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Ekecutive Summary 

Purpose goods in each year since 1983, and U.S. companies have lost significant 
market share to foreign competitors. In particular, small manufacturers 
generally have not kept pace with their foreign rivals because they have 
not upgraded their manufacturing processes by using such basic auto- 
mated equipment as computer-aided design systems. In response to this 
decline, legislation enacted during the past 3 years has established four 
federal programs offering incentives for states to help small manufac- 
turers improve their competitiveness, primarily by adopting advanced 
automated technologies developed at the National Institute of Standards 
and Technology (NET) and other federal laboratories. 

The Ranking Minority Member, Senate Committee on Small Business, 
requested that GAO assess (1) the primary technology needs of small 
manufacturers to improve their competitiveness and (2) the effective- 
ness of four federal programs, particularly the Department of Com- 
merce’s Manufacturing Technology Centers Program, in addressing 
these needs. 

Background over 98 percent of the nation’s 358,000 manufacturing firms. To 
improve the competitiveness particularly of small manufacturers, legis- 
lation enacted during the past 3 years established the following four 
programs: (1) a Manufacturing Technology Centers Program that 
awards matching funds for up to 6 years to U.S.-based nonprofit organi- 
zations, (2) a technology assistance program that provides assistance to 
states mainly by awarding cooperative agreements, (3) a federal 
clearinghouse that provides state and local governments information 
about technical assistance initiatives for improving the competitiveness 
of U.S. businesses, and (4) a pilot technology access program that pro- l 

vides matching grants for states to increase small businesses’ access to 
online data base services, including links to federal laboratories. Impor- 
tant principles underlying these programs are cost-sharing by state 
organizations, time-limited federal support, long-term commitment by 
states in working with small manufacturers, and a belief that federal 
laboratories can play a major role in upgrading the capabilities of small 
manufacturers. About $15 million was made available for the four pro- 
grams in fiscal year 1991. 

Results in Brief proven, off-the-shelf automated technologies that would enable them to 
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Executive Summary 

Principal Findings 

raise productivity, improve product quality, and respond to changing 
market conditions, In contrast, most small manufacturers cannot effec- 
tively use advanced, state-of-the-art automated technologies developed 
at NIST and other federal laboratories because they generally do not have 
the resources or trained personnel to incorporate such technologies into 
their operations. 

Overall, the four federal programs have been only somewhat effective in 
addressing the technological needs of small manufacturers to improve 
their competitiveness, In particular, while legislation establishing the 
Manufacturing Technology Centers Program emphasized the transfer of 
advanced technologies being developed at federal laboratories, the cen- 
ters have found that their clients primarily need proven technologies. 
Thus, a key mandate of this program is not realistically aligned with the 
basic needs of most small manufacturers. 

In addition, the four programs have affected only a relatively small per- 
centage of small manufacturers; by themselves, they are insufficient to 
have much effect on improving small manufacturers’ competitive posi- 
tion Moreover, while the federal programs are designed to offer incen- 
tives for states to start or expand technology assistance services, only 
seven states provide direct consultation to manufacturers-the type of 
assistance experts consider most effective in helping manufacturers. 
Three of these states recently substantially reduced funding for their 
programs because of budget constraints. 

4 

Small Manufacturers Need The Omnibus Trade and Competitiveness Act, in authorizing Com- 

Proven Technologies merce’s technology assistance programs, emphasized the transfer of 
advanced technologies, such as computer-integrated manufacturing sys- 
tems, from NIST and other federal laboratories to small manufacturers. 
Similarly, recent legislative proposals to improve U.S. competitiveness 
continue to emphasize transferring advanced manufacturing technolo- 
gies from federal laboratories as the primary answer to help small man- 
ufacturers become more competitive. However, according to officials 
from professional and trade associations representing small manufac- 
turers and the results of key studies on U.S. manufacturing competitive- 
ness, such advanced, laboratory-based technologies are not practical for 
most small manufacturers because these technologies generally are 
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expensive, untested, and too complex. According to these sources, the 
primary technology need of most small companies for improving their 
competitive position is to adopt such proven technologies as computer- 
aided design and manufacturing systems to solve routine production 
problems and improve productivity. For example, one industry expert 
testified in congressional hearings on the Trade Act that small firms 
have difficulty competing, not because new technologies need to be 
developed, but because proven technologies are underutilized or not 
used at all. According to a senior NIST official, technologies developed at 
NIST'S Automated Manufacturing Research Facility-a “test bed” for 
developing and demonstrating state-of-the-art automated technologies- 
are of interest to at most 6 percent of all small manufacturers. 

Federal Programs Shou 
Emphasize Proven 
Technologies 

.ld NIST'S Manufacturing Technology Centers Program is the principal fed- 
eral program offering incentives for states to provide technology assis- 
tance. Since January 1989, NIST has provided about $7.6 million to each 
of three centers located in Cleveland, Ohio; Troy, New York; and 
Columbia, South Carolina. All three centers initially proposed to 
transfer advanced technologies from federal laboratories to small manu- 
facturers. The centers found, however, that their clients primarily 
needed proven technologies. During their first 30 months, the three cen- 
ters initiated 1,336 projects that have emphasized proven technologies, 
while successfully transferring only four federal laboratory-based tech- 
nologies. According to the firms assisted, the centers have helped them 
save $139 million through improved operations. 

The other three federal programs, designed to provide incentives for 
states to improve their technical assistance efforts, are all in their early 
stages. As part of its state technology assistance program, NIST awarded 
cooperative agreements to (1) nine states in August 1990 to improve 

4 

businesses’ access to the manufacturing technology centers and federal 
technology and (2) eight states in September 1991 to develop plans for 
coordinating technology assistance programs for their local businesses. 
For the pilot technology access program, NIST and the Small Business 
Administration in September 1991 awarded matching fund grants to 
Small Business Development Centers in six states for improving small 
businesses’ access to public and private technology, services, and exper- 
tise. In addition, Commerce’s Office of Technology Commercialization 
has established a clearinghouse to provide state and local governments 
information on various competitiveness initiatives. The clearinghouse, 
which became operational in October 1990, is only beginning to collect 
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Executive Summary 

and evaluate information about the strengths and weaknesses of alter- 
native approaches for helping businesses improve their productivity, 
technology, and innovation, which states consider key to the success of 
the clearinghouse. 

The four federal programs have provided relatively little assistance to 
small manufacturers and, by themselves, cannot realistically be 
expected to have much impact on improving U.S. manufacturing com- 
petitiveness. For example, the manufacturing technology centers have 
affected the operations of less than 1 percent of the nation’s small man- 
ufacturers. In addition, only seven states have established manufac- 
turing technology extension programs that provide direct consultation 
to companies through field agents. These programs, which many experts 
consider most effective in providing technical assistance, account for 
only 4 percent of all state economic development funding and reach only 
2 percent of all small manufacturers annually. In the past 2 years, three 
of the seven states-Michigan, Ohio, and New York-have substantially 
reduced funding for their programs as part of efforts to reduce pro- 
jected budget deficits. 

Matters for 
Congressional 
Consideration 

Because the primary technology need of most small manufacturers for 
improving their productivity is to adopt proven technologies, the Con- 
gress-in considering whether to expand existing, or initiate new, fed- 
era1 technology assistance programs- may wish to refocus the emphasis 
of such programs from transferring advanced, laboratory-based technol- 
ogies to transferring proven, off-the-shelf technologies. 

Agency Comments As requested, GAO did not obtain written comments on a draft of this 
report. However, GAO discussed the information included in this report 
with Commerce and Small Business Administration officials responsible 
for the four federal technology assistance programs, who agree with the 
report’s technical accuracy. 

4 
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Chapter 1 

Introduction 

Foreign competition has put increasing pressure on U.S. manufacturers 
to improve their productivity and product quality. US. manufacturers 
in the automotive and electronics sectors, for example, have also lost 
significant sales and market share to Japanese and other foreign compa- 
nies that have used the latest technologies and processes to manufacture 
more reliable and lower priced products. To help the competitiveness 
particularly of small- and medium-sized U.S. manufacturers, the 
Omnibus Trade and Competitiveness Act of 1988 (P.L. 100-418, Aug. 23, 
1988) established three programs in the Department of Commerce 
offering incentives to state and nonprofit organizations to assist manu- 
facturers in modernizing their operations by adopting automated tech- 
no1ogies.l In addition, the Small Business Administration (SBA) 

Reauthorization and Amendments Act of 1990 (P.L. 101-674, Nov. 16, 
1990) established a pilot technology access program providing matching 
grants to at most five states to increase small businesses’ access to 
online information data base services that provide technical and busi- 
ness information. 

Background Various economic statistics indicate a decline in U.S. manufacturing 
competitiveness. As shown in table 1.1, the United States has experi- 
enced major trade deficits in manufactured goods in each year since 
1983. U.S. manufacturing productivity, measured in output per hour, 
grew at an average annual rate of 3.2 percent between 1979 and 1989. 
While this rate exceeded that of Germany and Canada, it trailed Japan’s 
annual productivity growth rate of 5.5 percent, the United Kingdom’s 
4.7 percent annual growth rate, and Italy’s 4 percent annual growth 
rate. U.S. manufacturing jobs also declined from 21 million in 1979 to 
19.1 million in 1990. 

‘The Small Business Administration generally defines a small business as having fewer than 600 
employees. Some experts have further divided small manufacturers into small firms with fewer than 
100 employees and medium-sized firms with from 100 to 499 employees. This report collectively 
refers to such small- and medium-sized firms as small manufacturers. 
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Table 1.1: U.S. Balance of Trade in 
Manufactured Goods, 1979-90 Dollars in billions 

Year 
1979 
1980 

1981 

1982 
1983 

1984 

U.S. imports 
$117.1 

133.0 

149.8 

151.7 
170.9 

230.9 

U.S. exports 
$132.7 

160.7 

171.8 

155.3 
148.7 

164.1 

U.S. trade 
surplus or 

(deficit) 
$15.6 

27.7 

22.0 

3.6 
(22.2) 

(66.8) 

1985 257.5 168.0 ;8ii$ 
1986 296.6 179.8 (116.8) 
1987 324.4 199.9 (124.5) -- 
1988 361.3 255.6 ;105.7; 
1989 379.4 287.0 (92.4) 
.1990 %w A 315.7 (73.1) 

Source: International Trade Administration, Department of Commerce. 

Such trends are troublesome since, as several recent studies have noted, 
the future well-being of the U.S. economy depends on a strong manufac- 
turing base, which requires continual technological improvements to 
meet growing global competition. For example, the Office of Technology 
Assessment stated that U.S. manufacturing has never been in more 
trouble from foreign competition than it is now and concluded that US. 
manufacturing technology, from product design to manufacturing pro- 
cess development and refinement, must improve.2 In particular, an Eco- 
nomic Policy Institute study reported that industrial modernization 
problems hindering US. manufacturing competitiveness are most acute 
for small manufacturers.3 According to this study, while some small 
manufacturers are on the cutting edge of technology, most are using 
manufacturing technologies developed in the 1960s. These companies 
are not using proven, already available automated technologies that 
would allow them to improve quality, raise productivity, and increase 
their flexibility to respond to changing market conditions. 

As shown in table 1.2, small manufacturers constituted over 98 percent 
of the 368,000 US. manufacturers in 1986. These companies produce 
more than one-half of the “value-added” in US. manufacturing and 

20ffice of Technology Assessment, Making Things Better: Competing in Manufacturing (Feb. 1990). 

3Economic Policy Institute, Modernizing Manufacturing: New Policies to Build Industrial Extension 
Services (1990). 
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employ about 36 percent of the manufacturing workers. In addition, 
since many small manufacturers supply parts and equipment to larger 
companies, their productivity and product quality problems may 
adversely affect the U.S. industrial base as a whole. 

Table 1.2: U.S. Manufacturers by Size, 
1988 Manufacturers Number Percent 

small 353,801 98.8 
Larae 4.206 1.2 

Total 358,007 100.0 

Source: SEA, The State of Small Business: A Report of the President (1989). 

State Business During the past 20 years, state governments have established a myriad 

Assistance Programs 
of economic development programs to create or retain jobs by providing 
business assistance and encouraging economic diversification. A study 
by the National Institute of Standards and Technology (NIST) identified 
approximately 400 programs administered by 43 states to assist busi- 
nesses.4 These programs received about $620 million in funding in fiscal 
year 1988, of which 48 percent was contributed by the states; 26 per- 
cent by the federal government; and 26 percent by industry, universi- 
ties, local governments, and other sources. Some of these programs, such 
as SBA’S Small Business Development Centers, are affiliated with federal 
agencies.” 

States’ business assistance programs primarily offer such nontechnical 
services as business plan preparation, financial analyses, business fore- 
casts, marketing surveys, and site location assistance. According to a 
National Governors’ Association report, nonmanufacturers comprised 
about 67 percent of the companies served by these programs.” In addi- b 
tion, many of the state programs that offer technical assistance are 
designed to stimulate economic development through research parks, 
incubator programs, seed capital, and technology research centers. This 
kind of assistance is normally associated with start-up companies or 

4NIST, Technology-Based Economic Development: A Study of State and Federal Technical Extension 
Services [June 1990X 

“Started in 1977, the Small Business Development Center Program provides business-related coun- 
seling, training, and specialized assistance through a nationwide network of centers and subcenters 
that are usually operated by colleges and universities. 

“National Governors’ Association, Promoting Technological Excellence: The Role of State and Federal 
Extension Activities (1989). 
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high-technology firms looking to develop new products or new indus- 
tries, rather than with addressing routine production and product 
quality problems of established manufacturing firms. 

Commerce’s To improve US. manufacturing productivity and competitiveness, the 

Technology Assistance 
Omnibus Trade and Competitiveness Act of 1988 redesignated Com- 
merce’s National Bureau of Standards as NET and broadened its mission. 

Programs Among other responsibilities, NET was authorized to assist industry in 
(1) developing technology and procedures needed to improve quality; (2) 
modernizing manufacturing processes; and (3) ensuring product relia- 
bility, manufacturability, functionality, and cost-effectiveness. 

The act also established three programs within Commerce to encourage 
states to assist manufacturers. Section 5121 provides for financial and 
technical assistance to states and nonprofit organizations by directing 
NIST to (1) establish Regional Centers for the Transfer of Manufacturing 
Technology, commonly known as manufacturing technology centers 
(MTCS), and (2) provide technical assistance to state technology pro- 
grams. Section 6122 directed Commerce’s Office of Productivity, Tech- 
nology, and Innovation to establish a Clearinghouse for State and Local 
Initiatives on Productivity, Technology, and Innovation. 

Manufacturing Technology The’Omnibus Trade and Competitiveness Act authorized NIST to award 

Centers funding for up to 6 years through cooperative agreements to U.S.-based 
nonprofit organizations for establishing and operating MTCS. The MTC 

program’s objective is to enhance productivity and technological per- 
formance in U.S. manufacturing through the 

. transfer of manufacturing technologies and techniques developed at NIST l 

to manufacturing companies throughout the United States; 
l participation of individuals from industry, universities, state govern- 

ments, other federal agencies, and, when appropriate, NIST in coopera- 
tive technology transfer activities; 

. efforts to make new manufacturing technology and processes usable by 
U.S.-based, small- and medium-sized companies; 

l active dissemination of scientific, engineering, technical, and manage- 
ment information about manufacturing to industrial firms, including 
small- and medium-sized manufacturing companies; and 

‘This office subsequently became the Office of Technology Policy within the Office of the Under 
secretary of Commerce for Technology. 
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. utilization, when appropriate, of expertise and capability that exists in 
federal laboratories other than NET. 

While NET may provide up to 60 percent of an MTC'S capital and annual 
operating and maintenance costs during the first 3 years, the MTC'S oper- 
ator is expected to contribute increasing percentages of the costs in the 
last 3 years. NIST'S declining levels of funding are intended to ensure that 
the MTCS no longer need NIST financial support by the seventh year. The 
Congress made available $7.6 million in fiscal year 1989, $7.5 million in 
fiscal year 1990, and $12.5 million in fiscal year 1991 for the MTC 
program. 

Assistance to State 
Technology Programs 

The Omnibus Trade and Competitiveness Act authorized NIST to provide 
technical assistance to state technology programs to help businesses 
enhance their competitiveness through the application of science and 
technology. Such assistance was required to include, but not be limited 
to 

technical information and advice from NIST personnel, 
workshops and seminars for state officials interested in transferring 
federal technology to businesses, and 
entering into cooperative agreements when authorized to do so under 
this or any other act. 

Although no funds were appropriated in fiscal year 1989 for the state 
technology assistance program, $1.3 million was made available in each 
of fiscal years 1990 and 1991 for the program. 

Clearinghouse for State 
and Local Initiatives 

a 
The Omnibus Trade and Competitiveness Act also established a 
Clearinghouse for State and Local Initiatives on Productivity, Tech- 
nology, and Innovation. The clearinghouse, which is within the Office of 
the Under Secretary of Commerce for Technology, is designed to serve 
as a central repository of information on (1) state and local government 
initiatives to enhance the competitiveness of U.S. businesses and (2) fed- 
eral efforts to assist state and local governments to enhance competi- 
tiveness through the stimulation of productivity, technology, and 
innovation. The clearinghouse is authorized to 

. establish relationships with state and local governments and with 
regional and multistate organizations of such governments that carry 
out such initiatives; 
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. collect and disseminate information on the nature, extent, and effects of 
such initiatives; 

. provide technical assistance and advice to state and local governments 
about such initiatives; 

. study ways in which federal agencies, including federal laboratories, are 
able to use existing policies and programs to assist state and local gov- 
ernments and regional and multistate organizations to enhance the com- 
petitiveness of U.S. businesses; 

. make periodic recommendations to the Secretary of Commerce, and to 
other federal agencies upon their request, concerning ways to modify 
federal policies and programs to improve federal assistance to state and 
local technology and business assistance programs; 

. develop methodologies to evaluate state and local programs and, upon 
request, to advise governmental organizations on which programs are 
most effective in enhancing U.S. businesses’ competitiveness through 
the stimulation of productivity, technology, and innovation; and 

. use and disseminate NET'S nationwide study of state industrial exten- 
sion programs, which the act required. 

No funds were appropriated for the clearinghouse’s activities in fiscal 
year 1989. According to a Commerce official, about $326,000 was spent 
in fiscal year 1990 and about $300,000 was spent in fiscal year 1991 for 
clearinghouse activities. 

SBA’s Pilot 
Technology Access 
Program 

directed SBA, consulting with NET and the National Technical Informa- 
tion Service, to establish a &year pilot technology access program to 
increase the access of small businesses to (1) online data base services 
that provide technical and business information and (2) technical 
experts. Under the program, SBA is directed to award grants to up to five 8 

states for such activities as 

l defraying the cost of access by small businesses to data base services, 
. training small businesses in using the data base services, and 
. establishing a public point of access to the data base services. 

The act directs SBA to award grants on the basis of a state’s ability to (1) 
increase small businesses’ access to online data base services; (2) inte- 
grate its technology extension program with existing federal and state 
technical and business assistance resources, including SBA'S Small Busi- 
ness Development Centers; and (3) continue the program after federal 
funding is terminated. In addition, awardees are required to match the 
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federal share of the project’s costs. The Congress made $1.2 million 
available for the pilot technology access program in fiscal year 1991. 

l the technology needs of small manufacturers to improve their competi- 
tiveness and 

. the effectiveness of four federal programs, particularly the MTC pro- 
gram, in addressing these needs. 

To assess small manufacturers’ primary technology needs, we inter- 
viewed representatives of the National Association of Manufacturers; 
National Machine Tool Builders Association; National Society of Profes- 
sional Engineers; National Coalition for Advanced Manufacturing; 
National Association of Management and Technical Assistance Centers; 
Council on Competitiveness; and the National Center for Manufacturing 
Sciences. These professional manufacturing organizations and trade 
associations were recommended to us by NIST officials and by other 
organizations representing manufacturers as being knowledgeable about 
small manufacturers and related technology assistance issues. We also 
discussed small manufacturers’ use of manufacturing technologies with 
(1) officials at NIST and the MTCS, (2) officials at the New York and Ohio 
State technology extension services, and (3) executives of 18 manufac- 
turers that had been assisted by an MTC. In addition, we reviewed the 
prominent reports on manufacturing competitiveness that examined 
small manufacturers’ technological needs for improving productivity 
and product quality and the roles of state and federal agencies in pro- 
viding technical assistance to small manufacturers. (These reports are 
listed in the bibliography at the end of this report.) 

a 

To assess the four technology assistance programs established by the 
Omnibus Trade and Competitiveness Act of 1988 and the SBA 
Reauthorization and Amendments Act of 1990, we (1) interviewed Com- 
merce and SBA officials responsible for managing each program; (2) 
reviewed the legislative history of each program; and (3) reviewed 
agency regulations, financial records and evaluation reports, and other 
documents related to the programs. The MTC program was the only one 
of the four programs to receive fiscal year 1989 funds, enabling NIST in 
January 1989 to award funding to establish the Great Lakes MTC in 
Cleveland, Ohio; the Northeast MTC in Troy, New York; and the South- 
east MTC in Columbia, South Carolina. To assess the effectiveness of the 
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MTC program in addressing the technology needs of small manufacturers, 
we visited each of these MTCS to interview 

l MTC officials; 
. state technology extension officials in Ohio, New York, and South Caro- 

lina to obtain their views about the MTC program and their state’s rela- 
tionship with the MTC; and 

. executives of six randomly selected small manufacturers that the MTC 
had assisted to obtain their views about its effectiveness in addressing 
their needs. 

We also toured the MTCS' facilities and reviewed reports and documents 
detailing their program activities and accomplishments. In addition, we 
visited NIST'S Automated Manufacturing Research Facility (AMRF) in 
Gaithersburg, Maryland, which conducts research in automated manu- 
facturing and serves as a “test bed” for developing and demonstrating 
advanced, state-of-the-art technologies. The MTCS are demonstrating and 
seeking to transfer technologies developed at the AMRF and other federal 
laboratories to small manufacturers. We did not conduct similar audit 
work for the other three federal technical assistance programs because 
they had not received funding for a sufficiently long period to evaluate 
the effectiveness of program results. 

We conducted our review between March 1990 and June 1991 in accor- 
dance with generally accepted government auditing standards. We did 
not independently verify the accuracy of statistical information pro- 
vided by the MTCS or state technology extension services because they 
were not directly related to our review issues. In accordance with SBA'S 
general definition of a small business, this report defines small manufac- 
turers as companies with fewer than 500 employees. 1, 

We discussed the report’s contents with officials in NIST'S Office of Tech- 
nology Services; Commerce’s Office of Technology Commercialization; 
and SBA'S Office of the Associate Deputy Administrator for Finance, 
Investment, and Procurement, who are responsible for the four federal 
programs. These officials agreed with the report’s technical accuracy. 
However, as requested, we did not obtain written agency comments on a 
draft of this report. 
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Chapter 2 

The Primary Technology Need of Most Small 
Manufacturers Is to Adopt Proven 
Automated Technologies 

Although factors contributing to declining U.S. manufacturing competi- 
tiveness are diverse, one key element in restoring a competitive edge is 
to modernize manufacturing operations by adopting automated technol- 
ogies, according to representatives of professional and trade associa- 
tions, officials of state and federal technology assistance programs, and 
several prominent studies on competitiveness. In particular, many small 
manufacturers have not adequately upgraded their old, manually oper- 
ated, manufacturing equipment with automated technologies to improve 
productivity and product quality. 

Theoretically, companies can modernize their manufacturing operations 
by using either (1) proven automated technologies, such as computer- 
aided design and manufacturing systems, that are commercially avail- 
able, or (2) advanced, state-of-the-art technologies, such as computer- 
integrated manufacturing systems, being developed in research labora- 
tories. According to the officials we interviewed and the prominent 
reports on manufacturing competitiveness we reviewed, however, most 
small manufacturers can best improve their productivity and competi- 
tiveness by gradually modernizing their operations with proven technol- 
ogies because they generally have insufficient resources and trained 
personnel to effectively use advanced technologies being developed at 
NIST or other federal laboratories. 

Modernization Is the The decline in U.S. manufacturing productivity and competitiveness has 

Key to Enhanced 
Productivity and 
Product Quality 

been caused by many complex factors, such as inadequate education 
and training for U.S. youths, economic and trade policies, and the cost of 
capital. However, several key studies on U.S. manufacturing competi- 
tiveness state that many manufacturers lost their competitive edge pri- 
marily because they did not keep technological pace with their rivals. 4 
Those that have succeeded generally have incorporated automated 
equipment, processes, and methods to improve their manufacturing pro- 
ductivity and product quality. For example, the Office of Technology 
Assessment’s 1990 report, cited earlier, noted that although manufac- 
turers need to continually modernize their production processes and 
related operations such as parts design and equipment utilization, many, 
particularly smaller firms, tend to retain outdated, manually operated 
equipment. 

A frequently used measure of technological sophistication is the extent 
to which manufacturers have automated operations in such areas as 
product design, engineering, materials handling, and inspection. Techno- 
logical sophistication in small manufacturing firms can vary between a 
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totally manual shop and a totally integrated and automated operation 
with little or no manual intervention. 

Figure 2.1 shows a “technology ladder” that describes the progressive 
technological steps that a manufacturer needs to automate operations. A 
typical small manufacturer starts at the bottom rung of the ladder with 
manually operated equipment. The acquisition of numerically controlled 
and/or computer numerically controlled equipment, which are con- 
trolled by either numerical commands punched on paper or tape or elec- 
tronically through a computer residing in the machine, generally are 
among the first steps taken to improve operations of a totally manual 
shop. Each successive step brings the manufacturer closer to state-of- 
the-art technology which, as shown in figure 2,1, is achieved by 
installing a computer-integrated manufacturing system. This illustration 
does not include many of the technical advancements manufacturers 
may make to improve their productivity and product quality. In prac, 
tice, a complete technology profile would normally involve many addi- 
tional processes and methods to improve manufacturing operations. 
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Figure 2.1: Manufacturing Technology 
Ladder 

Computer-integrated 
manufacturing 

Computer-aided manufacturing 

Computer-aided design 

Computer numerically controlled 
equipment 

Numerically controlled equipment 

Totally manual shop 

Source: Northeast MTC. 

According to representatives of manufacturing professional and trade 
associations, federal and state technology extension officials, and 
studies on manufacturing competitiveness, a typical small manufac- 
turer’s technology profile would show that it is (1) on the lower rungs of 
the technology ladder, (2) technologically behind the times, and (3) slow 
to modernize and adopt new technologies. According to these officials, 
many small manufacturers have not modernized their operations in part 
because they have been profitable in the past and their immediate need 
is to get their next orders out. In addition, company executives may be 
uncomfortable with computer-driven technology and uncertain whether 
a particular machine or process will improve productivity sufficiently to 
justify its cost and have difficulty finding the time or money to assess 
alternatives for improving productivity and product quality. 
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This assessment is supported by a 1988 survey by the U.S. Bureau of 
the Census of 10,526 of 39,556 companies in the fabricated metals, 
industrial machinery and equipment, instruments and related products, 
electronic and electric equipment, and transportation equipment manu- 
facturing sect0rs.l The Census Bureau survey examined the extent to 
which these manufacturers used 17 commercially available automated 
technologies in the areas of design and engineering; fabrication, 
machining, and assembly; automated material handling; automated 
sensor-based inspection and testing; and communication and control. As 
shown in table 2.1,40 percent of the respondents employed numerically 
controlled machines and/or computer numerically controlled machines 
in their operations. However, 25 percent of the respondents reported 
that they did not employ even 1 of the 17 surveyed automated technolo- 
gies in their production processes, while 8 percent of the respondents 
did not identify the extent to which they used the automated technolo- 
gies. While about 94 percent of the manufacturers in the Census Bureau 
survey had at least 20 employees, about two-thirds of all U.S. manufac- 
turers have fewer than 20 employees. These smaller firms are even less 
likely than those surveyed to use automated technologies. 

‘Department of Commerce, Bureau of the Census, Manufacturing Technology 1988 (May 1989). 
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Table 2.1: Surveyed Manufacturers’ Use 
of 17 Proven Automated Technologies Percentage of surveyed 

Automated technologies 
manufacturers using the 

technology 
Numerically controlled/computer numerically controlled 
machines 39.6 

Computer-aided design/computer-aided engineering 36.3 

Programmable controllers 29.3 

Computers used for control on the factory floor 24.8 

Technical data network 16.5 

Computer-aided manufacturina 15.5 

Factory network 14.2 

Intercompany computer network 13.2 

Sensor inspection on final products 10.5 

Flexible manufacturing cells/systems 9.1 

Digital data representation 0.7 

Sensor inspection of incoming or in-process materials 8.0 

Pick and place robots 5.5 

Other robots 3.9 

Materials-working lasers 

Automatic storage and retrieval systems 

Automatic-auided vehicle svstems 

3.3 

1.9 
.a 

Source: U.S. Bureau of the Census. 

Small Manufacturers Manufacturers can modernize their operations by adopting proven, off- 

Generally Need 
Proven Technology 

the-shelf technologies or such advanced, state-of-the-art technologies as 
those being developed at NIST and other federal laboratories. As shown 
in table 2.2, a company developing the blueprint for manufacturing a 
machine part with proven technology typically would (1) use a personal 
computer and commercially available design software to trace the out- 
line and prominent points of the part and (2) interface the computer b 
with numerically controlled equipment to automate manufacturing from 
the computerized descriptions of the parts. In contrast, a company using 
advanced technology would employ computer work stations and more 
sophisticated software. The design system software would allow the 
operator to examine in greater detail and with greater accuracy, the 
actual features (i.e., holes, grooves, and slots) that define the shape of 
the part. This design information would be stored and electronically 
transmitted to the company’s computer-integrated production 
processing operations to manufacture the desired quantities of the part. 
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Table 2.2: Example8 of Proven and 
Advanced Manufacturing Technologies Proven, off -the-shelf technology Advanced, state-of-the-art technology 

Computer-aided design Feature-based design 

Designing parts on a computer using 
coordinate systems of points and lines to 

Designing parts on a computer using 
specified features such as holes, slots, and 

draw blueprints of the parts. grooves to draw blueprints of the parts 

Computer-aided manufacturing Computer-integrated manufacturing - 

Linking numerically controlled equipment Linking by computer several 
(e.g., tools) with computer-aided design manufacturing processes, including parts 
processes to automate parts design, production, inspection, and 
manufacturing from computerized inventory control. 
descriotions of the parts. 

Sources of proven technologies, which typically can be installed with 
few adaptations, include equipment vendors, consultants, and other 
manufacturers. Sources for advanced, state-of-the-art technologies, 
which typically must be further refined before being used on the shop 
floor, include private and federal research laboratories and published 
technical literature. 

The consensus of the officials we interviewed and the competitiveness 
reports we reviewed is that the immediate primary technology need of 
most small manufacturers is for proven-rather than advanced-auto- 
mated technologies. Most small manufacturers generally have insuffi- 
cient resources and trained personnel to effectively use advanced 
technologies. Accordingly, they can best improve their productivity by 
gradually modernizing their operations with proven technologies to 
achieve the appropriate level of automation for their operations. 

At 1987 congressional hearings on the trade bill, the then Deputy Secre- 
tary of Commerce testified that smaller companies need to incrementally 
build up to an integrated manufacturing system by buying automated 6 
equipment in stages. Similarly, the Director of the Technology Manage- 
ment Group, a nonprofit corporation helping small manufacturers learn 
about and adopt advanced manufacturing technologies, testified that (1) 
small firms have difficulty competing, not because new technologies 
need to be developed, but because proven technologies are underutilized 
and (2) industry experts generally agree more technology is currently 
available than manufacturers could use in the next 10 years. 

A senior NET official told us the technologies being developed at NEST'S 
AMRF are of interest to only 3 to 6 percent of small manufacturers. Offi- 
cials from professional and trade associations similarly said that AMRF 
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and other state-of-the-art technologies are not practical for most small 
manufacturers because these manufacturers do not have the resources 
or trained personnel to readily incorporate advanced technologies. In 
addition, advanced technologies generally need to be further developed 
and modified before they can be used. According to these officials, large 
manufacturers can better assume the costs and risks involved in proving 
state-of-the-art technologies while small manufacturers generally need 
proven, off-the-shelf technologies to improve their productivity and the 
quality of their products. For example, a National Society of Profes- 
sional Engineers official said the technology focus for small companies 
should be on continual, incremental progress rather than on laboratory 
solutions that do not match their needs. Similarly, the Vice President for 
Technology of the National Machine Tool Builders Association pointed 
out that small manufacturers primarily need help solving mundane pro- 
cess and product problems. 

All 18 small manufacturers we interviewed either had installed or were 
planning to modernize their operations with such proven equipment as 
numerically controlled machines and computer-aided design equipment. 
Only two of the companies were considering whether to purchase more 
sophisticated technologies to improve their productivity, although 
neither was currently using advanced technology. One company, a plas- 
tics molding manufacturer, was looking for state-of-the-art extrusion, 
forming, and trimming equipment that used robotics. The other com- 
pany, a medical equipment manufacturer, had received some technical 
assistance from a federal laboratory in identifying new processes to 
reduce its fabrication costs. 

Similarly, the consensus of the prominent reports on manufacturing 
competitiveness is that small manufacturers primarily need proven, 
rather than advanced, technologies. These include the following: 

9 A 1990 Economic Policy Institute study found that many small manu- 
facturers have pursued manufacturing strategies more suited to the 
1960s than the 1990s. The study pointed out that proven technologies 
often can provide significant productivity improvements because they 
have been well-tested and are readily procured, operated, and main- 
tained. In contrast, leading edge technologies being developed in 
research laboratories may not be appropriate for small manufacturers 
because they generally are expensive, untested, and too complex. 
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. A 1989 Industrial Technology Institute study asked 1,000 small manu- 
facturers to identify their most critical problems.2 Among the most fre- 
quently identified problems were delivery reliability and speed; machine 
utilization; production costs and bottlenecks; scrap and rework; inspec- 
tion costs; and design, engineering, and materials handling costs. Fur- 
ther, the manufacturers stated that most of their high-priority problems 
could be solved with such proven computer-based technologies as com- 
puter numerically controlled machines and computer-aided design. 

l The previously cited 1989 National Governors’ Association report simi- 
larly found that two of every three small businesses, including both 
manufacturers and nonmanufacturers, wanted access primarily to 
proven technologies. 

21ndustrial Technology Institute, Smaller Manufacturers: Their Targets for Improvement and Their 
Perceptions of New Technology (Nov. 1989). 
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The appropriate federal role in improving U.S. manufacturing produc- 
tivity is to provide incentives to encourage states to start or expand 
technical assistance programs for manufacturers, according to the con- 
sensus of business representatives and federal and state technology 
extension officials we interviewed and reports on manufacturing tech- 
nology assistance we reviewed. Currently, 28 states provide technical 
assistance through 42 programs; however, only 7 states offer direct con- 
sultation through technology extension services, and 3 of these states 
recently substantially reduced funding for such assistance because of 
budget constraints. 

Legislation enacted in the past 3 years established four new federal pro- 
grams offering incentives to states to provide technology assistance par- 
ticularly to small manufacturers. These programs have been only 
somewhat effective in addressing the technological needs of small manu- 
facturers to improve their competitiveness, In particular, while this leg- 
islation emphasized the transfer of advanced technologies being 
developed at federal laboratories, MTCS successfully transferred only 
four laboratory-based technologies during their first 30 months because 
almost all of their clients needed proven, off-the-shelf automated tech- 
nologies. In addition, the four programs, for which a total of $16.3 mil- 
lion was made available in fiscal year 1991, have affected only a 
relatively small percentage of small manufacturers and, by themselves, 
are insufficient to have much effect on improving small manufacturers’ 
overall competitive position. 

Commerce’s Office of Technology Commercialization has established a 
clearinghouse to provide state and local governments information on 
various competitiveness approaches. The clearinghouse, which became 
operational in October 1990, is only beginning to collect and evaluate 
information about the strengths and weaknesses of alternative A 
approaches for improving businesses’ productivity, technology, and 
innovation, which states consider key to its success. The Office of Tech- 
nology Commercialization plans to have the clearinghouse also serve as 
a focal point for partnerships between the federal and state govern- 
ments, which would build on the office’s broader federal technology 
transfer mission. Alternatively, several federal and state officials we 
interviewed suggested transferring the clearinghouse within Commerce 
to NET to improve its effectiveness in evaluating initiatives stimulating 
businesses’ productivity, technology, and innovation, which states con- 
sider key for the clearinghouse’s success. The officials noted that NIST 
has developed technical and management expertise in working with the 
states to assist small manufacturers. 
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Customary Sources of Because small manufacturers typically do not have sufficient expertise 

Manufacturing 
to make informed decisions about upgrading their manufacturing opera- 
tions to improve productivity and product quality, they have relied on 

Technology such outside sources as vendors, consultants, technical colleges, other 
manufacturers, catalogues, and technical literature for technical assis- 
tance. In seeking technical assistance, small manufacturers generally 
want objective advice about needed changes tailored specifically to their 
operations. However, according to the previously cited Economic Policy 
Institute report on manufacturing modernization, technical assistance 
offered by equipment vendors, consultants, or other outsiders (1) fre- 
quently was unavailable, inadequate, inappropriate, or too expensive, or 
(2) tended to be self-serving rather than addressed to a manufacturer’s 
needs. Several small manufacturers we interviewed similarly told us 
that vendors were least helpful in providing objective technical advice 
for upgrading or modernizing operations because they were more con- 
cerned about selling their products than in solving a company’s 
problems. 

I 

State Initiatives to During the past 20 years, state governments have created about 400 

Enhance 
economic development programs to assist businesses. Almost all of these 
programs have emphasized such nontechnical services as business plan 

Manufacturing development, financial analyses, and market surveys to facilitate eco- 

Productivity nomic development and diversification within the state. However, few 
of these programs provide assistance to small manufacturers in modern- 
izing their operations by adopting automated technologies. Preliminary 
results of a study by the National Governors’ Association identified only 
42 such technology assistance programs, including 6 MTCS, in 28 states. 
Funding for these programs, excluding the MTCS, was about $62 million 
in fiscal year 1990. 

4 
NET'S June 1990 report on state and federal technical extension services 
found that only 13 state-supported programs primarily used field agents 
to provide direct consultation to manufacturers about solving routine 
production problems, acquiring new equipment and systems, and mod- 
ernizing operations. (See table 3.1.) These technical extension programs 
accounted for only 4 percent of the $620 million spent in 1988 on busi- 
ness assistance and typically reach less than 2 percent of the nation’s 
small manufacturers each year, Moreover, at least three of the seven 
states supporting technology extension programs scaled back funding 
during the past 2 years in response to budget constraints. Specifically, 
New York reduced funding for its Industrial Technology Extension Ser- 
vice by 21 percent from $1.4 million in fiscal year 1990 to $1.1 million in 
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fiscal year 1991, Michigan terminated its Michigan Modernization Ser- 
vice in February 1991, and Ohio reduced funding for its Ohio Tech- 
nology Transfer Organization by 34 percent from $1 .O million in fiscal 
year 1991 to $1.26 million in fiscal year 1992. These three states are 
among five states awarded MTCS, substantially reducing the combined 
impact of federal and state efforts to improve the competitiveness of 
small manufacturers. 

Table 3.1: State-Supported 
Manufacturing Technology Exteneion 
Programs as of June 1990 

State-based programs 
Georgia Institute of Technology’s Industrial Extension Service 

Maryland’s Technology Extension Service 

Michigan’s industrial Technology Institute 

Michigan Modernization Servicea __- 
New Jersey’s Technology Extension Center Program - 
New York State Industrial Technology Extension Service 

Ohio Technology Transfer Organization 
Pennsylvania Technical Assistance Program 

Pennsylvania’s Industrial Resource Centers Program 

State-supported programs affiliated with federal agenciesb 
Commerce’s Trade Adjustment Assistance Centers Program 

Commerce’s University Centers Program 

National Aeronautics and Space Administration’s Industrial Applications Centers Program 
SBA’s Small Business Develooment Centers Proaram 

aThis program was terminated in February 1991 

bThese programs, which are located in many states, typically involve federal agencies, state and local 
governments, universities, and private industry. Manufacturing technology assistance is one of several 
services that these programs offer. 
Source: NIST. 

The nine state-based manufacturing technology extension programs typ- , 
ically use field agents who visit manufacturing plants to assess existing 
operations and provide technical advice about proven technologies pri- 
marily to remedy immediate production problems or, in some cases, to 
upgrade manufacturing processes. According to the state technology 
extension officials we interviewed, these customized consultation ser- 
vices most effectively help small manufacturers to improve their opera- 
tions and product quality. (App. I provides a brief description of 
technology extension programs in Ohio, New York, and Michigan.) 
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Federal Initiatives to In response to the Omnibus Trade and Competitiveness Act of 1988 and 

Encourage States to 
Assist Small 
Manufacturers 

the SBA Reauthorization and Amendments Act of 1990, Commerce and 
SBA have established four programs offering incentives for states to pro- 
vide technology assistance to small manufacturers. Specifically, NIST has 
established (1) five MTCS by awarding matching funds for up to 6 years 
to nonprofit organizations and (2) a state technology assistance program 
that awarded cooperative agreements to states in August 1990 and Sep- 
tember 1991 to assist their manufacturing technology extension efforts. 
Similarly, the Office of Technology Commercialization has established a 
Clearinghouse for State and Local Initiatives on Productivity, Tech- 
nology, and Innovation. In addition, NIST and SBA have established a pilot 
technology access program by jointly awarding matching fund grants in 
September 1991 to SBA-sponsored Small Business Development Centers 
in six states to facilitate small businesses’ access to public and private 
technology, services, and expertise. In fiscal year 1991, $15.3 million 
was made available for these four programs, which are complementary 
with those operated by various states in providing a range of technical 
services to assist small manufacturers. 

The objective of the MTC program is to provide long-term assistance to 
help manufacturers modernize their operations primarily by adopting 
automated equipment and processes. In comparison, the other three fed- 
eral programs offer incentives for states to improve their short-term 
technology assistance services to address small manufacturers’ imme- 
diate problems. Important principles underlying these programs are 
cost-sharing by state organizations, time-limited federal support, long- 
term commitment by states in working with small manufacturers, and a 
belief that federal laboratories can play a major role in upgrading the 
capabilities of small manufacturers. 

4 

Manufacturing Technology In response to a July 1988 notice in the Federal Register requesting pro- 

Centers posals to establish up to three MTCS, NET received 36 proposals. In Jan- 
uary 1989 NET awarded cooperative agreements to the following 
organizations: 

l Cleveland Advanced Manufacturing Program to establish and operate 
the Great Lakes MTC, located at Cuyahoga Community College, to pro- 
vide assistance to 6,000 small metal fabrication manufacturers located 
in 13 northeast Ohio counties. The Cleveland Advanced Manufacturing 
Program, a state-funded, nonprofit organization with a well-established 
industrial network and support infrastructure, receives financial sup- 
port for the MTC from Ohio’s Thomas Edison Fund. 
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l Rensselaer Polytechnic Institute to establish and operate the Northeast 
MTC in Troy, New York, as a division of its Center for Manufacturing 
Productivity and Technology Transfer. The Northeast MTC'S target clien- 
tele are 10,000 small metalworking manufacturers in New York. It also 
provides assistance to metalworking manufacturers in Massachusetts 
and Maine and may assist firms in New Jersey and Vermont. Rensselaer 
currently is negotiating an agreement with New York for annual funding 
support through the State Science and Technology Program. 

. University of South Carolina to establish and operate the Southeast MTC 
as part of its Engineering Center in Columbia, South Carolina. The 
Southeast MTC'S target clientele are 1,250 fabricated metal parts manu- 
facturers, most of which are relatively unsophisticated and require 
baseline training in manufacturing practices and help in modernizing 
shop floor operations. The Southeast MTC receives financial support 
from South Carolina; it has not charged manufacturers a fee for its 
assistance. 

NIST provided each MTC with $1.5 million when the cooperative agree- 
ment was signed in January 1989 and is providing each MTC an addi- 
tional $3 million per year for its activities in 1990 and 1991. These 
funds have been matched by the MT& nonprofit and state sponsors. As 
indicated in table 3.2, the MTCS during their first 30 months of opera- 
tions contacted 6,198 manufacturers, initiated 1,336 projects, and, 
according to the companies they have assisted, helped save an estimated 
$139 million through improved operations. 
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Table 3.2: The MTCd Actlvltier During Their First 30 Months of Operations, (Jan. 1989 to June 1991) 
Dollars in millions 

Actlvlty ~__- 
Manufacturers contacted 

Great Lake8 MTC Northeast MTC Southeast MTC 
1989 1990 1991’ 1989 1990 1991O 1989 1990 1991a 
1.254 1.601 1.024 249 1.004 758 90 119 99 

Proiects started 151 332 455 18 44 129 40 74 93 
--A------..------ _-~ 
On-site assessments at companies 9 16 18 38 80 156 93 173 184 --~~~ 
Workshops, seminars, and forums sponsored 16 18 12 1 39 54 23 56 35 ----..-- 
Companies usina AMRF demonstration facilitiesb 0 0 22 3 18 22 10 15 18 
..-.-A--.- ” 
Federal technologies transferred -- 
Estimated company savingsC 

1 0 0 1 1 0 0 0 1 

$10 $80 $14 $2 $4 $1 $5 $13 $15 

BFirst 6 months of 1991 

bAMRF demonstration facilities formally opened in May 1991 at the Great Lakes MTC, in November 1990 
at the Northeast MTC, and in April 1991 at the Southeast MTC. 

CEstimates of savings were made by the companies receiving MTC assistance. 
Source: MTCs. 

During its first 30 months, the Great Lakes MTC contacted 3,879 manu- 
facturers in or around the Cleveland metropolitan area and initiated 938 
projects that emphasized the transfer of proven technologies to meet cli- 
ents’ needs. The Great Lakes MTC has (1) performed 43 on-site assess- 
ments of manufacturers’ operations to identify problems and match 
clients to service providers, including the MTC, capable of providing 
appropriate customized technical assistance; (2) conducted 46 tech- 
nology workshops, seminars, and forums; (3) facilitated access of 22 
companies to technologies developed at NIST'S Automated Manufacturing 
Research Facility (AMRF) through demonstration facilities that formally 
opened in May 1991; and (4) sponsored monthly luncheons on manufac- 
turing techniques and applications, which provide opportunities for 
small manufacturers to interact with service providers. It also provided 4 

training on specific technologies through two local community colleges. 
Companies receiving assistance from the Great Lakes MTC estimated that 
they saved $104 million through improved operations. 

During its first 30 months, the Northeast MTC contacted 2,011 manufac- 
turers and initiated 191 projects with individual companies. In partic- 
ular, the Northeast MTC has (1) conducted 274 on-site assessments of 
manufacturers’ operations to identify problems and match clients with 
service providers; (2) conducted 94 workshops, seminars, and forums; 
(3) facilitated access of 43 manufacturers to three AMRF and several 
proven technologies through demonstration facilities that formally 
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opened in November 1990. In addition, the Northeast MTC provided cus- 
tomized manufacturing technology training through seven New York 
State community colleges and is establishing a vendor certification pro- 
gram to qualify small manufacturers as suppliers for large corporations. 
The Northeast MTC has relied on New York State technology extension 
agents to assess potential clients’ technology needs and to refer compa- 
nies that can best be served by its technical assistance programs. Com- 
panies receiving assistance from the Northeast MTC estimated that they 
saved $7 million through improved operations. 

During its first 30 months, the Southeast MTC contacted 308 manufac- 
turers and initiated 207 projects with clients. The Southeast MTC has (1) 
conducted 460 on-site assessments of manufacturers’ operations to iden- 
tify problems and match clients with service providers; (2) conducted 
114 workshops, seminars, and forums; (3) facilitated access of 43 manu- 
facturers to AMRF and proven automated technologies through demon- 
stration facilities that formally opened in April 1991; and (4) entered 
into cooperative agreements with regional organizations to extend its 
services to other southern states. Because South Carolina does not have 
a state technology extension service, the Southeast MTC has used the 
state’s 16 technical colleges to provide workforce training and other out- 
reach services and has established affiliate offices in 3 of the colleges. 
Companies receiving assistance from the Southeast MTC estimated that 
they saved $28 million through improved operations. 

In establishing the MTC program, the Omnibus Trade and Competitive- 
ness Act emphasized the transfer of advanced technologies developed at 
NET'S AMRF and other federal laboratories to small manufacturers. All 
three MTCS initially proposed to transfer federally developed advanced 
technologies to small manufacturers. The MTCS found, however, that 
their clients primarily needed proven technologies. During their first 30 ’ 
months, the three MTCS initiated 1,336 projects emphasizing proven tech- 
nologies, while successfully transferring only four federal laboratory- 
based technologies. According to the firms assisted, the centers have 
helped save $139 million through improved operations. For example, 
although the Northeast MTC initially focused on transferring AMRF and 
other advanced technologies, it successfully transferred AMRF tech- 
nology to only one manufacturer during its first year. As a result, the 
Northeast MTC currently emphasizes proven automated technologies to 
address clients’ needs. 
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Evaluations of the Three MTCs’ In 1990 NET'S visiting committee on advanced technology evaluated the 
programs MTCS' progress in helping small manufacturers become more technologi- 

cally competitive, providing a useful model for industry-government 
cooperation, and becoming self-sufficient when NET'S funding ends after 
6 years. The visiting committee concluded that the MTC program 
deserved continued support based on its promising start, but noted that 
any measurement of the MTC program’s impact should take into account 
its relatively small size and the nation’s large manufacturing competi- 
tiveness prob1em.l Among the recommendations made by the committee 
were that: 

. MTCS focus their project engineering services on smaller geographic 
regions where direct interactions with clients are feasible while serving 
larger regions by providing training courses and workshops, by devel- 
oping and packaging generic technology that can be transferred with 
less personal interaction, and through small business and technology 
transfer networks. 

l MTCS improve the culture as well as the manufacturing operations of 
small companies by applying and teaching the “total quality” concept. 

l NIST establish additional MTCS on the basis of committed state and 
regional financial support as well as technological competence. The com- 
mittee also believed that NIST should give substantial weight to the inte- 
gration of an MTC into an overall economic development plan and broad 
industrial interest. 

NET officials responsible for the MTC program support the requirement 
that federal funding of each MTC be terminated after 6 years. The NIST 

officials also said that MTCS need to provide less assistance to individual 
manufacturers and give greater emphasis to identifying and addressing 
technical problems common to large numbers of manufacturers. In about 
40 percent of its interactions, the Northeast MTC has worked with small 4 
manufacturers in defining needs and identifying appropriate commer- 
cial products by, for example, using a personal computer-based, com- 
puter-aided design system for shop floor operations that enables the 
manufacturer to evaluate vendors’ hardware and software. The NET 

officials mentioned that the MTCS have sought to avoid competition with 
commercial consultants, noting, for example, that the Great Lakes MTC 

raises its fee structure each time a manufacturer comes back. 

lNIST,TheManufacturingTechnologyCentersProgram:A ReporttotheSecretaryof Commerce by 
theVisitingCommitteeonAdvancedTechnology(Oct. 1990). 
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Award of Two Additional MTCs 

In accordance with the Omnibus Trade and Competitiveness Act, NET 
has established an evaluation panel to measure each MTC'S performance 
against the act’s objectives. The evaluation panel is scheduled to issue 
its report by the end of this year. 

In September 1990 Commerce published a final rule in the Federal Reg- 
ister for selecting and establishing two additional MTCS. Several com- 
menters on Commerce’s proposed rule took issue with emphasizing the 
transfer of AMRF technology as a priority of the MTC program, indicating 
that the program should directly address client manufacturers’ need for 
proven technologies. In response, the final rule stated that the legisla- 
tion specifically states that the MTCS' objective is to enhance U.S. manu- 
facturing productivity through the transfer of manufacturing 
technology and techniques developed at NET, but indicated that this 
objective will become less important for the MTCS as they increasingly 
become financially self-sufficient. 

In March 1991 Commerce awarded cooperative agreements to the fol- 
lowing organizations: 

. The Kansas Technology Enterprise Corporation to establish and operate 
the Mid-America MTC in Overland Park, a suburb of Kansas City, Kansas. 
The Mid-America MTC plans to provide quality assurance, computer- 
aided design and manufacturing, electronic data interchange, and pro- 
cess planning technologies to 2,600 Kansas manufacturers of agricul- 
tural equipment, fabricated metal products, and aircraft parts, with 
future expansion into western Missouri, northern Oklahoma, and 
eastern Nebraska. In addition to 29 field agents and technical special- 
ists, the Mid-America MTC plans to use a demonstration vehicle to dis- 
play NIST'S “shop of the 90s” technologies. 

l The Industrial Technology Institute to establish and operate the Mid- l 

west MTC in Ann Arbor, Michigan. The Midwest MTC'S target clientele are 
machine tool, tooling, metal forming, and plastics processing manufac- 
turers in southern Michigan that are key suppliers for the automotive 
and furniture industries. The MTC plans to provide computer integration 
and programmable technologies and other technologies that can help 
upgrade targeted companies’ operations. 

NIST officials stated that the two new MTCS have benefitted considerably 
from the experiences of the first three centers, stating that the new MTCS 
have better (1) surveyed the technology needs of their target popula- 
tions, (2) developed strategies for using their resources for outreach 
programs, and (3) secured sources of state matching funds. According to 
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the NIST officials, the first three MTCS' experiences also show that univer- 
sities may be less suited to be MTC sponsors than other nonprofit organi- 
zations because they have had greater problems with securing matching 
funding and integrating an MTC'S technology extension mission into their 
mission of teaching students and conducting research. 

State Technology 
Assistance Programs 

In response to the Omnibus Trade and Competitiveness Act, NIST has 
provided technical and financial assistance to strengthen states’ manu- 
facturing technology assistance programs primarily through cooperative 
agreement awards. According to a National Governors’ Association offi- 
cial, NIST has developed a good understanding of the operations and 
needs of state and local technical assistance programs through its inter- 
actions with them. 

Table 3.3 shows NIST'S August 1990 cooperative agreement awards 
totaling $910,846 to nine states to (1) demonstrate ways that states can, 
in cooperation with federal agencies, increase the use of federal tech- 
nology by business within their states to improve industrial competitive- 
ness or (2) help companies in their states take advantage of services and 
information offered by NET and the MTCS. These projects were required 
to be completed by September 30, 1991. 
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Table 3.3: NIST Cooperative Agreement 
Award. for Technology Extenrlon State Orant award Technology extension proposal 

Arkansas 

$125,000 

Combine business assistance and technical 
assistance agents to work together with businesses 
seeking federally developed technology. 

Georgia 

65,719 

Demonstrate the benefits of using federal technology 
through such methods as videos, conferences, and 
literature mailings. 

Maryland 

Massachusetts 

49,797 

Michigan 
129,068 

165,089 

Minnesota 
60.000 

Establish a coalition of state and federal technology 
agents, consultants, and industry and university 
technical personnel to investigate the viability of new 
technologies for commercial use. 
Extend Northeast MTC’s services through an existing 
technology transfer network to serve the state’s 
metalworking firms. 
Match companies in key industries needing technical 
assistance with federal technology service providers. 
Promote federal technologies through technical 
workshops focused at hiah-technoloav firms. 

New York 

75.000 

Develop and operate a statewide traveling exhibit 
vehicle to demonstrate federal technologies to small 
manufacturers. 

Pennsylvania 

150,000 

Establish linkages between the state technolo y 
extension 

t 
rogram and nearby Northeast and 8 reat 

Lakes MT offices to transfer federal technologies to 
metalworkina companies. 

Tennessee 

91,172 

Establish a state technology extension program to 
transfer new technologies from nearby federal 
laboratories and the Southeast MTC to durable goods 
manufacturers. 

Total $910.845 

In May 1991 NIST began a second round of grant awards by publishing in 
the Federal Register a notice of availability of $600,000 for proposals to 
develop a plan for a new statewide, coordinated technology extension 
program to enhance the competitiveness of small manufacturers 6 
through the application of science and technology. Specifically, NIST’S 
notice defined a statewide, coordinated extension program as linking the 
capabilities of state technology development and business assistance 
programs to (1) assure the availability of a wide range of business and 
technical specialists; (2) support training as a critical component of tech- 
nology deployment; (3) emphasize client-directed problem solving, 
including assistance in identifying and adapting appropriate technology 
and know-how to individual clients’ needs and markets; (4) recognize 
businesses’ needs for a variety of services; and (6) emphasize the value 
of on-site personal field service in assisting firms. The notice stated that 
grants would be available for up to 1 year and would fund up to 50 
percent of the total budget for a project. NIST received proposals from 33 
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states and in September 1991 awarded matching fund grants of $23,260 
to Arkansas, $78,200 to Florida, $70,003 to Massachusetts, $99,648 to 
Mississippi, $60,000 to Montana, $98,010 to Oklahoma, $82,481 to 
Oregon, and $98,843 to Texas. 

NET also spent about $256,000 during fiscal year 1991 to sponsor nine 
technology transfer workshops and develop networks and bulletin 
boards among state technical assistance organizations. In addition, NIST 
spent about $66,000 on an opportunities for innovation program 
designed to link large manufacturers with potential small manufacturer 
suppliers, using the polymer composites field for its initial effort. 

Clearinghouse for State 
and Local Initiatives 

Commerce spent about $326,000 in fiscal year 1990 and about $300,000 
in fiscal year 1991 for its Office of Technology Commercialization to 
operate the Clearinghouse for State and Local Initiatives on Produc- 
tivity, Technology, and Innovation. The clearinghouse, which became 
operational in October 1990, has (1) developed a data base of 1,450 gov- 
ernment and private programs providing technical and business assis- 
tance, (2) served as a focal point for information about federal and state 
technical assistance programs, and (3) coordinated efforts to better link 
states with federal laboratories. The clearinghouse has also established 
links with other Commerce initiatives designed to improve U.S. competi- 
tiveness and has hired a consultant to assess state and local technical 
assistance initiatives. 

As shown in table 3.4, the clearinghouse responded to 776 requests for 
information during fiscal year 199 1. About 54 percent of these inquiries 
were from businesses and consultants, while state and local govern- 
ments accounted for only 110, or 14 percent, of the 776 inquiries. About 
26 percent of the requests were for information about government and 1, 
private technical assistance and/or technology transfer programs that 
could address a specific need. Clearinghouse officials cited several cases 
in which they provided a business with contacts and telephone numbers 
for state programs offering assistance that the business had not known 
about. 
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Table 3.4: Requertr Received by the 
Clearln9houre for State and Local 
lnltlativer During Flacal Year 1991 

Source 
Federal government 

State or local 
aovernment 

Types of requests 
Calls received Netwow;i;j Technology Other 

Number Percent specific assistancee 
85 11 26 3 56 

110 14 44 11 55 

University or college 110 14 30 7 73 -- 
Regional or national 
organization 

Business 

Consultant 

Foreign sources 

Total 

38 5 18 2 18 - ~__ 
317 41 59 36 222 -.~ 
100 13 18 3 79 --- 
16 2 5 2 9 

776 100 200 64 512 

%cludes requests for information about government and private technical assistance and/or tech- 
nology transfer programs that can address a specific need. 

blncludes requests for information involving the acquisition, use, or operation of a specific manufac- 
turing technology. 

‘Includes requests for general information about the clearinghouse and/or programs provtdrng business 
or technrcal assistance. 
Source: Department of Commerce. 

The Office of Technology Commercialization plans to expand the 
clearinghouse’s role as a focal point for partnerships between federal 
and state governments. This role would build on the office’s responsi- 
bility for coordinating governmentwide policies and programs for the 
transfer of technology developed at federal laboratories to U.S. busi- 
nesses and other organizations. For example, the clearinghouse worked 
with Tennessee, the Department of Energy’s Oak Ridge National Labora- 
tory, the Tennessee Technology University, and the National Center for 
Manufacturing Sciences to establish a technical training program for 
manufacturers in Tennessee and nearby states in July 1991. The b 
clearinghouse also has been involved in negotiating the participation of 
Energy’s Los Alamos National Laboratory and Sandia National Labora- 
tories in a flexible manufacturing center at New Mexico State University 
that is expected to open in January 1992. 

While the clearinghouse has worked to better coordinate federal and 
state efforts to improve U.S. competitiveness, it is only beginning to 
address several of the responsibilities cited by the Omnibus Trade and 
Competitiveness Act associated with collecting, evaluating, and dissemi- 
nating to state and local governments information about initiatives to 
stimulate productivity, technology, and innovation. The importance of 
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these responsibilities was highlighted in a May 1990 report by the Advi- 
sory Commission on Intergovernmental Relations recommending an 
appropriate role for the clearinghouse.2 The commission concluded that 
the clearinghouse should focus its efforts on federal, state, and local 
organizations that assist businesses by (1) identifying organizations that 
provide assistance to program managers and policymakers; (2) fostering 
resource and experience sharing among those who provide information 
and assistance to businesses; and (3) providing an analytical perspective 
on the variety and effectiveness of federal, state, and local initiatives, 
including lessons learned about “what works where.” Specifically, orga- 
nizations providing assistance to businesses were expected to be inter- 
ested in examples or program models to assist in program design, 
methods for refining the operations of programs in place, and suggested 
criteria for measuring program effectiveness. 

Several federal and state officials we interviewed suggested transferring 
the clearinghouse within the Office of the Under Secretary of Commerce 
for Technology to NIST to improve its effectiveness in evaluating the 
strengths and weaknesses of alternative initiatives designed to stimulate 
businesses’ productivity, technology, and innovation, which states con- 
sider key for the clearinghouse’s success. In particular, these officials 
noted that (1) NIST has developed technical and management expertise 
for assessing how best to structure programs to help small manufac- 
turers improve their productivity and (2) locating the clearinghouse in 
NIST would better link it with the MTC, state technology assistance, and 
pilot technology access programs. Office of Technology Commercializa- 
tion officials disagreed with this suggestion, stating that their office is 
better suited for coordinating federal efforts with the states because it 
has policy responsibilities within Commerce while NIST’S focus is on 
research and development. 

Pilot Tech nology Access 
Program 

The SBA Reauthorization and Amendments Act of 1990 directed SBA to 
establish a pilot program for awarding grants, in consultation with NIST 
and the National Technical Information Service, to at most five states to 
increase small businesses’ access to (1) online data base services that 
provide technical and business information and (2) technical experts. 
The Congress made $1.2 million available in fiscal year 199 1 for these 
purposes. 

2Advisory Commission on Intergovernmental Relations, State and Local Initiatives on Productivity, 
Technology, and Innovation: Enhancing a National Resource for International Competitiveness, (May 
1990). 
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In February 1991 SBA and NIST entered into a memorandum of under- 
standing to coordinate their efforts to help small businesses become 
more competitive, productive, and quality conscious through the appli- 
cation of science and technology. In particular, SBA agreed to encourage 
and coordinate the participation of Small Business Development Centers 
in NIST-sponsored technology transfer programs and initiate a special 
focus on technology-based small businesses. Correspondingly, NIST 
agreed to assist SBA by providing technology assistance and helping to 
select and make grants to establish pilot technology programs, which 
will be used within Small Business Development Centers to increase the 
access of small businesses to online data bases and expertise. 

NET, which is implementing the pilot technology access program on 
behalf of and in cooperation with SBA, published a notice of availability 
of funds for pilot technology access programs in the Federal Register in 
June 1991. The notice invited proposals to establish pilot programs in 
five states to provide resident small businesses with improved online 
access to public and private technology, services, and expertise to (1) 
accelerate the transfer of technology and expertise to small businesses 
and (2) improve the productivity and economic competitiveness of these 
small businesses. The solicitation stated that states are expected to pro- 
vide 60 percent of the funding and that at least half of this match is 
required to be in cash from nonfederal sources. 

In response to the Federal Register notice, 23 states submitted pro- 
posals. In September 1991 NIST and SBA announced the award of 
matching fund grants of $200,000 to Small Business Development Cen- 
ters in Missouri, Oregon, Pennsylvania, Texas, and Wisconsin. Mary- 
land’s Small Business Development Center, which is planning a more 
limited program, will receive a $50,400 grant. A 

Small businesses typically lack expertise and resources to independently 
use computerized information systems, according to officials of federal 
and state technology extension services, representatives of manufac- 
turing professional and trade associations, and executives of small man- 
ufacturers we interviewed. These experts told us that small businesses 
can most effectively and efficiently use an online data base if trained 
personnel from an extension service, such as a Small Business Develop- 
ment Center, facilitate their searches for information. 
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Recent Legislative 
Proposals 

manufacturing competitiveness by expanding existing or establishing 
new programs to assist U.S. manufacturers.3 Both bills seek to promote 
U.S. manufacturing leadership by continuing to emphasize the transfer 
of advanced technologies developed at federal laboratories to small 
manufacturers. These bills do not address the primary need of most 
small manufacturers for proven, off-the-shelf technologies to improve 
their competitiveness. 

Among its principal provisions, the “Advanced Manufacturing Tech- 
nology Act of 1991” (S. 1328) would (1) expand federal agencies’ efforts 
to support the development of advanced manufacturing technology, (2) 
establish a national manufacturing extension program to provide assis- 
tance to state and local governments and nonprofit organizations in 
establishing and operating advanced manufacturing technology pro- 
grams, and (3) improve the education and training of U.S. engineers, 
technicians, and workers in modern manufacturing techniques. 

The “Manufacturing Strategy Act of 1991” (S. 1330) would establish 
Commerce as the lead civilian federal agency for working with U.S. 
industry to develop and deploy advanced manufacturing technologies. 
S. 1330 also would require most federal agencies with an annual 
research and development budget of at least $50 million to spend at 
least 5 percent of their research and development budgets in fiscal year 
1993 and in each fiscal year thereafter to support industry-led projects 
to develop critical generic manufacturing and processing technologies. In 
addition, S. 1330 would build on the MTC and state technology assistance 
initiatives in the Omnibus Trade and Competitiveness Act in part by (1) 
authorizing NIST to make financial assistance awards to establish satel- 
lite-manufacturing centers to provide outreach services in collaboration I, 
with an MTC to small manufacturers and (2) expanding the state tech- 
nology assistance initiative into a NIST program that would help states 
improve their planning and coordination of technology extension activi- 
ties and support pilot projects to help small manufacturers improve 
their technical capabilities. 

Conclusions addressing the technological needs of small manufacturers to improve 

31n addition, two bills, the “National Critical Technologies Act of 1991” (S. 1327) and the “Federal 
Technology Strategy Act of 1991” (S. 1329), were introduced to coordinate federal efforts to develop 
and deploy technologies considered critical to national security and economic competitiveness. 
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their productivity and product quality, In particular, the legislation 
establishing the four federal programs and recent legislative proposals 
to improve U.S. competitiveness have emphasized the importance of 
transferring advanced technologies emerging from NIST and other fed- 
eral laboratories to improve the productivity and product quality of 
small manufacturers. However, the MTCS have successfully transferred 
only four advanced federal technologies during their first 30 months 
because almost all of their clients needed proven, off-the-shelf technolo- 
gies. Industry and technology extension officials we interviewed and 
several prominent reports we reviewed similarly have found that most 
small manufacturers can best improve their productivity by gradually 
modernizing their operations with proven technologies. According to 
these sources, many small manufacturers continue to use manually 
operated equipment and most do not have the resources or trained per- 
sonnel to effectively use advanced, laboratory-based technologies. 

In addition, although the four new federal programs are designed to 
offer incentives for states to start or expand technology assistance ser- 
vices, only seven states provide direct consultation to manufacturers 
that experts consider most effective in providing assistance, and three 
of these states recently either terminated or significantly reduced 
funding for their programs because of budget constraints. Further, the 
four federal programs have affected a relatively small percentage of 
small manufacturers; for example, the MTCS have initiated projects with 
less than 1 percent of the approximately 364,000 small manufacturers 
operating in the United States. Accordingly, the federal programs alone 
are insufficient to have much effect on improving small m.anufacturers’ 
overall competitive positions. 

The Office of Technology Commercialization plans to emphasize the 8 
clearinghouse’s role as a federal focal point for coordinating, and pro- 
viding information about, federal and state efforts to improve produc- 
tivity, technology, and innovation. This role builds on the office’s 
federal technology transfer responsibilities. Alternatively, several fed- 
eral and state officials we interviewed suggested transferring the 
clearinghouse within the Office of the Under Secretary of Commerce for 
Technology to NET to improve its effectiveness in evaluating initiatives 
for stimulating businesses’ productivity, technology, and innovation, 
which states consider key for the clearinghouse’s success. The officials 
noted that NIST has developed technical and management expertise in 
working with the states to assist small manufacturers. 
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Matters for 
Congressional 
Consideration 

Because the primary need of most small manufacturers for improving 
their productivity is to adopt proven technologies, the Congress-in 
considering whether to expand existing, or initiate new, federal tech- 
nology assistance programs -may wish to refocus the emphasis of such 
programs from transferring advanced, laboratory-based technologies to 
transferring proven, off-the-shelf technologies. 
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Description of Three State Technology 
Ektension Programs 

Seven states have funded nine manufacturing technology extension pro- 
grams that provide direct consultation to particularly small manufac- 
turers for solving routine production problems, acquiring new 
equipment and systems, and modernizing operations, Three such pro- 
grams are the Ohio Technology Transfer Organization (orro) and the 
New York State Industrial Technology Extension Service (ITFS), which 
we visited during our review of the Great Lakes and Northeast MTCS, 
and the Michigan Modernization Service (MMS). 

Ohio Technology OT?O was established in 1979 to help small Ohio businesses address tech- 

Transfer Organization 
nical problems associated with managing their normal business affairs 
and to help them plan more effectively for the future. Modeled after the 
nation’s agricultural extension service, (JTTO provides business and tech- 
nical assistance through a statewide network of 32 field agents located 
mainly at 2-year technical colleges. The agents work directly with busi- 
nesses to determine their specific needs and then serve as information 
go-betweens, or brokers, that link clients with various government, edu- 
cational, and private resources. As brokers, the agents do not directly 
solve problems or provide continuous, long-term services to individual 
companies, although many companies come back for additional 
assistance. 

In 1989 OTTO received almost 4,100 requests for assistance, including 
contacts by over 800 companies that had multiple requests or that 
requested additional assistance. Only about 32 percent of the requests, 
however, were for technical assistance, and only 35 percent of the pro- 
gram’s clients were manufacturers. OTTO’S field agents contacted about 
3,600 different businesses in 1989. 

4 

New York State In 1990 New York established ITES by consolidating its manufacturing 

Industrial Technology 
extension services into a single, statewide program that provides finan- 
cial, marketing, management, and technical assistance particularly to 

Extension Service small manufacturers with more than 20 employees. This new program 
combined field agent services of two existing programs that used 20 
industrial specialists to work one-on-one with manufacturers in identi- 
fying and correcting a wide array of problems impeding growth, 
reducing productivity, or generally causing companies to become non- 
competitive. New York extension service agents recorded 1,760 client 
contacts and initiated over 500 projects during the l&month period 
ending June 30,199O. 
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Like or’ro, New York’s field agents serve primarily as information bro- 
kers who help manufacturers to identify ways to enhance productivity 
while relying on other organizations to provide the needed business or 
technical services. Typically, ITES agents refer companies to (1) other 
state agencies for financial, marketing, and management assistance and 
(2) private consultants, universities, or the Northeast MTC in Troy, New 
York, for technical assistance, such as installing a computer-aided 
design system. ITES has been the Northeast MTC'S primary outreach agent 
for new client referrals. 

Unlike OTTO, New York’s program specifically targets manufacturers and 
is more selective in the companies it helps, For example, to receive assis- 
tance through ITES, companies must be financially sound and willing to 
make the necessary improvements and changes to solve their problems. 
Only companies that evidence a management/labor commitment to insti- 
tute changes for long-term stability are eligible for assistance. For some 
productivity improvement projects, the participating company must 
provide at least 90 percent of the project costs. 

Michigan Michigan’s Department of Commerce created MMS in 1985 to help 

Modernization SeWiCe 
improve the operations and competitiveness of small manufacturers in 
Michigan. MMS primarily provided customized consulting services to over 
650 manufacturers through technical specialists, who for each client (1) 
observed its operation; (2) assessed its technology, worker training, and 
market analysis needs; and (3) worked to implement corrective actions. 
MMS had established partnerships with several private nonprofit organi- 
zations, including the Industrial Technology Institute, to address the 
technology needs of small manufacturers. MMS, which had fiscal year 
1991 appropriations of $4 million for its activities, was terminated in 4 
February 199 1. 
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