tions. This area includes semiconductors, other
computer hardware, microelectronic fabrication
technology, communication for data, voice, and
video, and optics and photonics. Many of the
projects interface with manufacturing processes;
for example, components of electronics systems
interface with particular applications in photonics
and microelectronics manufacturing. These
projects most typically have target applications
in electrical and electronic equipment (SIC 36) or
instruments (SIC 38).

Information technology. Projects in this area
typically target applications in business services,

health care, or manufacturing. Specialized
technologies include pattern recognition, image
processing, and security systems based in
biometrics capabilities. Information technologies
are an acknowledged vehicle for radical process
innovation in a number of mature manufacturing
industries as well as a platform for a wide range of
potential new businesses.

ATP has targeted a number of different industry
sectors and types of IT solutions with its [T-related
focused programs. Projects funded in ATP’s
Component-Based Software Focused Program
develop technologies needed to enable multi-use
software components that can be sold to systems
integrators and custom builders to create custom
manufacturing applications. Projects funded in
ATP’s Manufacturing Integration Focused Pro-
gram support critical efficiency and quality issues
in manufacturing and services. The program in
Information Infrastructure for Healthcare fosters
underlying technologies such as digital libraries,
knowledge-based systems, and natural language
processing used in information processing and
management. Medical software systems are used,
for example, in patient monitoring, medical proce-
dures management and analysis, and overall care
integration. ATP-supported information technol-
ogies have typically targeted service industries such
as business services (SIC 73) and health services
(SIC 80). Many support telecommunications or
broadcasting (SIC 366). A smaller focused pro-
gram developed information technologies targeted
at video information networking.

Profile of participants, projects, and applications

The study draws primarily upon BRS data for
ATP project participants and projects funded by
the program since 1993 and reporting through
September 1999. The complete data set includes
669 project participants in 336 projects. These
project participants reported on 1,172 planned
commercial applications of their ATP-funded
technologies. Not all 669 participants or projects
provided information on commercial applications.
(Some organizations in joint-venture projects,
particularly universities, have a pure research or
support role and do not have direct or immediate
plans to commercialize the results of their efforts.
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Rather, they are building infrastructure and
expertise that will support subsequent R&D
efforts or other contract research.) Therefore, we
reduced our data set to the data records from 558
organizations in 299 projects that reported the
plans for the 1,172 commercial applications. The
data from the 558 organizations form the basis for
the analyses in Steps 2-4. In Step 5, we used
reduced sets for which matched Baseline and
Close-out Reports were available, and separately
for which Post-project Surveys were available.
Table IIT summarizes this spectrum of data by
report type.

The data set for the 558 participants in 299
projects reflects 81% of all ATP awards and 63%
of all project participants in awards made 1993—
1998. Some participants of very large ATP joint
ventures are relieved from the ATP business
reporting responsibility, and non-profit organiza-
tions without R&D responsibility or commercial-
ization plans are likewise exempt from ATP’s
business reporting requirement. The major reduc-
tion in coverage is due to failure to comply with
the reporting requirement at all (approximately
15% of participants) or failure to provide informa-
tion about commercialization plans (approxi-

mately 15% of participants, including universities
and others in joint ventures with little commercial-
ization intent).

Table TV provides a profile of projects and
participants by technology area. Materials-chem-
istry and IT have the largest number of both
participants and projects. Participants/project, a
density measure, shows that manufacturing and
electronics/photonics have the highest average
number of participants per project. Many of these
projects are organized as joint ventures, with
manufacturing technology-based joint ventures
having more participants, on average, than others.

Table V further profiles project participants for
each technology area by type of ATP project and
size/type of organization. The distributions vary
considerably across technology areas. For exam-
ple, two-thirds of biotechnology participants are
single applicants (SAs), by far the largest propor-
tion across any of the technologies, but 62% or
more of participants in projects developing the
other four technologies are members of a joint
venture. Furthermore, biotechnology participants
involve the largest proportion (71%) of small
companies. For other technology areas, 27-46%
of project participants are small firms.

Table III
Summary of projects, participants, and applications, by report type
Number of Number of
Number of project commercial
projects participants applications
All 299 558 1,172
Matched baseline reports and Close-out reports 147 176 301
Matched Post-project surveys 134* 173* 104

*Includes participants that discontinued plans to commercialize their ATP-funded technologies, as discussed in the appendix.
Source: Data are from the ATP Business Reporting System for projects funded between 1993 and 1998.

Table IV
Distribution of participants and projects, by technology area

Participants/
Technology Participants Percentage Projects Percentage project
Biotechnology 83 15 67 22 1.2
Electronics/photonics 97 17 44 15 22
IT 140 25 73 24 1.9
Manufacturing 96 17 39 13 2.5
Materials-chemistry 142 26 76 26 1.9
Total 558 100 299 100 1.9

Source: Data are from the ATP Business Reporting System for projects funded between 1993 and 1998.
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With the exception of the biotechnology
projects, most of the projects in each technology
area are joint ventures. ATP-funded biotechnol-
ogy firms have tended to use subcontracting
mechanisms rather than a joint-venture structure
to perform collaborative R&D. Many have
subcontractor relationships with universities or
other small firms. Many are also engaged in joint
research and marketing agreements with larger
biotech, pharmaceutical, or chemicals firms. The
absence of joint ventures and the large number of
relationships with universities likely reflect the
very early-stage R&D being conducted in bio-
technology and the preponderance of small
firms.”

Table VI shows the distribution of commercial
applications by technology area. Averages per
participant and project are based on the 558

applications had yet been reported. Sixty-one
percent of applications come from joint venture
members and 39% from SAs. The larger number
of applications per project for manufacturing
technologies likely reflects the larger dollar size
of these projects (mainly joint ventures) and the
large number of participants in many. Biotechnol-
ogy projects, on the other hand, had the lowest
number of planned applications per project,
apparently reflecting the small number of joint
ventures and the long time to market for most
applications (discussed in later sections of the
study). More than half of the applications came
from projects developing IT or materials-chemis-
try technologies.

Most ATP projects involve development of
technology platforms that support a number of
different commercial applications. Participants in

joint ventures often pursue a mix of their own
applications and joint applications with others.

participants in 299 projects; that is, no assump-
tions are made about projects for which no

Table V
Distribution of project participants in each technology area, by organization type/size and project type

Firm size
(% of participants)

Project type
(% of participants)

Medium/
Technology Number Small large Other* SA v
Biotechnology 83 71 24 5 66 34
Electronics/photonics 97 38 58 4 18 82
Information technology 140 46 38 16 38 62
Manufacturing 96 38 60 2 23 77
Materials-chemistry 142 27 68 5 31 69
All 558 42 51 7 34 66
Table VI
Distribution of commercial applications, by technology area
Applications Applications

Applications Percentage of all per participant per project
Biotechnology 176 15 2.1 2.6
Electronics/Photonics 181 15 1.9 4.1
IT 307 26 2.2 4.2
Manufacturing 185 16 1.9 4.7
Materials-Chemistry 323 28 2.3 43
All 1,172 100 2.1 3.9

Source: Data are from the ATP Business Reporting System for projects funded between 1993 and 1998.
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5. Observed variations in timelines for
commercialization

In Section 5, expectations about timelines for
revenues are examined and compared with
expected windows of opportunity, by technology
area.

Expectations about the timeline for
commercialization

This subsection addresses directly the question,
“Are differences in commercialization patterns
observed for different technologies?’ Using
expected timing to initial revenues as a key
indicator, we provide graphical timelines for each
technology area.

When can we expect to see revenues? Figure 1
shows a year-by-year picture of responses

HER
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provided by all project participants together
and by those from each technology area about
their 1,172 planned commercial applications.
Participants responded to the following question.

When is revenue anticipated?
Response choices:

¢ During ATP.

¢ <1 year after ATP.

¢ 1-<2 years after.

e 2-< 3 years after.

e 3-<4 years after.

¢ 4-< 5 years after.

e 5 or more years after.
e Never.

Revenues are anticipated for 17% of all commer-
cial applications by the end of ATP funding, for
40% of applications by a year later, and for 66%
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Figure 1. When can we expect to see revenues?
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within two years after ATP funding ends (counted
cumulatively). The peak number of new applica-
tions expecting revenues occurs about two years
after ATP funding ends.

But there is considerable variation across the
entire time period. For IT applications, revenues
are expected for 28% of applications during the
period of ATP funding and for 64% of applica-
tions by a year after ATP funding ends, the highest
proportion for any technology area. Only 25% of
materials-chemistry applications and 32% of bio-
tech applications are expected to generate revenues
by a year after ATP funding ends.

When we examine the underlying data, we see
that while the activity for IT peaks a year after
ATP funding ends, the expected peak in new
applications reaching the market for other tech-
nology areas appears a year later.

Electronics technologies have some early appli-
cations, but then they experience a steep rise in
activity in the second year after ATP, followed by
a fall-off more rapid than in any other technology
area except IT.

e

&

(g

A

Trnzeasof applinabings, suroiapve

Materials-chemistry and manufacturing-based
applications build up somewhat more slowly and
tail off more slowly than electronics and IT.

Biotechnologies have an initial spurt of activity
in the second year after ATP funding ends, then
another spurt five or more years later.

Expected market window of opportunity

If commercialization plans are credible, we expect
the window of market opportunity to shadow the
expected timing of revenues. This window’s timing
will pose a constraint on commercial viability of
the technologies in their planned applications.

Figure 2 shows responses to the following
question:

What is the window of market opportunity?
Response choices:

e A year after ATP.
e 2 years after ATP.

el P opplinations
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Figure 2. How long will the window of market opportunity stay open?
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e 5 years after ATP.
e More than 5 years after ATP.

The expected windows of opportunity mirror
expectations about the timeline to commercializa-
tion, with about a one-year lag. For IT, this is
especially true. While 35% of applications across
all technologies expect a market window of just
one year after ATP funding ends, the proportion
within IT is 52%, the highest such proportion for
any technology area. As seen above, this is
consistent with expectations of the timing of
revenues for this technology group.

Most electronics applications are under pres-
sure to reach the market within about two years
after ATP.

Only a few applications—Ilargely in biotechnol-
ogy—are expected to see the market opportunity
window open longer than five years after ATP.

6. Factors behind observed trends

We use the framework suggested by the industrial
innovation life-cycle model in Section 3 to address
the second research question: what factors appear
to account for commercial timeline differences
among technologies? We assess ATP project and
company characteristics by technology area
against hypotheses derived from the model.

Firm size

The life-cycle model naturally leads us to expect
small or younger firms to be associated with the
rapidly changing products and short R&D cycles
of emerging industries. We also expect to see larger
firms associated with more mature industries, and
characterized by longer product cycles and less
frequent major product changes.

Company size does indeed seem to affect
expectations about the speed of commercializa-
tion; the effect also seems to be especially
associated with certain technologies. Even though
BRS data one closer to establishment or plant-
level data than to firm-level data, overall firm
characteristics should affect the project. For
example, the division of a large firm participating
in the ATP project may easily draw on the
resources of the whole enterprise, depending on

the relative priorities of the project vis-a-vis the
overall business goals of the firm.

Indeed, across all for-profit firms, small com-
panies report a shorter expected period of time to
the first project revenues than do larger partici-
pants. Forty-eight percent of small-firm applica-
tions are expected to generate some revenues by a
year after ATP funding ends, compared to 29% of
larger-firm applications. (Data are not shown.)

This relationship holds for each technology
area. The differences between small and larger
firms expecting revenue by a year after ATP are
greatest for materials-chemistry (40% of small-firm
applications, compared with 17% of larger-firm
applications), IT (72% of small-firm applications
compared with 52% of larger-firm applications),
and manufacturing (41% of small-firm applica-
tions compared with 22% of larger-firm applica-
tions).

In general, small companies see market entry as
more urgent for cash-flow reasons. They may be
under pressure to satisfy outside investors, and
therefore may be more eager to launch early
products whether or not these embody the full
technological potential (Powell, 1999). These firms
are also more likely to be in the fluid, early stage of
the innovation life cycle, where the pace of change
and shifts in market dominance are most rapid.

Following Pavitt, firms developing manufactur-
ing technologies may be specialized suppliers to
production-intensive large companies, and there-
fore may operate somewhat more like science-
based firms than like larger firms. Another
possibility is that they may be more optimistic
and have less experience in what it takes to get to
market. Or they may seek to provide the disruptive
technology that challenges larger firms. In any
event, small-firm suppliers to larger firms will face
a barrier in overcoming larger-firm reluctance for
costly product or process changes, and the ATP
joint-venture structure may provide some assis-
tance.

When we examined the window of market
opportunity, the firm-size relationship was less
clear. Slightly more small firms have a one-year
and two-year market window after ATP than do
larger companies. However, this overall result held
for IT and materials-chemistry technologies but
not the other three technology areas. For materi-
als-chemistry, 82% of applications developed by
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small firms have a market window of at most two
years, compared to 54% of materials-chemistry
applications of larger firms. For IT, the difference
is smaller—95% for small firms versus 85% for
larger firms. In the opposite direction, 75% of
larger biotechnology firm applications had a
market window of at most two years compared
with 59% for small biotechnology firm applica-
tions.

For manufacturing, 87% of larger-firm applica-
tions had a market window of at most two years
after ATP compared with 72% of smaller-firm
applications. The greater proportion of larger-firm
manufacturing applications with shorter market
windows is consistent with their use of collabora-
tive R&D to advance and accelerate innovative
R&D even within relatively technologically mature
industries. The size effect may reflect the joint-
venture structure of these manufacturing projects,
rather than firm size per se.

Project structure

As discussed earlier, collaborative R&D and
research joint ventures are an organizational,
technical, and financing strategy with different
objectives along the innovation life-cycle. In the
first stage of the life cycle, collaboration can
leverage resources and capabilities. At more
mature stages, partnerships between new and
larger or established firms provide a mechanism
for a renewed level of innovative activity and
product diversification. ATP-funded joint ventures
often include a mix of small and larger firms.
Many involve a vertical series of players across a
supply chain. Some involve a more horizontal
structure or are a hybrid of vertical and horizontal
characteristics.

Looking at the differences in commercialization
timelines for ATP’s single-company with joint-
venture projects, 38% of commercial applications
developed by joint-venture participants have a
market window of just one year after ATP,
compared to 31% of those developed by single
applicants.

The relative urgency shown by joint ventures
holds in each technology area, with a wider margin
for some technologies. For example, more IT and
electronics applications being developed by joint

ventures (57% IT, 44% electronics) report a one-
year market window compared with their respec-
tive single applicants peers (47% IT, 26% electro-
nics).

R&D collaborations seem to be viewed con-
sistently as a vehicle for acceleration of R&D
towards entry to markets with short windows of
opportunity. ATP-funded larger firms, in particu-
lar, seem to find collaborative R&D the best
mechanism for addressing competitive markets.
This is particularly important in addressing fast-
paced IT and electronics product markets, where
technologies change rapidly even into the growth
phase of the innovation cycle.

Strategy for commercialization

We refer to commercialization strategy as the
selection of a product, process, or service platform
for market entry of an ATP-funded technology.
Sixty-six percent of all the 1,168 applications
reported for this question, across all technologies,
involve a specific manufactured product, 24%
involve a manufacturing process, and 10% involve
delivery of a service. Figure 3 shows the distribu-
tion by technology area.

The product life-cycle model suggests service
and low-volume product applications will enter the
market quickly, but will have a short product life
and will most commonly be associated with early-
stage technologies and young businesses and
industries. At the other end of the spectrum,
process technologies with cost-reduction objectives
will have the longest life cycles and typically will be
more associated with larger, mature firms. Pro-
duct-focused applications with an emphasis on
performance will be associated with firms in earlier
stages of the growth phase, in rapidly-changing
markets, seeking opportunities to make their
product the standard, dominant design. We
examined commercialization strategies of ATP-
funded technologies against this framework.

Although service applications constitute only
10% of all applications, they represent 25% of IT
applications and 14% of biotechnology applica-
tions, respectively. One is tempted to associate
service applications with small firms. However,
given that electronics technologies also involve a
large proportion of small firms but almost no
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Figure 3. Applications profile: Manufactured products, manufacturing processes, and services.

service applications, size is not the only factor.
Biotechnologies and information technologies are
clearly addressing earlier-stage, newer markets,
many in the service sectors.

Virtually all applications in electronics, materi-
als-chemistry, and manufacturing are either man-
ufacturing products or manufacturing processes.
Manufacturing processes comprise nearly half the
applications of manufacturing technologies and
over one-third of the applications of electronics
and materials-chemistry technologies.

Figure 4 compares the timelines for expected
revenues for the different types of commercializa-
tion strategies reported for 1,165 applications.
Results are consistent with expectations.

Service applications show the fastest time to
market, with revenue expected during ATP for
33% of them and for a cumulative total of 59% a
year after ATP.

Manufacturing processes have the slowest time
to commercialization, with only 16% expected to
generate revenue or reduced production costs by
the end of ATP funding and a cumulative total of
35% by a year after ATP funding. For manufac-
turing technologies, a similar level of activity was
expected for product and process applications
during the earliest time period; after ATP funding
ended, product applications were expected to
commercialize more quickly than process applica-
tions.

Figure 5 provides additional evidence support-
ing the relationship between firm size and com-
mercialization strategy. Small firms pursue service
applications more frequently than do larger firms.
Among service applications, 49% are being devel-
oped by small firms, 30% by larger firms, and the
remaining 21% (not illustrated) by universities and
not-for-profits. Larger firms are pursuing manu-
facturing process applications more frequently
than small firms. Lastly, among all process
applications, 66% are being developed by larger
firms compared with 29% by small firms. Manu-
facturing product applications are somewhat more
common for small firms.

At early stages of technology development,
customized services and low-volume products
provide an early opportunity for relatively low-
cost market entry of breakthrough technologies.
They generate cash flow and name recognition in
the aggressive competition for market share in
emerging markets. Further capital investment,
completion of the technology goals, and market
distribution connections enable higher-volume
products and help them reach a broader base of
customers. It is important to note that ultimately
most ATP technologies are expected to be diffused
broadly and to generate their major economic
benefits not through customized service relation-
ships but through new products and the imple-
mentation of new production processes.
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Competitive advantage

This section examines the expected competitive
advantage of ATP-funded technologies in terms of
improved performance, cost reduction, and other
business objectives. The life-cycle model has
implications for the nature of the competitive
advantage of different ATP-funded technologies.
In particular, market competition typically shifts
away from introduction of new-to-the-world,
radically innovative products, to performance
improvements, and then to cost/price considera-
tions over time, as discussed in Section 3. To assess
whether business objectives of ATP projects are
consistent with this component of the life-cycle
model, we examined responses to the following
question:

What is your major advantage over the competition
or other approaches to meeting the customer need?
Response choices:

¢ Higher performance.

« Lower cost.

¢ Both higher performance and lower cost.
¢ New solution.

¢ Otbher.

Figure 6 shows the results by technology area.
Most revealing for our purposes is that

information technologies and biotechnologies

have the largest percentage of applications con-

sidered to be new solutions to a market problem
(62% for IT and 44% for biotechnologies). Other
technologies (electronics, manufacturing, and
materials-chemistry) most frequently target a
combination of both cost and performance objec-
tives, although large numbers of electronics and
materials-chemistry  applications are clearly
focused on performance.

These results provide additional evidence that
ATP-funded IT and biotechnologies are often in
an early, fluid phase of the innovation life cycle,
while electronics and materials-chemistry technol-
ogies—and even manufacturing technologies—
tend to be in the transitional, growth phase,
paying considerable attention to both performance
and cost objectives. It should be also noted that a
large number of applications offered advantages
other than those listed in the response choices.

Availability of capital

ATP funding tends to be relatively small compared
with what will be needed subsequently to complete
the R&D cycle and bring new products to market.
The availability of private capital for ATP-project
cost share and for the post-ATP product develop-
ment phase may affect expectations about the
timing of commercialization.

To consider whether capital availability might
affect the timing of commercialization by technol-
ogy area, we examined responses to two different

Figure 6. Business advantage: By technology area.
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questions. First, we asked whether ATP funding
itself helped build credibility with investors.®
Second, we looked at differences in the ability to
raise external capital.

To address these issues, we examined responses
of the for-profit companies represented in the
analyses reported in Sections 5 and 6 above who
also responded to questions in the BRS about
financing issues. Since these questions are primar-
ily relevant to for-profit companies and to projects
that have been underway for some time, we used
information provided by for-profit respondents in
Anniversary and Close-out Reports. Of the 588
project participants included in the analyses above,
392 provided information about their experience
in raising capital and/or their credibility with
investors following their ATP award.

To assess the halo effect with outside investors,
we examined the 388 responses to the following
question:

How has the ATP award affected your credibility
with investors?
Response choices:

¢ Positively.
e Negatively.
« Not at all.
¢ Not sure.

Most notably, 82% of biotechnology companies
reported a positive effect in their relationship with
investors, compared with only 34% of manufactur-
ing-technology companies and 36% of materials-

chemistry companies. A large percentage of the
companies in earlier stages of evolution, particu-
larly biotechnology companies, said they felt they
were making progress in building relationships to
acquire financial resources.

We assessed the level of activity in raising
capital by examining responses of the group of 387
for-profit project participants to the question:

Have you received new external funding for the
ATP-funded technology or its commercialization
since the ATP award was announced?

Response choices:

e Yes.
« No.
e Uncertain.

The group was also asked a follow-up question to
determine the sources of that new external fund-
ing. Participants could choose from this list:

¢ Owner/angel investors.

¢ Stock issue: venture capital.
e Stock issue: public offering.
¢ Long-term debt financing.

¢ Federal program: SBIR.

¢ Federal program: Other.

« State or local government.
¢ Other.

We expected to see that companies with technol-
ogies in relatively early stages of the innovation life
cycle would be more active in the capital markets if

Table VII
External funding activity
Materials- Electronics/

All Biotech Manufacturing IT chemistry photonics
Percent receiving external funding 26 46 9 33 16 37
Percent receiving each type of external funding
Public stock issue 3 8 0 1 2 5
Other federal sources 11 32 3 6 7 16
State/local governments 4 10 0 4 S 5
Venture capital 7 12 0 14 4 9
Owner/angle investors 10 19 1 13 6 16
Other (mostly corporate) 10 14 S 10 11 9

N = 387 companies responding to the question about external funding.
Source: Data are from the ATP Business Reporting System for projects funded between 1993 and 1998.
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they were to achieve their aggressive commercia-
lization timelines for early applications. Results
are shown in Table VII.

Among 387 companies responding to the first
question, 26% reported receiving some form of
external funding since receiving their ATP award.
The range was substantial: from 46% for biotech-
nology participants to only 9% of participants
developing manufacturing technologies. A higher
percentage of biotechnology participants than any
other technology’s participants received every type
of funding, except venture capital.

For example, 8% of biotech participants receiv-
ing external funding through a public stock issue,
compared with 0% of manufacturing and 1% of IT
participants. (Note that the cutoff date for the
data was September 1999, before the turmoil in the
stock markets in 2000-2002.)

Over 30% of biotech participants received
funding from non-ATP federal sources, compared
with 16% of electronics/photonics participants,
and 7% of materials-chemistry participants.

Funding from owner/angel sources was some-
what frequent for electronics and IT participants
as well as biotech participants (16%, 13%, and
19%, respectively), and lowest for manufacturing
(1%).

Participants from all technologies received
funding from other sources than those listed.
Most of these “other” sources involved strategic
alliances and joint development agreements with
other companies.

Biotechnology companies appear to be particu-
larly successful in raising the capital from a variety
of sources needed to achieve their goals for
commercialization in some early applications.
This ability to raise capital strengthens their
reports of “increased credibility with investors”.
Together, the evidence supports the conclusion
that ATP funding is a positive factor in providing
firms the name recognition and credibility for
building partnerships to help fund applications
that require long regulatory periods of clinical
testing.

Biotechnology participants were slightly less
successful than information technology partici-
pants in raising funds from venture capital, which
typically insists on short investment recovery
periods. Funding from venture capital was most
frequent in IT: 14% of IT companies, compared to

12% of biotechnology companies, 9% of electro-
nics companies, and none of the manufacturing
companies.

Manufacturing participants were more likely to
receive funds from corporate partners than other
sources, although external financing was rare for
this group. Small companies involved in manu-
facturing projects likely considered financial rela-
tionships with potential customers more useful
than financing alone, and many were involved in
ATP joint ventures that included potential custo-
mers.

Together with the analysis of other factors, the
information on financing provides additional
evidence supporting the life-cycle framework and
enhances the credibility of the expected patterns of
commercialization.

7. Summary of findings by technology area,
conclusion, and future work

A summary of findings presents the results of the
factor analysis presented in Section 6 in the
context of the life-cycle framework. We conclude
with policy implications and plans for future work.

Summary of findings by technology area,
conclusion, and future work

Some of the key findings, by technology area, are
as follows:

Biotechnologies and information technologies.
These technologies support a host of new-to-the-
world applications in a number of industries. They
support formation of new industries.

Information technologies enter the market
quickly, with a significant percentage of applica-
tions expecting commercialization during the
period of ATP funding, and with nearly two-
thirds expecting commercialization by a year later.
For half of IT applications, the window of market
opportunity is expected to close within a year after
ATP funding ends. This timeline is consistent with
the rapid pace of the early phase of the innovation
life cycle for small firms competing to open and
capture new markets. Service applications can be
important commercialization strategies as an

Reproduced with permission of the copyright:-owner. Further reproduction prohibited without permissionyyanny.manaraa.com



144 Powell and Moris

initial point of market entry to end users in many
industries, as a more primary mechanism for
technology advancement in mature manufacturing
industries, and as a strategy for addressing growth
industries like health care and telecommunications
services.

Biotechnology projects have a number of early
opportunities for service applications (for exam-
ple, research and testing services) that are useful
for market conditioning and validation. That is the
case even if biotech applications do not generate
large cash flows or economic impact in therapeutic
markets until much later. Regulatory requirements
prohibit fast market entry for many health care
applications. The market is expected to remain
open for major applications for more than five
years after ATP funding ends.

e The innovation focus is on achieving basic
functionality and performance of new-to-the-
world products.

¢ The flow of investment capital suggests inves-
tors envision the broad future potential of the
markets expected to emerge.

¢ The precise nature of the larger markets and
distribution mechanisms is still blurred.

¢ Technology-based competition is keen, and
dominance changes rapidly in new and emer-
ging markets.

Manufacturing and materials-chemistry projects.
These projects more typically are developing
new process technologies for existing classes
of products in mature, commodity-oriented
industries. Manufacturing technologies and
materials-chemistry technologies commercialize
slowly; however, opportunities are expected to
accelerate about two years after ATP funding ends
and then to decline relatively slowly compared
with other technologies.

¢ The focus is on manufacturability and cost to
gain advantage in “cents per pound,” high-
volume markets, as well as on higher perfor-
mance products.

¢ Capital investment and validation require-
ments are costly and lengthy. Financing
typically comes from retained earnings.

¢ Product life cycles and market windows are
longer than for IT or electronics projects.

Technological change occurs more slowly
than in new product areas, particularly for
commodity types of products.

e Joint ventures are an important vehicle for
sharing risks and technological uncertainties,
particularly in addressing interdisciplinary
issues where different technologies converge,
such as information technology for manufac-
turing or healthcare applications or many
electronics/photonics projects that involve a
mix of materials, electronics, and manufactur-
ing issues.

Electronics. Electronics (and related materials)
projects tend to involve a mix of new and
established firms in transitional, rapid-growth
stages of innovation, company, and industry
development.

» Product applications are more common than
process applications.

¢ Cost and manufacturability are critical objec-
tives.

¢ Electronics product markets are extremely
competitive; product life cycles are short; and
capital requirements for high-volume produc-
tion remain steep barriers to market entry.

¢ Nearly three-fourths of applications are
expected to earn revenues within two years
after ATP funding ends. Windows of market
opportunity are expected to diminish quickly
after two years.

Conclusion and policy implications

The innovation life-cycle model provides a useful
framework for illuminating differences in com-
mercialization patterns across ATP-funded tech-
nology areas. Our analysis shows that
characteristics such as speed to market, size of
firm, project structure, commercialization strategy,
and technology area map to most features and
stages of the innovation life cycle summarized in
Table I. This innovation life-cycle framework
provides a general trajectory of what to expect
when and under what circumstances for future use
in project selection and assessment of project
performance. For example, credible and appro-
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priate commercialization plans and expectations
about revenue must be expected to vary by
technology area, consistent with the analysis
presented in this study. Project proposals that
indicate pathways to markets with major devia-
tions from this analytical framework need to be
examined before funding is committed.

Future work

The data on timing of commercialization and
windows of market opportunity used in the body
of the study reflect expectations at the time of the
last report on file from each ATP project
participant, rather than actual commercialization
history. This study initiated a further effort to
compare actual commercialization histories of
ATP-funded technologies against expectations.
These analyses are presented in the appendix.

Data presented in the appendix from Close-out
Reports for a large portion of the project
participants covered in the body of the study
suggest that ATP projects are meeting or exceed-
ing expectations for their earliest commercial
applications. Data from Post-project Surveys
conducted two to three years after the end of
ATP funding suggest that the commercialization
pace may have slowed down relative to expecta-
tions by that time.

Given the small number of Close-out and Post-
project reports available from each technology
area, their analysis must be judged to be pre-
liminary. Additional data and analysis by type of
commercial application, by technology area, and
by type of ATP project and role within the project
are needed to document the longer-term history
and to identify characteristics of success and
failure to meet expectations.

This study is the first of many anticipated
studies that characterize the differences in com-
mercialization patterns of different ATP-funded
technologies. The growing number of Post-project
Surveys provide substantial data documenting the
actual performance of projects against plans over
longer portions of the technology life cycle. Future
studies will analyze ATP-funded innovation by
specific industry-use sectors and areas of technol-
ogy impact as well as core technology area.
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Notes

1. See Ruegg (1996) for more discussion of enabling
technologies and ATP program objectives. For a related
concept from the macroeconomic perspective see Helpman
(1998).

2. See also McDonough (2000).

3. For example, see Breschi et al. (2000).

4. For an introduction to the literature on research partner-
ships, see Hagerdoon et al. (2000).

5. For example, see Hagerdoon (1993).

6. For a historical, business, and R&D overview of industrial
chemicals, see Arora and Gambarella (1999).

7. Audretsch (2001) and others have noted the important role
of university scientists in biotechnology companies and the
strong ties to universities.

8. See Powell (1999) and Feldman and Kelley (2001) for
earlier evidence and a discussion of the halo effect of ATP
funding.
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Appendix: Actual versus expected
commercialization timelines: Preliminary results

Expectations alone are an incomplete indicator of
the timeline for commercialization—particularly
given the risky R&D projects ATP funds. Early on
there are considerable uncertainties about achiev-
ing the technical goals. Technical hurdles, and
additional capital requirements, may delay the
projects beyond the window of opportunity. ATP
does not seek to fund projects with high business
risks, but some risks are unavoidable.

ATP’s objective is to fund breakthrough,
enabling technologies, some of which will serve
as platforms for emerging industries. Many
projects target markets that are just emerging or
are almost non-existent. Business risk is an
inherent characteristic of such projects. Moreover,
technologies may be already ahead of the market
or ahead of critical complementary technologies
and products. Unexpected competition may arise.

Enough ATP projects have now been completed
to begin comparing actual commercialization
activity with expectations. Here, we take a small
step forward. This appendix provides a prelimin-
ary assessment of the question: To what extent is
actual commercialization mapping to plans? Data
are still very limited. This is the first study to use
BRS data to track a given group of projects over
time, from the beginning of the ATP funding into
the post-ATP funding period. Some initial obser-
vations are possible. Given its preliminary nature,
this analysis seems most suited to an appendix.
More in-depth analysis will follow as more data
become available.

We identified Close-out Reports to match
Baseline Reports for approximately one-third of
all the applications analyzed in the body of the
study. (See discussion of these reports in Section 2
A.) We used these paired reports to compare
actual commercialization experience (as of the end
of ATP funding) with expectations at the start of
the projects.
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Similarly, we had Post-project Surveys to match
approximately one-third of the project partici-
pants whose reports are analyzed in the body of
the study. The Post-project Surveys were con-
ducted two to three years after the end of ATP
funding. They enabled comparison of actual
commercialization experience as of two to three
years after the end of ATP funding with expecta-
tions in the ATP-funding period.

Very early commercialization—during ATP

Our reduced data set of matched Close-out and
Baseline Report data covered 301 commercial
applications reported by 176 organizations in 147
projects. We compared the characteristics of the
matched Close-out and Baseline Reports and
compared actual business progress reported in
the Close-out Reports with expectations about the
timing of commercialization reported in the Base-
line Reports.

147

Profile of matched commercial applications. The
distributions by size of firm, technology, project
structure, and type of application are shown in
Table A.1.

The distributions for this reduced, matched set
of Baseline and Close-out reports can be summar-
ized and compared with the full set, as follows:

e These 301 applications are about equally
divided between small and medium-large-sized
firms. Just over half the applications were
reported by small companies, approximately
the same percentage as for the full group
analyzed in Section 4.

¢ Nearly one-third are applications of materials-
chemistry technologies, while a quarter of the
applications involve information technologies.
Proportions of biotech and materials-chemistry
applications were somewhat higher, and pro-
portions of electronics/photonics and manufac-
turing were somewhat lower than for the larger
group of applications analyzed in Section 4.

Table A.1
Profile of commercial applications in matched close-out and baseline reports

1. By organization type/size and project type

Project type (% of

Firm size (% of applications) applications)
Number of Medium/

applications Small large Other* SA Jv
All 1,172 46 47 7 39 61
Matched Baseline and Close-out applications 301 51 49 0 68 32
2. By technology area

Applications Percentage

Technology All/Close-out All/Close-out
Biotechnology 176/56 15/19
Electronics/photonics 181/30 15/10
IT 307/76 26/25
Manufacturing 185/41 16/14
Materials-chemistry 323/98 28/32
Total 1,172/301 100/100

* Includes universities, nonprofits, and government.

Source: Data are from the ATP Business Reporting System for projects funded between 1993 and 1998.
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e Over two-thirds (68%) of these applications
come from single-company projects. Applica-
tions from participants in joint-venture projects
are poorly represented given that applications
from single-company projects represent only
39% of the 1,172 applications analyzed in
Section 4, but 68% of the smaller, matched
group of Close-out and Baseline reports.

Baseline expectations versus Close-out performance.
For evidence of commercialization as of the end of
the ATP project, we used responses to the
following questions in the Close-out Reports:

¢ Have you earned revenues from products/
services to date? (Y/N?)

« Have you to date begun production (of a new
product or in a new process)? (Y/N?)

The results are shown in Table A.2 and Figure A.1.
These results show that at the beginning of ATP
funding, revenues were expected for only 14% of
the 301 matched applications during the ATP-
funding period, ranging from a high of 29% for IT
technologies to a low of 5% for biotechnology
applications. By the project Close-outs, 22% of the
matched set of applications had generated some
revenue from their initial, first-generation applica-
tions.

All technology areas except manufacturing had
earned revenue for more applications than
expected at this early stage. IT and electronics-
based applications showed the most commercial
activity, with 33% of IT-based applications and

31% of electronics-photonics-based applications
reporting some revenue.

A few caveats are in order. It is evident from the
information provided in Close-out Reports about
actual amounts of revenue to date that much of
the activity was at a low level. The applications for
which revenue was reported represented the ear-
liest opportunities to commercialize early stages of
the technology. Almost no company reported
more than one application with revenues (data
not shown). On the other hand, the results may
undercount actual commercial activity because the
revenue question is not directly applicable to (or
posed for) process applications that may have been
implemented.

Early revenues sometimes derive from sales of
samples or relatively early prototypes, rather than
actual commercial production. To compensate for
limitations in the earned revenue variable, we
examined responses to the question “Has produc-
tion begun?”’ This question applies to process as well
as product applications, but not to service applica-
tions. In general, the production results shown in
Table A.2 are consistent with the revenue earned
results, but show somewhat lower levels of activity.

Across all applications, actual production
appeared to be occurring ahead of baseline
expectations of revenue. Production activity was
reported for 17% of applications, compared with
baseline expectations of 14%.

Biotechnologies showed much more early pro-
duction activity than any other technology area.
This early biotech activity was likely associated
with the fluid stages of innovation, highly custo-

Table A.2
Expectations versus actual commercialization results from matched baseline and Close-out reports, by technology area

Percent of applications*

Revenue is expected

Yes, have earned Yes, production has

Application during ATP (Baseline) revenue (Close-out) begun (Close-out)
Biotechnology 5 14 18
Electronics/photonics 10 31 17
IT 29 33 24
Manufacturing 10 10 7
Materials-chemistry 11 20 16
All 14 22 17

*N = 301 applications.

Source: Data are from the ATP Business Reporting System for projects funded between 1993 and 1998.
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Figure A.1. Comparison of actual revenue activity at project Close-out with expectations at baseline.

mized products, and new markets being served.
Perhaps the vigorous venture capital activity in the
late 1990s facilitated this early activity.

Production results for manufacturing technolo-
gies and information technologies showed some-
what fewer applications in actual production than
baseline expectations suggested.

The omission of service applications in this
variable may account for the IT result. The
manufacturing applications that had earned rev-
enues as of the end of ATP funding were likely
only in pilot production.

Biotechnology companies were in production
for some applications that had not yet actually
generated revenues. One would expect this of
process applications, but not of the product
applications that are more typical of biotech firms.
More investigation is needed, but the early
production using biotechnologies may simply
reflect different definitions biotech and manufac-
turing-based companies apply to “production” in
the early stages of their product cycles.

The key result is that when these matched
applications are considered as a whole, at least
as many applications as was expected resulted
in actual commercial activity at ATP-project
closeout—for each technology area. The many
small companies were seeking to raise market
awareness for very early generations of their
products and to increase cash flow. There is
considerable competitive pressure to be first to
market in new or emerging markets. Larger-

volume, higher-value applications would come
later.

Longer-term commercialization activity—two to
three years after ATP

Post-project Surveys generate considerable detail
about commercial activity after ATP funding ends.
Among the 558 ATP-project participants covered in
the body of the study, we identified 173 companies
(from 135 projects) that were covered in the Post-
project Surveys completed as of early 2002. These
surveys covered participants in ATP projects that
were completed by the end of 1998 and thus were
eligible for their first Post-project Survey by 2001.
Survey results were available from approximately
95% of single and joint-venture project participants
in the eligible group. We used the Post-project
Survey data to perform a longer-term comparison
of actual commercialization with plans.

Profile of matched project participants. Table A.3
compares the distribution of participants in these
Post-project Survey data with the 558 participants
whose commercialization plans are analyzed in the
body of the study.

The similarities and differences in portfolio
characteristics in the total set of 558 participants
and the reduced set of 173 post-project partici-
pants can be summarized as follows:

Reproduced with permission of the copyright:-owner. Further reproduction prohibited without permissionyyanny.manaraa.com



150 Powell and Moris

Table A.3
Distribution of participants and projects

1. By organization type/size and project type

Project type (% of

Firm size (% of participants) participants)
Number of
project Medium/
participants Small large Other* SA A%
All 558 42 51 7 34 66
Post-project survey 173 48 50 2 66 34
2. By technology area
Number of project Number of Participants
participants Percentage projects Percentage per project
Technology All/PPS All/PPS All/PPS All/PPS All/PPS
Biotechnology 83/32 15/18 67/29 22/21 1.2/1.1
Electronics/photonics 97/22 17/13 44/17 15/13 2.2/1.3
IT 140/46 25/27 73/37 24/27 1.9/1.2
Manufacturing 96/18 17/10 39/16 13/12 2.5/1.1
Materials-chemistry 142/55 26/32 76/36 26/27 1.9/1.5
Total 558/173 100/100 299/135 100/100 1.9/1.3

* Includes universities, nonprofits, and government.
Source: Data are from the ATP Business Reporting System for projects funded between 1993 and 1998.

The entire group of 558 and the post-project
group were both about equally divided
between small and medium-sized firms. A
very small number of non-profit organizations
were included in each.

Two-thirds of the post-project group were
single-company awardees, but only one third
of the larger group were single-company
awardees. The Post-project Surveys reflected
a much larger percentage of single-company
projects because those projects and partici-
pants were a larger fraction of the first
completed ATP projects and thus the first to
become eligible for Post-project Surveys. The
average number of participants per project was
considerably smaller for the post-project group
because there were relatively few joint ventures.
Percentage distributions by technology area
were quite similar for the larger group and the
post-project group. The major differences were
that there was a smaller percentage of manu-
facturing participants in the post-project group
and a larger percentage of materials-chemistry

participants. This difference disappeared in
looking at the project distribution by technol-
ogy area. It likely had little impact on the
comparability of the post-project and earlier
data.

Post-project performance

For evidence of commercialization in the post-
ATP period, we used responses to these questions
in the Post-project Survey:

Has your organization earned any revenue (or
experienced reduced costs of production of
goods for sale) to date as a result of its ATP
project? (Y/N)

For those who said No:

In the next two years, does your organization
anticipate earning revenue from its ATP-
funded technology? (Yes, No, Don’t Know)
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For those who said No:

e In the next two to ten years, does your
organization plan to introduce product/license,
or introduce a process in house that incorpo-
rates ATP-funded technology? (Yes, No, Don’t
Know)

The following is a summary of the responses from
the 173 organizations:

e 46% reported they had received revenues (or
cost reductions from new processes) from 104
applications in their first Post-project Survey.

¢ 14% expected to launch products in the next
two years, and 12% planned to introduce a
product in the subsequent two to ten years.

* 28% no longer anticipated revenues from their
ATP-funded technology or were very uncertain
about it.

« 78% of the applications that have earned
revenues to date involve new products or
services; the rest are about evenly split between
manufacturing processes and patent licensing.

Table A.4 provides a detailed breakdown by
technology area. Given the small number of
participants in each area, the results must be
considered preliminary. Nevertheless, it appears
that the major portion of the companies reporting
who will commercialize their ATP-funded tech-
nologies have done so, at least for their first
applications.

This preliminary analysis strongly suggests that
a large portion of the commercialization activity in
all technology areas occurs, or at least begins, by

two to three years after ATP funding ends. Nearly
nine out of ten Information Technology partici-
pants who still expected to commercialize their
ATP-funded technology had already done it. Two
out of three electronics/photonics participants who
still expected to commercialize had done it. In both
areas, no further new commercialization was
expected after the next two years. Biotechnology
and materials-chemistry participants, on the other
hand, expected considerable new activity in the
next two to ten years. Over one in three electro-
nics/photonics and manufacturing participants no
longer expected any revenues at all or were very
uncertain as to their timing.

In general, the pattern is consistent with the
results presented in the body of the study.
Information technologies and electronics/photo-
nics technologies either commercialized quickly or
not at all. Biotechnologies had considerable early
commercialization activity for at least some types
of applications, but many companies saw a long
window of opportunity and commercialization
timeline. The number of data points was small for
manufacturing participants; however, it appears
that there were a large number who had cancelled
plans to commercialize. Additional investigation is
needed to determine the reasons, but it may be that
the cost targets were not met or had shifted so that
the technologies developed with ATP funding were
not deemed commercially viable.

Note that this analysis was conducted by
summarizing activity by project participant rather
than by individual commercial applications, as was
done in the Baseline-Close-out comparisons. By
two to three years after ATP funding ends,
markets have changed substantially since Baseline

Table A.4
Actual and expected commercialization activity as of two to three years after ATP, by technology area

Have earned Expect revenues

Expect revenues in Do not expect revenues

Technology area revenues (%) within two years (%)  two to ten years (%) or are uncertain (%) Total (%)
Biotechnology 44 12 22 22 100
Electronics/photonics 41 23 0 36 100
Information technology 61 9 0 30 100
Manufacturing 44 22 6 38 100
Materials-chemistry 36 13 24 27 100
All 46 14 12 28 100

Note: Revenue activity includes use of new manufacturing processes for reducing production costs.
Source: Data are from the ATP Business Reporting System for projects funded between 1993 and 1998.
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reports were submitted. Therefore, the Post-
project Surveys do not specifically relate applica-
tions reported in the Post-project Survey with
those reported at the start of the ATP project.
Nevertheless, the distribution of applications by
type (product, service, or process) was similar for
the Post-project, Close-out, and larger body of
data. Considerable application-level information is
available in the Post-project Surveys and should
become part of future analyzes.

Finally, we considered whether the ATP project
participants were satisfied with their progress
towards commercialization—that is, to what
extent they felt progress had met their expectations
at that point in time. We examined responses to
the following question:

e Opverall, to what degree have your organiza-
tion’s business goals for the ATP project at this
point in time been achieved? Would you say
you have:

Response choices:

¢ Achieved beyond your goals?
¢ Achieved your goals?

¢ Achieved less than your goals?
e« Don’t know.

Results can be summarized as follows:

¢ 11% had exceeded their business goals.
e 24% had achieved their business goals.
*  65% had failed to achieve their goals.

Reasons for failure to achieve goals were quite
evenly spread across a variety of business and
technical factors.

Although the Close-out Reports had indicated
that the timing of initial revenue activity had
exceeded expectations, the pace seemed to slow
down after ATP funding ended. Cumulative
commercial activity for most project participants
was somewhat less than expected by two to three
years after ATP funding ended. Looking at the
data from the ATP-funding period (Section 4)
together with the Post-project data, 66% of
companies expected revenues from at least one

application within two years after ATP; however,
only about 54% of the companies in the Post-
project group had achieved commercialization by
two to three years after ATP. Of the remainder,
half still expected to earn revenue (most in the next
two years); the other half apparently had largely
given up hope. Sixty-five percent reported they had
failed to achieve their goals for this point in time.

Are expectations about commercialization pat-
terns of ATP projects being met? Significantly
more data are needed, both aggregate and by
technology area, to answer this question. For
example, the Post-project data available reflected a
much larger percentage of smaller, single-company
projects than the data set used in the body of the
study. Furthermore, the data presented in this
study do not address the magnitude of commer-
cialization efforts or actual benefits to the ATP-
funded organizations or the nation.

Given the risky nature of ATP projects, and the
relatively long timelines to commercialization, not
all projects will be successful in accomplishing the
technical goals needed to achieve maximum
economic impact. For many, substantial technical
barriers remain after ATP funding ends. Those
that do meet their technical goals will face business
hazards during the long planning and development
period—hazards that may force them to miss the
market window of opportunity.

The early data suggests that a large proportion
of the projects that will ultimately achieve
commercialization will do so, for their initial
applications, within two to three years after ATP
funding ends. The momentum of some project
participants will continue along longer time paths.
Two to three years after ATP funding ends, a
significant number will have dropped plans for
their ATP-funded technologies or are highly
uncertain about them.

Overall, the emerging patterns of actual com-
mercialization are consistent with expectations
about timing of commercialization presented in
the body of the study. Further studies will examine
whether the different trajectories for different
technologies, and associated commercialization
strategies and objectives, remain consistent with
the innovation life-cycle model over the longer
term.
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