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Abstract

Analogues of the U.S.’s Advanced Technology Program can be found in many countries around the
world. These government programs provide financial assistance to firms and other entities to develop
innovative technologies in the conviction that these developments will contribute to future economic
strength. For political and economic reasons, these programs tend to be complex and intricate in their
design. No informed evaluation and comparison of such programs can take place without a clear
understanding of their internal structures. This paper analyzes the anatomy of such programs and
constructs a vocabulary for understanding program design choices. It identifies and discusses a
representative sample of important program design features—eligibility requirements, the nature of the
research, technical scope, the selection process, and public-private financial arrangements—and
provides examples of national programs embodying alternative design choices. This paper should
interest policymakers, program administrators, program evaluators, and others involved in program
design, management and evaluation.

Introduction ences is limited. Without a lexicon with which to analyze
and frame our understanding of these programs, our knowl-
Analogues of the U.S.’s Advanced Technology Pro-€dge remains superficial and our comparisons faulty.
gram (ATP) can be found in many countries of varying  This paper attempts to help fill this knowledge void. It
sizes and economic maturity around the world. Thes@nalyzes the anatomy of such programs and constructs a
government programs provide financial assistance to firmgocabulary for understanding program design choices. An
and other entities for research to develop innovative tecHnformed debate about such programs can only take place
nologies that underlie national economic growth. Theavhen we have a firmer grasp of their internal structures.
technologies that are created with the help of such prdothers have noted the importance of examining program
grams are expected to improve the competitive strength §tails. When speaking of ATP-like programs, Spender
organizations in terms of new capabilities and enhance@rgues that “The program’s details are vital given their
productivity, and lead to new productsl processes, ani@ltrinsically political judgments about the relationships
services that will benefit the national economy and increaseetween the public and private sectors, the fact that any
the number of high-wage jobs. These programs tend to government involvement in the private sector's markets
complex and intricate in their designs owing to the comheeds justification, and that its design invites a clash of
plex political and economic goals to be served. Howevegoncepts about how innovation happens and a technologi-
little attention has been given to understanding the interngelly-driven economy works” (Spender 1997, p. 51). Hill
structures and Workings of such programs. A|though élaS also considered SpECiﬁC features of the ATP in regard-
body of literature exists on comparing national civilianing its design and opportunities for improving the program
technology policies and strategies, not much work has bed@r greater success (Hill 1998).
done on analyzing how particular programs operate or on  This paper identifies and discusses a representative
comparing and contrasting the design of such programsample of important program design features—eligibility
As a result, our understanding of these specific nationdPduirements, the nature of the research, technical scope,

programs and their comparative similarities and differthe selection process, and public-private financial arrange-
ments—and provides examples of national programs em-
bodying these design choices. When considering all pro-
- . ) grams, some have been in existence longer than others,
Countr):, Binational Comparison of the ATP.and Its A_na- roviding opportunities for relatively young programs, like
logues,” by the author, prepared for the National Institut he ATP, to learn from the experience of older programs.
of Standards and Technology. The draft report Cove_r§imilarly, there are opportunities for older programs to

addltlonal program features of a number of programs iy 4 mine how younger ones are designed for creative ways
different countries.
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of doing things better. It is hoped that this new lexicon andormal partners) participating in the 352 projects funded by
framework of analysis will help us improve our under-the ATP from 1990 through 1997. University participation
standing of how these programs operate. This paper shouklencouraged by requiring that projects press the state of
interest policymakers, program administrators, progranthe art. Many companies must turn to university research
evaluators, and others involved in program design, mardaboratories to extend their technical capabilities. Al-

agement and evaluation. though the ATP does not force collaboration between firms

or between firms and universities or non-profits, leaving
Building a Lexicon and Framework for the decision up to applicants in how best to structure their
Understanding Program Architecture project, it has some built-in influences to encourage

partnering. One incentive to partnering is provided by the
rules governing financial assistance. By limiting the amount

The following section identifies and discusses a repre f ol st t0 $2 million for direct proiect cost
sentative sample of important program design features alfci inancial assistance to sz mitlion for direct project costs

provides examples of national programs embodying alte or smgle-proposer prOJect_s (prior to 199.8’. companies
regardless of size were required to cover their indirect costs

native design choices. Table 1 provides a summary view. v but starti ith 1998 ds. | .
(For a treatment of additional design features, see Chaf"y. but starting wi awarcs, 1arge companies may

1998.) For each design feature, the ATP’s approach is fir ceive assistance for no more than 40% of total project
described, followed by a discussion of how other programgos’ts_nOt to exceed $2 million, while non-large compa-

have alternatively approached the same design feature nies are only required to cover all of their indirect costs), the
"ATP encourages companies to partner in a formal way to

solve larger problems. By capping the number of years of
assistance to three years for single-proposer projects and
five years for joint-venture projects, the ATP further en-

element of a program’s architecture. The following ques_courages formal partnering to undertake longer-term

tions help us examine this feature more carefully. Who igrojects. By setting stringent criteria for integration across
- é?chnical and business project objectives, the ATP encour-

participation? Are only firms allowed to apply? Or, must 29 companigs to'partner to meet the need for strength in
firms pair with a university or non-profit organization? ”,‘“'“p'e. technical fwld;, markgts, and knowle.dge Q|ffu-
Sion. Joint-venture projects, defined by the participation of

Who is allowed to be the lead organization in a project? t |east t ; fit i forming th h
Does the program require collaboration or are applicantg east two, 1or-profit companies periorming the researc
d sharing in the costs, are not limited by the amount of

left to decide? Answers to these questions reveal the desigh ™. . :
choices such programs have made, with respect to eligibi issistance provided, but more than half of the total project
' costs must be cost-shared by industry.

ity, and suggest concerns that underlie that decision. ,

’ The A'?'QF]’ requires for-profit firms to lead projects. Th? LINI.( Scheme, an ATP cc.)unte.rpart program in
Whether in a single-proposer project or a joint-venturethe United Klyngdom, pe_gan op.erat'|ons N 1988’ 'the same
project, firms are the lead organizations, with other comY®ar as ATP's authonz_mg legislation. LI.NK 's aimed at
panies, universities, non-profit organizations, and federa‘?nhancmg the competitiveness of U.K. industry and the

laboratories as their partners. This eligibility requirementquallty of life by supporting pre-competitive research in

reflects the prime program goal that the funded research ©a° of strategic importance to the U.K. economy. In

will be followed by accelerated commercialization of newcontrast tothe ATP, LINK does not require firms to take the

products and processes derived from the developed tec‘?—ad role. LINK requires project proposals to be a collabo-

nology. By requiring projects to be industry-led, the ATP isrative effort between firms and universities. One reason for

deliberately designed to provide firms the incentive tothIS requirement is greater assurance that university ideas

pursue follow-on commercialization activities of project are taken up by U.K. industry and not by foreign firms, that

results with private sector funds. The rationale underlyinf’ .the program promotes technology transfer out of the
ATP’s focus on being industry-led is that economic ben- r_nversmes. Par'tners mu.st come to an ggreement on vyho
efits only result when the new technology is transitionedN'”. lead the project anc! n p.rgct|ce, pr'OJect Ieadershlp 'S
from the knowledge stage into new and better product ,p“t 50-50 b?‘We?T‘ universities and firms. By requiring
processes, and services for users (e.g., a new, improv gns and umverstltle.s. to \f/york togfther, LIN}.( probgrtam
medical treatment that is actually delivered to patients Whge3|g_ners are not giving firms a stronger voice, but are
then benefit from its use.) intentionally encouraging propo;ed res_earch projects tp
At the same time, the ATP encourages participation b ave equal relevanc_e to bOth industrial af‘d gcademm
other kinds of organizations, including universities and ar:]nerls. L”:IKS fdes:cgn mayllncrt'etqse ;[he. “(';e“thOOd 0(;
government laboratories. The main objective of this aspeéFC hology transter from universities 1o industry, an
of eligibility is to strengthen the R&D effort and build the increase the d|ffu5|pn O.f project results via academlg pub-
knowledge base. More than 125 universities are among t eation. The question is whether the companies will be

over 800 organizations (excluding subcontractors and in_ocuseq on rapid cpmmermal progress.
Policymakers in other countries have made yet other

Eligibility Requirements

Eligibility requirements are a primary constituent
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Table 1. Comparative features of the ATP and its analogues*

Program
Year of
Launch

Mission

Technical
Scope (open
to all techs?
pre-selected
list? or
hybrid?)

Who Leads?

Nature of
Research

Formal or
Informal

Selection
Process?

Cost-share
Requirement

Canada
U.S. Technology
Advanced Partnerships
Technology Canada
Program (TPC)

E.U.
Framework
Program

Finland
Tekes

Japan
Teiankobo

U.K
LINK Scheme

1988-Present

Stimulate Encourage
economic growth economic
and accelerate thegrowth and
commercialization create jobs,
of technologies specifically to
help co's
develop new
products for

export
Hybrid Hybrid
General Pre-selected
competitions are aerospace
open to all; and defense;
focused environmenta

competitions fund and enabling
specific tech areastechs (open
All techs must be to techs that

high risk and can create
enabling new
industries)
Industry Either
industry or
university
Beyond basic Close to
science, prior to  product

product
development

development

Formal Formal
If single proposer, Typically
100% of indirect  70-75% of

costs (if large total project
business, minimumcosts

60% of total

project costs). If

joint venture,

greater than 50%

of total project

costs

1996-Present 1984-present

Develop
European
S&T

capability and
meet other
objectives

Pre-selected
list

Industry

Beyond basic
science, prior
to product

development

Formal

Minimum 50%
for industry.
0% for
university
partners

Stimulate
economic
growth

Pre-selected
list

Industry

Beyond basic
science, prior
to product

development

Formal

Minimum 50%
of total project
costs

1983-Present

Creation of
new
industries

Hybrid

Energy and
environment;
and industrial
S&T (open to
techs that can
create new
industries)

Industry

Close to basic
science

Formal

N.A.

1997-Prd$88-Present

Enhance the
competitivenes
of U.K. industry
and the quality
of life

Uy

Pre-selected list

Either industry
or university

Mainly, prior to
product
development.

Formal

Minimum 50%
of total project
costs

*This table is taken from a draft report by Chang, “A Multi-Country, Binational Comparison of the ATP and its

Analogues,” prepared for the National Institute of Standards and Technology and planned for publication in September

1998.
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program design choices with respect to eligibility. Fordeliberate goal seeking and unknown outcomes.
example, the European Union’s Framework Program for The ATP funds research that can lead to the creation
Research and Technological Development which waand rapid commercialization of high-risk, enabling tech-
launched in 1984 provides financial assistance for prenologies that have the potential to generate economic and
competitive research to trans-European consortia. Eadlkchnical opportunities that can lead to broad-based ben-
project must have a minimum of two independent partnersfits for the nation. The ATP does not pay for product
based in two different member states. Projects that promotkevelopment or other expenses related to commercializa-
coordination or collaboration between member states aitéon; and it does not fund projects that are geared to creating
given greater consideration. The addition of a geographicalew knowledge for knowledge’s sake without an evident
element to the eligibility criteria reflects the program’spathway to commercialization. It is designed to create
political objective of creating a united European researcinnovative technologies which have the potential for wide-
community. spread commercial application with benefits extending far
A program that is designed to allow only for-profit beyond the direct award recipients.
firms to apply as the lead organization, in either a single Like the ATP, the U.K.'s LINK Scheme funds long-
proposer project or a collaborative project, may be trying téerm, enabling and generic research to enable and acceler-
ensure that the research being pursued is relevant &te the commercial exploitation of science and technology,
industry. Moreover, by placing a firm at the helm aleading to new products, processes, systems, and services.
program may be seeking more commitment from thdn contrast, Technology Partnerships Canada (TPC), a
proposing firm in bringing technologies developed duringCanadian counterpart program to the ATP launched in
the project into commercialization. In contrast, a progranl996, funds nearer-to-market projects. The TPC program
that allows or encourages universities, research instituteprovides funding for activities related to the development
non-profit organizations, or government laboratories to bend demonstration of products, processes, and technolo-
the lead applicant may perhaps reflect the belief of itgies (including research, development, technology com-
architects that universities are as capable as firms imercialization, sustaining technology, quality manage-
creating new technologies for the marketplace, or perhapsent, and technology integration and acquisition); pre-
it may reflect a greater interest in knowledge creation angroduction to develop production capabilities; and studies
less concern about future commitment to commercializeelated to potential projects or the identification and assess-
new technologies. It may have less concern about researofent of strategic technology opportunities.
results being exploited by firms in other countries instead
of its own. A program that requires collaboration betweerTechnical Scope
firms and universities, or firms and national laboratories
may do so with the goal of transferring knowledge created The technical scope of a program refers to the tech-
by universities or national laboratories to industry. Theynologies that qualify. It takes the category of research
may be more focused on the diffusion of existing newdiscussed above as given (e.g., “pre-competitive,” “en-
technologies created in universities and national laborat@bling,” “high-risk”) and goes one step further in asking
ries and less concerned with the particular interests afthat technologies within this category of research are

industry. eligible for funding (i.e., within the program’s scope).
Among the possibilities are that a program provides fund-
The Nature of the Research ing to eligible organizations for research to develop tech-

nologies of their own choosing with little involvement of

The kind of research a program supports reveals thgovernment. Another is that technologies/topic areas/
nature of the problems it is addressing. Along the researdchemes are set in advance by legislators or program admin-
spectrum, a program may fund research that is closer tstrators. Hybrids of the two provide other options. For
basic science (without attention to potential uses), or it magxample, eligible applicants might have the option to
fund product development work (there may be serioupropose project topics either in technology areas of their
barriers to bringing technologies to market), or it may funcdwn choosing or in pre-selected areas. As another example,
somewhere in between these two ends of the continuum.étigible applicants might propose whatever they like, but
may fund applied research to develop enabling technolgrogram administrators might screen them based on pub-
gies with some anticipated applications as well as manlc-interest criteria.
potential uses not yet envisioned. It may focus on the The ATP takes a hybrid approach. It offers both
research interest of a single firm or group of firms, or it maygeneral competitions which are open to all technologies,
be more concerned about effects that will likely extendapplications and ideas, and focused program competitions
beyond the direct award recipients. It may focus on easy-tavhich fund interlocking sets of projects that are focused on
assimilate, incremental technologies, or revolutionary techachieving pre-specified technical and economic goals.
nologies that entail radical changes for their users. Choicdcused program ideas in the ATP are generated from
such as these reveal a balance by the program of publiedustry input in the form of white papers and are further
interests and private interests, of feasibility and risk, ofleveloped in public workshops and meetings held by
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program managers. Only program ideas that best meby TEKES to gather and develop ideas with industry. The
selection criteria that are designed to accomplish thprogram areas link firms in specific industrial sectors with
program’s mission—nhigh technical challenges, broad-baseithe aim of raising their collective technological know-how.
economic benefits, industry commitment, and the necessityrogram areas have included planning and manufacturing
of ATP support—are selected as new programs. Projetechnology for electronics, computer-integrated manufac-
proposals for focused program competitions are evaluatedring technology, construction technology, mining tech-
against published selection criteria, as are project propostology and pulp and paper technology.
als submitted to general competitions. By concentrating A program thatis open to all technologies may be more
funding in particular areas while allowing proposals thatresponsive to where industry wishes to go, and more
fall outside the technical scope of these areas to be submftexible in responding to changes in the marketplace. It
ted to general competitions, the ATP tries to ensure an openay be more able to invest its resources in areas that most
door to all excellent ideas, while concentrating its investneed government assistance at the moment. A program that
ment impact in certain areas which have the potential témits its funding to pre-selected technologies may be less
deliver large national benefits. Examples of focused proflexible in responding to changes in the marketplace, but
grams are photonics manufacturing, catalysis andhay benefit the nation by concentrating a critical mass of
biocatalysis technologies, tools for DNA diagnostics, tisfunding in specific technology areas that meet particular
sue engineering, and adaptive learning systems. goals. In making its selection of technical areas, a program
Canada’s TPC program focuses its funding on threenay consult with industry to identify areas that are impor-
main technology areas—aerospace and defense; enviramant to them to help ensure that follow-on commercializa-
mental, and enabling technologies. Like the ATP, the TP®@on will occur. However, as Kelley points out, the disad-
program employs a hybrid approach by pre-selecting threeantage with this approach is two-fold: it “presupposes that
areas, the last of which offers firms the chance to propogbe agency has the internal staff expertise to assess what it
research topics that are broader than the other two. This ldstirns from these interchanges” and it “may tend to favor
area, enabling technologies, is open to proposals that céchnical areas of interestto [well-established groups within
create new industries or show the potential to transforrthe private sector R&D community that have a greater
and strengthen the basis of competition in whole industrgapability to engage in such dialogue with a government
sectors, including proposals to develop advanced manufaagency] over those proffered by new or less well-organized
turing and processing, advanced material processes agtups.” (Kelly 1997, p. 323). A program that takes a
applications, biotechnology, and advanced informatiorhybrid approach in defining its scope of activity may be able
technologies. to take advantage of the positive features of both while
In contrast to the U.S. and Canadian hybrid programdimiting the disadvantages of each.
the U.K.’s LINK Scheme favors pre-selected themes. LINK
has 58 programs focused on particular technology ofhe Selection Process
market areas that provide support for research of strategic
importance to the U.K. economy. These programs are When considering programs in all countries, selection
categorized under the main headings of food/agriculturggrocesses by which projects are chosen for funding vary
electronics/communications/IT, biosciences/medical, maacross programs from highly structured to informal. The
terials/chemicals, and energy/engineering. Each prograffollowing questions are useful in examining this feature
typically receives financial support from a number ofmore carefully. Is the selection process formalized? Is a
Government Departments and Research Councils. Singeer-review process used? Are projects selected according
1995, new LINK programs have been responsive to priorito publicly available criteria? What are the criteria? Do they
ties identified under an initiative called Foresight whichinclude, for example, technical and/or economic merit,
brings together industry, academia, and government tgeographical or regional balance, collaboration between
identify long-run trends in markets and technologies in therganizations, political affiliation, or other goals at the
United Kingdom and emerging opportunities for U.K. discretion of program administrators?
industry, and to suggest possible courses of action to take The ATP has a formalized, peer-review process for
to benefit from these opportunities. selecting projects. Selection criteria and application guide-
Another example of a program taking the pre-selectetines are published in a booklet called the Proposal Prepa-
approach is Finland’s TEKES, or the Technology Developration Kit which is updated, re-issued periodically and
ment Center. It began operations in 1983 and aims to helpidely disseminated. A selection board composed of tech-
firms develop technologies that can lead to internationallyologists from government laboratories and agencies, busi-
competitive products, production processes and servicesess experts, and economists is established for each an-
At the beginning of the program, a committee was set upounced competition. Each project proposal is reviewed for
and proposed twelve nationally important areas to improvéhe strength of its plan to pursue high risk research, its
Finland’s technological capabilities. Since then, furtherpotential in delivering broad-based economic benefits to
programs areas have been driven by industry. Technologhe nation and plans for diffusing results and bringing
areas are decided after workshops and conferences are heddhnologies developed during the project to commercial
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fruition, the proposed organizational structure to accomerations to make the final selection of projects.
plish project goals, commitment to carry the research An approach that relies more on established, formal
through to commercialization, and experience and qualifiselection criteria may provide greater assurance that projects
cations. The board chooses projects that score highesill be selected for their merit. Projects that are selected
against these published selection criteria to receive finaraccording to criteria other than technical and/or economic
cial assistance awards. The board does not consider ganerit may deliver on these other objectives, but possibly at
graphic balance, political concerns, company relationshipthe cost of good technical and economic results—as would
with staff, or other factors in its decision making process—probably be the case if the selection process were not based
only the “official” selection criteria. on peer review, but on, for instance, political favoritism.
The European Union’s multi-annual Framework Pro-
gram, which sets out the E.U.’s main scientific and technoPublic-Private Financial Arrangements
logical objectives for a five-year period to tackle problems
more effectively at the European level than by individual =~ Cost-sharing arrangements are another constituent
member states, encompasses several thematic programart of a program’s architecture. What are the financial
Applicants submit proposals to specific program announcearrangements between the government and participants? Is
ments. Like the ATP, there is a step-by step published guidde government providing a grant or a loan? Is the govern-
that provides applicants with general information on thement a minority investor in the project or a majority
submission and selection process. Proposal evaluators drerestor? A program may be designed to provide all the
given a set of formal, established criteria against whicltosts of a research project or require that award recipients
proposed projects are reviewed. Although detailed sele@ay some portion.
tion criteria differ across programs, there is a set of The ATP is designed with a cost-sharing requirement.
common selection criteria which are similar to ATP’s inFor single proposer projects, the ATP requires the award
the focus on scientific and technical excellence, diffusiorrecipient to cover all indirect costs of the project, with the
of technical results, and impact on the economy, but unlikexception of large businesses which must cover a minimum
the ATP there is no required plan for future commercializaof 60% of total project costs (direct and indirect)—a
tion. Moreover, there are two other important differencesrequirement that is effective beginning with 1998 awards
The Framework Program requires transnational collaborae encourage large businesses to join in formal collabora-
tion, as mentioned earlier. In addition, the Frameworkive efforts. The ATP requires at least two for-profit indus-
Program provides funding to projects which are aimed afrial members in a joint venture project to contribute to the
serving goals other than the creation of new technologiegpost-share requirement of greater than 50% of total project
including training and mobility of researchers, and stancosts.
dards and measurements. Furthermore, other consider- Many analogues to the ATP have similar cost-sharing
ations such as the R&D priorities of member states are alssrrangements. U.K.’s LINK Scheme and Finland’s TEKES
taken into account, reflecting the political concerns toboth require a minimum of 50% cost share. The E.U.'s
which the Framework Program must be responsive. Framework Program requires at least 50% cost share from
A new program in Japan called “Teiankobo” which companies while university partners have all their costs
translates into “proposal-based, new creative technologyaid by the government. Canada’s TPC program, however,
research and development program” was established lastquires a higher cost-share typically between 70% and
year in several ministries, including the Ministry of Inter- 75% of the eligible project costs, but not lower than 67%.
national Trade and Industry (MITI), and has differentThe TPC program’s higher cost-share requirement is un-
research foci depending on the ministry in which it sitsderstandable because it funds nearer-to-market projects, as
MITI's Teiankobo is administered by the New Energy andmentioned earlier, and expects to recover its investment
Industrial Development Organization (NEDO), a publicgenerally through royalties once a project is complete.
corporation attached to MITI. Like the ATP and the By setting or not setting a cost-share requirement,
Framework Program, MITI's Teiankobo also makes itsprogram administrators can influence the type of projects
selection process and criteria formal and publicly availablgroposed. For example, by requiring some level of cost
(in Japanese). In NEDO'’s public request for proposalssharing, programs may find greater commitment on the
guidelines are provided for applicants. These guidelinepart of the award recipient to carry out the project to term
state that a screening committee established within NED@nd pursue subsequent commercialization since their fi-
will evaluate proposals submitted against specific screemancial stake in the project provides them with a stronger
ing criteria which are composed of five elements: fundaincentive to realize a return on their investment. However,
mental, original, and innovative research; ripple effects orthe larger the cost share required of industry—let's say,
industry, the economy, and society; international signifi-larger than the government’s contribution like Canada’s
cance with Japan taking a leading and guiding roleTPC program—the more likely firms are to propose projects
appropriateness of the plan and schedule of goals; arhlat can deliver earlier commercial opportunities to gain a
ability to implement the project. The guidelines also statéaster return on their investment (i.e., projects that are
that NEDO will consider the screening committee’s delib-closer to market). Program administrators, in this example,
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