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Preface

In July 1992, at the request of the Director of the Manufacturing
Technology Centers Program of the National Institute of Standards and
Technology (NIST), the Commission on Engineering and Technical Systems'
Manufacturing Studies Board (MSB), in cooperation with the Commission on
Physical Sciences, Mathematics, and Applications' Board on Assessment of
NIST Programs, established a committee to: 1) identify the major barriers to
manufacturing improvement in cost, quality, and timeliness at small and
medium-sized companies in a number of discrete component manufacturing
industries; 2) determine what means are available to overcome those barriers
and which, if any, can be most effectively and efficiently addressed by the
NIST Manufacturing Technology Centers (MTC) program; and 3) determine
how the activities of the MTCs should be focused to address those barriers to
best leverage the resources available.

This charge was developed in the political context in summer 1992. During
the course of the study, the national election resulted in a change of
administration. The Clinton administration has proposed a substantial increase
in federal funding for industrial assistance activities. For this study to be
meaningful in the new political context, the proposed plans by the new
administration were incorporated into the study and the potentially expanded
role of the federal government in providing technical assistance to industry was
subjected to critical analysis.

The Congress directed NIST to create the Manufacturing Technology
Centers program in the Omnibus Trade and Competitiveness Act of 1988 (U.S.
Congress, 1988). The purpose of the program is to speed the transfer of
advanced manufacturing technologies to U.S. industry,
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particularly small and medium-sized manufacturers, by establishing regional
technology transfer centers. Proposals are solicited from qualified institutions
and awards made on a competitive basis.

NIST awarded approximately $1.5 million in matching funds to each of
three nonprofit organizations in 1988: the Cleveland Advanced Manufacturing
Program, the University of South Carolina (later managed by Enterprise
Development, Inc.), and Rensselaer Polytechnic Institute (later transferred to
the New York State Science and Technology Foundation). Two more centers,
the Industrial Technology Institute in Ann Arbor, Michigan, and the Kansas
Technology Enterprise Corporation in Topeka, Kansas, were awarded in 1990.
In 1992 funds for the latest of the seven centers were awarded to Minnesota
Technology, Inc., in Minneapolis/St. Paul and California Community Colleges
in Los Angeles.

The Clinton administration has published plans to raise significantly the
contribution of the federal government in industrial extension efforts, in part by
greatly expanding the MTC program. President Clinton has proposed the
creation of a national network of manufacturing extension centers. Federal
funds, matched by state and local funding, would go to support and build on
existing state, local, and university programs to expand assistance services "to
give all firms access to the technologies, testing facilities, and training programs
they need" (Clinton and Gore, 1993). Initial efforts to implement this national
network have been included in the Technology Reinvestment Project, the
multiagency federal program for defense technology conversion, reinvestment,
and transition assistance (U.S. Department of Defense, 1993).

The committee has taken these plans into consideration in responding to
the NIST request. The committee has assessed barriers and opportunities to
improve manufacturing performance in small and medium-sized firms and has
determined the most effective role for the MTC program. The committee has
also discussed these new plans and initiatives for a national manufacturing
extension network and provides some recommendations in that context.

STUDY METHODOLOGY

The process adopted by the committee in response to the NIST request had
three primary components: 1) discussions with groups of small and mid-size
manufacturing firm managers, owners, and executives during public meetings
and workshops held throughout the United States;
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2) soliciting the testimony of service providers at full committee meetings and
during visits by subcommittees to various assistance facilities; and 3) reviewing
appropriate written materials and background information, academic literature,
and industry publications.

The committee membership visited, as subcommittees of three to five
persons, six of the seven Manufacturing Technology Centers and met with
MTC and other industrial assistance program staffs. They also met with more
than 75 owners, managers, and executives of small and medium-sized
manufacturing companies in eight day-long workshops to discuss the problems
and challenges confronting smaller firms and opportunities for helping them
improve their competitiveness. Although a majority of the owners, managers,
and executives had been involved, to some extent, in state and federally funded
programs, the workshop participants were not invited because of their
experience with the services of local and regional manufacturing assistance
organizations, but rather for their interest and willingness to contribute to the
information gathering efforts of the committee. The workshops were held in
Minnesota, South Carolina, Kansas, Michigan, Ohio, California, Georgia, and
New York between September 1992 and January 1993.

A practical objective of the MTC program is to offer services that facilitate
improved manufacturing performance at small and medium-sized
manufacturers. The underlying assumption is that small and medium-sized
manufacturers would benefit from greater awareness and understanding of
advanced manufacturing technologies and practices. However, there has been
no comprehensive assessment of the existing technological capabilities of small
manufacturers, including the broad variation across companies, or their sources
of information on advanced technology. Similarly, there is little comprehensive
understanding of the sources of competitive advantage and disadvantage of
small and medium-sized manufacturers, so it is difficult to assess the relative
effects of programs designed to upgrade their technological capabilities
compared to alternative assistance mechanisms. The committee has striven to
address these analytical shortcomings by discussing conditions in small and
medium-sized firms with owners and managers and those working to provide
assistance to the firms; surveys and other literature were also used extensively.

The work of the committee led to several conclusions concerning the
modernization needs of small and medium-sized manufacturers and the
circumstances they face, the community of service providers that presently
assist manufacturing companies, and, in particular, the role of the MTC
program. The committee suggests goals for improving the
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overall system of assistance to smaller companies and recommends steps for
increasing the effectiveness of the MTC program in the context of the needs of
small and medium-sized manufacturers, the existing network of public and
private industrial assistance providers, and the Clinton administration's plans to
create a national network of manufacturing extension centers.

REPORT STRUCTURE

The committee's report is divided into five parts. Chapter 1 examines the
importance of manufacturing to the American economy, considers the regional
diversity of small and medium-sized manufacturing companies, and describes
their crucial influence on the global competitiveness of American products. It
also describes the changing requirements for successful manufacturing in the
context of increasing global competition, rapid technological change, and new
forms of intra and intercompany relationships.

In Chapter 2 the committee describes the barriers to improving
manufacturing performance in small and medium-sized companies and
opportunities to help the companies overcome those barriers.

There is a broad spectrum of state, local, and federal government programs
and various kinds of initiatives that have been undertaken to improve American
manufacturing. Within the private sector is a rich source of assistance from
consultants, educational institutions, and local programs. These efforts, and the
resources that have been deployed to help firms improve their performance in
terms of quality, cost, and responsiveness, are summarized in Chapter 3.

The committee was asked to examine the MTC program and evaluate the
degree to which MTCs were meeting the needs of small and medium-sized
companies. The committee did not rate the performance or success of individual
MTCs, but rather looked at them in a programmatic context and evaluated the
alignment of smaller manufacturers' needs and services provided by the MTCs.
A summary of committee observations and conclusions about the effectiveness
of the MTC program is presented in Chapter 4.

Chapter 5 presents the conclusions and recommendations of the committee
majority regarding the barriers and opportunities to improve the cost, quality,
and timeliness of production in small and medium-sized manufacturers, and
appropriate mechanisms and roles for MTCs and other assistance providers. In
order to be relevant to current conditions
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facing NIST, the committee majority had made these recommendations in the
context of plans for an expanded role for the federal government and NIST in
creating a national network of manufacturing extension centers.

Chapter 6 presents the conclusions of two committee members concerning
the inappropriateness of federal funding of organizations to assist manufacturers.
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Executive Summary

Manufacturing firms—large and small—face massive change and
adjustments as they move from a stable, fault-tolerant environment of long
production runs to a volatile world in which production runs are short, product
characteristics are constantly changing, and defect-free on-time production at
decreasing prices is a condition for survival. The necessary changes in the
organization of production include everything from the layout of the shop floor
to the distribution of authority between managers and workers. The magnitude
of these transformations threatens to overwhelm the managerial capacities of
firms regardless of their size.

These dramatic changes in the requirements for successful manufacturing
are happening during a period of steady increase in the number of smaller
industrial firms1 and a trend toward facilities with fewer workers. Smaller
manufacturers play an important role in the competitiveness of American
industry. They comprise the bulk of manufacturing establishments, are integral
parts of the supply chain for both commercial and defense products, and
provide approximately 40 percent of manufacturing employment.

Many of these smaller firms, however, are operating far below their
potential. Their use of modern manufacturing equipment, methodologies, and
management practices is inadequate to ensure that American manufacturing will
be globally competitive.

1 Typically defined as those with fewer than 500 employees.
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This situation has prompted significant public response. State and local
governments have created industrial assistance services, the federal government
has multiple programs aimed at helping small businesses, and there is strong
interest in the Clinton administration in creating a national network of industrial
assistance centers (Clinton and Gore, 1993). Expanding the National Institute of
Standards and Technology (NIST) Manufacturing Technology Centers (MTCs)
program is one mechanism for creating such a national assistance network.
Other possible mechanisms, described in the Advanced Research Project
Agency's recent Technology Reinvestment Project (TRP) information package,
include Advanced Technology Centers at community colleges, industry specific
consortia, and expansion of state-based industrial extension services (U.S.
Department of Defense, 1993). Although the specifics of a national industrial
assistance system have yet to unfold, it is clear that significant resources—the
budget for manufacturing extension programs in the TRP is about $180 million
for fiscal year 1993—are being mobilized to create a national industrial
assistance system.

Given this context—rapid changes in manufacturing, growth in the
numbers of smaller manufacturers, and their apparent lag in modernization effort
—NIST asked the Manufacturing Studies Board to form a committee to
examine the barriers to manufacturing improvement in smaller firms and to
identify the appropriate role of the MTCs in addressing those barriers. As part
of its study efforts, the committee met with nearly one hundred small
manufacturing owners/managers, as well as extension service field agents and
managers from Manufacturing Technology Centers (MTCs), state extension
programs, universities, and trade associations. In addition to discussing barriers
facing smaller manufacturers, both company representatives and assistance
providers discussed opportunities to help firms overcome these barriers and to
improve significantly their production costs, quality, and market responsiveness.

The conclusions and recommendations of the committee are based on a
review of relevant literature and the testimony of experts, practitioners,
assistance agents, private sector service providers, and the many manufacturing
owners and executives that participated in eight workshops held throughout the
United States. The recommendations of the committee reflect the changed
circumstances that have resulted from the emergence in early 1993 of
substantial additional federal funding for industrial assistance activities, as well
as President Clinton's proposals for the creation of a national network of
manufacturing extension centers.
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PROBLEMS AND CHALLENGES FOR SMALLER
MANUFACTURING COMPANIES

Smaller companies confront major problems in responding to increased
global competition. These problems encompass a broad range of issues, only
some of which relate directly to technology. Inadequate resources—people,
money, expertise, information—and insufficient time are reasons that many
smaller firms are not improving their manufacturing performance. The
idiosyncracies that come from the genesis of entrepreneurial companies are also
contributing factors in their resistance to change and slow adoption of more
advanced technologies and new organizational structures.

Five fundamental barriers to manufacturing performance improvement in
smaller firms were identified and discussed during the workshops hosted by the
committee. The barriers are well corroborated in the extensive literature about
conditions in smaller companies. The means for helping firms adequately deal
with the problems include a combination of approaches undertaken by MTCs,
various state assistance programs, and several private sector service providers.
A comprehensive response to most of the barriers will require a combination of
the approaches discussed.

Barrier 1: Disproportionate Impact of Regulation

The regulatory environment creates a disproportionate burden for 
smaller firms. National, state, and local initiatives and decisions concerning
trade, the environment, employment, work place safety, health care, and
liability have a direct impact on the competitiveness of manufacturing
companies. Despite efforts to lessen the impact of regulatory actions on small
businesses, the amount of time and effort required to comply with complex
regulations has become a disproportionate hardship for smaller organizations.
One result is that the economic impact of regulatory compliance is much greater
as a percentage of capital investment than it is for larger businesses.

Opportunities for improving the ability of smaller manufacturers to cope
with regulatory actions include:

•   improved dialogue between regulators and smaller manufacturers; one
means for improving dialogue between regulators and smaller
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businesses would be to provide assistance in identifying and filing
appropriate forms and documents required by regulatory agencies;

•   timely information to manufacturers about new or modified regulations; and
•   reorientation of the strategies of regulatory agencies towards "compliance

assistance" rather than "adversarial and punitive."

Barrier 2: Lack of Awareness

Smaller manufacturers are often unfamiliar with changing technology, 
production techniques, and business management practices. The staff and
senior managers of smaller manufacturing companies must devote most of their
time and energies to managing the day-to-day operations of the firm. As a
consequence those companies are less likely to be aware of the best
manufacturing practices, innovative application of new technologies, and fresh
approaches to improved production efficiency. With less relevant experience
and expertise, their expectations for successfully selecting and effectively
assimilating new technology are not high, and so they are less likely to risk
investment in new ways of doing things or in major changes to the management
structure and relationships within the business.

Opportunities for increasing the awareness of manufacturers to new
technologies and best manufacturing practices include providing:

•   national benchmarking data for smaller firms, and illustrative cases of best
manufacturing practices;

•   greater access to video tape libraries that illustrate technologies and
implementation problems;

•   local and regional forums and workshops;
•   low-cost seminars and formal courses on selection, adoption, and

management of specific technologies; and
•   expanded mechanisms to provide access to equipment for "try before you

buy."

Barrier 3: Isolation

Smaller manufacturers are generally isolated and have too few
opportunities for interaction with other companies in similar situations.
Interaction with other firms is essential to continuous
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improvement. These associations seem to be most productive when they occur
among companies of similar size and with larger organizations that might be
role models for smaller firms. The chance for suppliers to interact with major
customers, to benefit from membership in a supplier improvement program or
keiretsu-like confederation of companies, can significantly increase the chances
for smaller firms to improve their performance.

Opportunities for increasing the interaction and exchange of information
with other manufacturers in like circumstances include:

•   workshops, meetings, site visits, focus groups, forums, and roundtable
discussions;

•   television and video programs to expose manufacturers to specific problems
and the solutions adopted by other firms;

•   construction and operation of networks of companies with similar interests
and needs to share costs;

•   encouraging professional and trade associations to be more active in
determining needs and developing appropriate programs for their
membership; and

•   electronic networks that provide bulletin boards for direct exchange of
information and sharing of approaches to common problems.

Barrier 4: Where to Seek Advice

It is difficult for owners and managers of smaller companies to find 
high-quality, unbiased information, advice, and assistance. When companies
need help with technical problems, when they want to replace production or
design equipment, or when they want to upgrade the skills and talents of their
work force, they are often at a loss for sources of assistance. Searching for help
in the public sector often reveals a confusing uncoordinated array of services—
universities, economic development groups, technical schools, government
agencies—" competing" for clients. Inappropriate choices can waste precious
resources and time, a waste that smaller firms cannot afford.

Opportunities for helping smaller manufacturers acquire necessary
information and unbiased advice include:

•   databases of consultants with relevant references and qualifications, toll-
free numbers to provide firms with a single contact for
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assistance, and electronic bulletin boards to notify service providers of
opportunities in the manufacturing community;

•   field engineers that provide small companies a strategic perspective on how
they compare to competitors and what changes they need to make to remain
competitive in the long term; and

•   interpreters and catalysts to communicate the needs of smaller
manufacturers to vendors, suppliers, academic institutions, federal
laboratories, and government agencies.

Barrier 5: Scarcity of Capital

Operating capital and investment funds for modernization are
difficult for small and medium-sized manufacturing firms to obtain. The
financial community does not readily understand manufacturing and often
perceives loans for new equipment as unattractively high risks. Smaller firms
are unlikely to have the capabilities needed to put together proposals for funds
in the format familiar to lending officers. The consolidation of banks, with some
exceptions, has removed much of the decision making from the communities
where many loan officers have traditionally relied on the "known character" of
management and owners of the companies in lieu of collateral.

Opportunities for improving access to capital and understanding the
requirements of the financial community include:

•   local and regional forums and workshops for bankers, regulators, and others
who work with manufacturers;

•   assistance developing justification for capital improvements in the format
and language understood by the financial community; and

•   creation of mutual loan guarantee networks among peer companies.

SOURCES OF ASSISTANCE

Fortunately, the efforts of many assistance organizations, educational
institutions, and businesses have demonstrated ways to help companies
successfully contend with most of these obstacles. With some regional
variation, assistance is available in both the private and public sectors.

The private sector offers a number of resources that manufacturers can buy
to solve problems, to modernize their production operations, and
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to upgrade the skills of their workers. Among these are consultants, suppliers of
technology, trade associations and professional societies, and other
miscellaneous service providers. The backgrounds and expertise of many
consultants are, however, primarily founded on principles relevant to larger
corporations; they often fail to appreciate subtle but important differences in
smaller organizations. And though many suppliers will provide fairly
substantial "proposal engineering" services while competing for a sale, fewer
are able to follow through with sustained support and service after a sale to a
relatively small customer. There are no precise data available on the number of
smaller companies buying private sector assistance.

Numerous initiatives have been undertaken at the federal, regional, state,
and local levels to help manufacturers and business in general. For the most
part, these initiatives have become overlapping uncoordinated programs, and
the effectiveness of many programs has yet to be systematically evaluated or
demonstrated. The programs typically operate on fragile financial
underpinnings and often compete for funds to support assistance efforts. The
availability of public assistance, which is usually dependent on funding by state
and local government, tends to vary with the perceived contribution of smaller
manufacturing firms to the wellbeing of the local economy, and the best state
programs are unable to help more than a few hundred firms per year.

Until 1989, the federal role in providing assistance to small manufacturers
was primarily through the Small Business Administration and various defense
programs. Beginning in 1989, however, the National Institute of Standards and
Technology (NIST) has funded the Manufacturing Technology Centers
(MTCs), seven of which are now operating. The MTC program is the primary
federal activity in industrial extension providing matching grants for creating
centers to enhance "productivity and technological performance in U.S.
manufacturing through the transfer of manufacturing technology and
techniques . . ." (U.S. Congress, 1988).

EFFECTIVENESS OF MANUFACTURING TECHNOLOGY
CENTERS

To understand the challenges facing smaller manufacturers and to
determine the nature and effectiveness of MTC activities, the committee held
eight workshops throughout the United States, six of them at MTCs. The
conclusions of the committee concerning the effectiveness of the
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organizations are based on workshop discussions with smaller manufacturers
and company representatives who had some experience working with the
Manufacturing Technology Centers, as well as conversations with MTC staff
and other service providers.

A majority of the committee has concluded that the MTCs are well placed
to provide many of the services needed to improve the performance of smaller
manufacturers. However, the committee found that the legislative "sunset
provisions," which eliminate NIST funding after six years, and the present
metrics (cash flow, number of clients, length of engagements, attendance at
manufacturing meetings) tend to adversely dominate the missions, attitudes, and
behaviors of the MTCs that have been operational for two or more years. While
there is an extensive range of services that can be offered by MTCs, the typical
long-term strategies to fill the funding gap and comply with performance
measures place increasing emphasis on fee-for-service activities.

Many of the needs and opportunities identified by the manufacturers
attending the workshops were not project-oriented kinds of assistance but were,
instead, concerned with improving access to information and building stronger
networks among companies, suppliers, technology developers, regulators, and
financiers. These "soft" services were noted repeatedly as some of the most
useful and important contributions that could be made by the MTCs as neutral
parties. Such services, however, are not easily converted into fees, and their
contribution to the accomplishment of the MTC mission is difficult to measure.
All of the MTCs provide these kinds of "soft" services to a greater or lesser
degree, but they should receive more emphasis despite the lack of clear metrics
on which to judge their value. The committee can foresee a situation emerging
in which MTCs fail to provide services that would be most useful and effective
to smaller firms because the fee income is insufficient, while at the same time
competing more with private sector service providers for the business of larger
firms.

Each of the MTCs continues to learn how best to serve its customer base
and is flexible enough to adapt. The local infrastructure and industrial economy
determine to a great degree the characteristics of the MTC organization and its
chosen position in the spectrum of support needed by manufacturers in its
region. This drives each MTC to develop a unique combination of services
targeted at local industrial conditions, and subsequently each evolves a
relatively unique relationship with other providers of services and assistance.
They are learning how to serve as a hub of information and facilitator of
cooperation in their local industrial communities, and how to amalgamate a
range of programs into a core set
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of useful services. Each MTC, therefore, can be viewed as an experiment or
prototype in how to integrate federal efforts in manufacturing assistance with
existing private and public assistance resources to meet the demands of very
diverse local manufacturing communities.

CONCLUSIONS

The investigations and deliberations of the committee have led to the
development of opposing sets of conclusions concerning the appropriateness of
a federally funded national system of manufacturing assistance. The majority
opinion and recommendations are presented followed by the minority opinion.

Majority Opinion

Based on the committee's discussions with smaller manufacturers and with
staff at the MTCs and other industrial assistance programs, a majority of the
committee has concluded that a national industrial assistance system is justified.
The committee majority has concluded that barriers to manufacturing
performance improvement in smaller firms and the opportunities to overcome
those barriers, as described by manufacturers in the committee's workshops,
define roles for public sector assistance programs.

The majority assessment of the current MTCs is that the MTCs are well-
placed to address many of the challenges confronting smaller manufacturers.
Within the fragmented network of assistance sources, the MTCs have begun to
carve a niche that, at least within their geographic regions, has brought some
degree of order to the community and has raised the awareness of smaller
companies that useful help is available. The MTCs are still experimenting with
different mechanisms for marketing, ensuring responsiveness to the local
customer base, working with other sources of assistance, and building the
intercompany networks and information resources that many smaller firms
need. This process of experimentation and learning should be encouraged and
the lessons broadly disseminated. This is the only way to increase effectiveness
in a necessarily diverse environment and to keep expectations realistic as the
MTC program is expanded and other initiatives begin in the context of a
national manufacturing assistance system.
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Minority Opinion

Two members of the committee strongly oppose the concept of federally
funded assistance to manufacturers through organizations such as the NIST
Manufacturing Technology Centers. To a large degree, the disagreement is
ideological. In their opinion, government intervention is more costly and less
efficient than natural market forces. They feel strongly that this report should
not be treated as a blanket endorsement of a national industrial policy. Their
interpretation of the results is to resist the temptation of a national cure-all. The
full text of the majority opinion can be found in Chapter 6, page 95.

RECOMMENDATIONS

The committee majority offers the following recommendations to help
guide the implementation of such a national program.

1. Develop a long-term strategy.
Efforts to create a national system of industrial assistance to improve the

manufacturing performance of smaller companies should recognize the
importance of creating a coherent system and not just increasing the number of
assistance facilities and service providers. A long-term strategy for deploying,
operating, and funding a national system, in the context of changing economic
and political realities, must be developed.

2. Expansion should be governed by "quality, not quantity."
Too rapid expansion of the MTC program or other forms of industrial

assistance programs risks compromising service quality for three reasons: 1)
attempts to anticipate appropriate needs based on present knowledge and
understanding will not be effective, 2) rapid replication of a single uniform
model of an assistance center is inappropriate, and 3) the number of
organizations available and capable of providing high-quality assistance is
relatively small.

Recognizing these constraints, the committee recommends that expansion
of the current MTC program and other federal initiatives should be planned
carefully with the aim of developing a comprehensive
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national industrial extension system within 3 to 5 years, based on a strategy of
"learn as we go."

3. A national system of industrial assistance must strive for balance among
local responsibility, regional coordination, and national direction, support,
and cohesion.
The combination of rapid changes taking place in manufacturing and major

differences across industries and localities calls for a system with centralized
coordination and decentralized, distributed management and control. National
goals and objectives must be tempered by the environment of each locale, and
regional efforts should respond as appropriate for their predominant industrial
sectors, private and public resource base, and real potential for matching funds.
Local and regional programs must have the ability to implement change and to
deliver services in the most effective, efficient way for the demands of their
local customers.

4. Federal financial support should recognize different needs, abilities, and
capacity to apply funds effectively. It should focus on spending modest
amounts wisely, with flexibility in the amount of funds for which an
organization must apply.
Rigid criteria that constrain competitive awards to high, fixed levels often

discourage applications for programs which, appropriately, should be smaller
scale efforts. Funding support should fit the abilities of organizations to use the
money effectively, and awards should be commensurate with the size of the
market for assistance, availability of matching funds, and other resources.

5. Coherent measures and guidelines should be developed for evaluation 
of federal, regional, and local assistance efforts. For programs that are not
performing, remedial action needs to be taken quickly by a local board of
directors.
The set of metrics for evaluating accomplishments of the programs must

be tied to their missions, and the connections between those metrics and goals
must be clear. Evaluation of the services provided to manufacturing clients must
be an integral part of the overall judgement process.

EXECUTIVE SUMMARY 11

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Learning to Change: Opportunities to Improve the Performance of Smaller Manufacturers
http://www.nap.edu/catalog/2239.html

http://www.nap.edu/catalog/2239.html


This evaluation should be administered by a governing or advisory board with
broad membership, particularly local industry participation.

6. A consistent and coherent funding policy, accompanied by appropriate 
metrics for evaluating performance, should be established to assure a
stable assistance environment.
Current MTC funding policies requiring local matching funds and

elimination of federal funding after six years can be counterproductive to the
goals of a national system of industrial assistance. Self-sufficiency of the MTC
organizations, while not competing with the private sector, has a low probability
of success. Consequently, reliance on user fees alone is not an appropriate basis
for supporting necessary assistance activities, and continuing support should be
available to manufacturing assistance programs that meet the performance
criteria for continued funding.

7. Periodic self-examination of all the elements of a national system for
manufacturing assistance is essential to remain flexible and adaptable in
the face of rapid changes in the manufacturing base.
Any assistance system must be able to examine its own effectiveness and

adjust specific objectives as circumstances change. Periodically, the specific
objectives and certainly the metrics for measuring performance need to be
reviewed because the issues that will challenge manufacturers in the future are
not readily discerned from the environment they face today. Whatever kind of
support and performance improvement system is designed must, therefore,
incorporate the means for evolving the services and delivery mechanisms to
accompany the new challenges and conditions that will confront manufacturers.

8. Long-term political support is essential.
An infrastructure to help significantly improve the manufacturing

competitiveness of smaller companies must have consistent support and
visibility in the political process that go beyond partisan politics. Strong
management of the federal effort is essential. The Department of
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Commerce has the appropriate background to understand the issues, formulate a
coherent strategic vision, and attract the necessary resources to accomplish the
national goal of strengthening U.S. manufacturers. The Department of
Commerce should be given responsibility for undertaking the coordination and
rationalization of the broad, and largely disjointed, federal effort now under
way to help American manufacturers improve their performance and global
competitiveness. It is crucial that the resources made available for such
assistance efforts, whether through the MTC and other programs at NIST, other
programs in the Department of Commerce, or programs in the Department of
Defense and other agencies, be applied in an efficient and rational manner to
maximize the benefits to American industry.

Because the MTC program is, and will continue to be, a federal-state
partnership, and because state governments have been leaders in establishing
industrial assistance programs, the need to maintain state political support
cannot be understated. By helping to provide the regional and local input
essential to effective assistance programs, states play a critical role.

SUMMARY

The purpose of publicly provided technical assistance is not to absolve
manufacturers of responsibility for their success. The immediate purpose is to
provide attention to the issues and problems that threaten survival of smaller
manufacturers by helping them manage the set of challenges with which they
are presently confronted. The long-term goals of public support should be to
create an environment in which companies can learn to help themselves and
encourage the growth and development of private sector resources by
identifying needs, defining appropriate services, and strengthening market
efficacy.

Improvements in technology and changes in the firm's internal
organization of work are but elements in overcoming the challenges and
barriers that block or impede the development of globally competitive
manufacturing capabilities in smaller U.S. firms. Innovation within our
manufacturing companies must be understood as inextricably linked to, and
dependent on, macroeconomic initiatives, trade impediments, antitrust
concerns, education and training, energy, regulatory actions, public
infrastructure, cost and availability of capital, and a host of other external
factors and policies that are beyond the immediate control or direction of
individual firms.
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1

Introduction

A strong and globally competitive industrial base is a principal driver of
the American system of commerce and trade, crucial to the growth and
continuing prosperity of the U.S. economy, and a vital component of national
security. For the past 40 years manufacturing has accounted for 20.0 to 22.5
percent of the U.S. gross national product when measured in inflation-adjusted
terms. The manufacturing sector continues to generate four and a half times as
many secondary jobs as the retail sector and almost three times as many
secondary jobs as the personal and business service sector (Baker and Lee,
1992). In 1990, 18.3 million workers were employed in manufacturing,
representing 20.4 percent of the domestic private sector work force (see
Table 1). And despite continuing balance-of-trade deficits, in 1991
manufacturers contributed more than 67 percent of American export earnings,
compared with 26 percent for services and less than 7 percent for agriculture.1
Manufacturing remains important to the American economy.2

1 Based on figures taken from Table No. 1314, U.S. International Transactions, by
Type of Transaction: 1980 to 1991. Export total for goods and services is $561,192
million (U.S. Department of Commerce, 1992d).

2 See recent recommendations for ''. . .actions that will help ensure that the United
States maintains (and builds where necessary) world-class manufacturing industry to
support vigorous economic growth and competitiveness'' (Competitiveness Policy
Council, 1993).
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TABLE 1 Manufacturing in the U.S. Economy. Source: U.S. Department of Labor,
Survey of Current Business, Bureau of Labor Statistics, April 1992.
U.S. GDP in Constant
1982 Dollars

Manufacturing
Contribution to GDP

1989 4,087.6 929.0 22.73%
1980 3,131.7 665.4 21.25%
Manufacturing and Private Sector Non-Agricultural Employment
Total Work Force (millions) 108.4
Federal/state/local (millions) 18.6
Private Sector (millions) 89.8
Manufacturing (millions) 18.3
Manufacturing as Percent of Private Sector 20.38
Manufacturing as Percent of Non-Agricultural 16.88

SIZE DISTRIBUTION OF U.S. MANUFACTURERS

Since the mid-1970s, there has been a steady increase in the number of
small and medium-sized industrial firms, typically defined as those with fewer
than 500 employees (U.S. Small Business Administration, 1992 and
Organization for Economic Cooperation and Development, 1992). The number
of manufacturing establishments in the United States grew from 319,000 in
1980 to nearly 374,000 in 1990.3 More

3 An establishment is a single physical location, such as a plant, at which business is
conducted or where services or industrial operations are performed. It is not necessarily
identical with a company or enterprise, which may consist of one or more
establishments. Manufacturing companies with fewer employees (particularly those with
less than 100 employees) tend to be single establishment enterprises and larger firms
tend to have more than one establishment. This has the effect of increasing the ratio
between small and larger firms (U.S. Department of Commerce, 1992a and U.S. Small
Business Administration, 1992).
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than 98 percent of these establishments are small or medium-sized and they
employ about 40 percent of the total manufacturing work force. Nationwide 90
percent of all manufacturing establishments employ fewer than 100 people4

(U.S. Department of Commerce, 1992a).
While the overall number of manufacturing establishments has been

increasing, the trend towards smaller5 facilities has dominated. During the
period 1980–1990, the number of establishments with 1–4 employees increased
38.8 percent and those with 5–9 employees increased 23.2 percent. In contrast,
the number of establishments with over 250 employees decreased. (See Figure 1
and Table 3 in Appendix A.)

Although smaller companies are not major exporters of manufactured
goods, they nevertheless participate in the export activity of larger American
businesses as vital links in the value-added chain that supplies large
manufacturers. Because they represent as much as 60 percent of final goods
production costs, the components, subassemblies, and parts provided by smaller
firms determine to a significant extent the eventual cost competitiveness and
quality of America's exports (Industrial Technology Institute, 1991).

Figure 1 Percentage change in the number of manufacturing establishments of
different sizes, 1980–1990. Source: U.S. Department of Commerce, 1992a.
various months. See also, Appendix A, page 101.

4 See Appendix A for a series of tables that summarize establishments by state.
5 Throughout the remainder of this report "smaller" means less than 500 employees.

When finer distinctions are necessary, such as "small and medium-sized," they will be
appropriately indicated.
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GEOGRAPHIC DISTRIBUTION OF MANUFACTURING

Manufacturing is found throughout the United States, but there are
important geographic regions of concentration. An analysis by Case Western
Reserve University examined the relationship between the number of high-
density concentrations of manufacturing facilities and the cumulative percent of
facilities. This analysis found that the 12 largest concentrations account for 70
percent of all U.S. manufacturing establishments, and the 20 largest clusters (or
more appropriately, corridors) together account for 87 percent of all such plants
(Fogarty and Lee, 1991).

Furthermore, these clusters of manufacturing establishments tend to have
particular industrial specializations. For instance, 57 percent of automotive
assemblers and suppliers cluster in three different regions: the Great Lakes;
eastern Pennsylvania and New York, Delaware, and New Jersey; and southern
California. Textiles manufacturing also clusters in the broad region around New
York City including eastern Pennsylvania and in southern California, and also
has a big presence in southern Florida. The maps in Figures 2 and 3 show that
these regions do not follow state boundaries; furthermore, a single industry can
have major

Figure 2 The Top Five U.S. Automobile Industry Clusters. The labels for each
region indicate the percentage of total U.S. automobile manufacturing
establishments contained in that cluster. Source: Fogarty and Lee, 1991.
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Figure 3 The Top Ten U.S. Textile Industry Clusters—1990. The labels
represent a ranking of the top ten textile clusters. Source: Fogarty, et al, 1993.

importance in more than one geographic region. These patterns of industry
location suggest the limits of state actions to assist manufacturing
modernization and the potential benefits of a national perspective.

DIVERSITY OF SMALLER MANUFACTURERS

Work force size is a convenient means of categorizing American firms, but
that single measure does not convey the diversity and range of attributes found
in the manufacturing sector. Many contrasting characteristics of manufacturers
influence the ability of firms to help themselves, the kinds of help needed, and
the mechanisms for delivering assistance. The concept of the "typical smaller
manufacturer" holds no relevance because, at a minimum, one must consider
the enormous range of product and market sectors, effects of geographic
location, worker demographics, company maturity (years in business), age of
equipment, and company ownership.

INTRODUCTION 19

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Learning to Change: Opportunities to Improve the Performance of Smaller Manufacturers
http://www.nap.edu/catalog/2239.html

http://www.nap.edu/catalog/2239.html


Product or Market Sector

Obviously the diversity of the markets served by manufacturers is
enormous, as are the characteristics of the products and processes needed to
serve those markets. A few examples will illustrate the range of diversity and its
effects on the competitive strategies and requirements of smaller companies.

The position of a firm in a total production chain affects the demands
placed on it and the help available to meet those demands. For instance, a firm
supplying Honda must meet rigorous requirements for quality, delivery, and
cost, but has access to help through Honda's supplier improvement program. A
firm serving final consumer markets may have less rigorous requirements, but is
on its own in seeking sources of technical, managerial, and financial assistance.

High-technology firms face different capital and skill requirements than
firms in mature industries, but companies making products with greater
technological content often have greater access to capital sources. However,
even in mature industries such as metalworking, the technology and skills
needed to meet increasingly tighter tolerances are becoming more sophisticated
and the useful life of process technology is becoming shorter; these firms often
have a very difficult time finding capital and skills.

Modernization

Several recent studies have determined that smaller manufacturing
companies lag larger firms in modernizing their production equipment,
information systems, and skills (Industrial Technology Institute, 1990; U.S.
General Accounting Office, 1991; U.S. Department of Commerce, 1989; and
Shapira, 1990a). They are less technologically sophisticated, less likely to have
adopted more advanced manufacturing technologies, and less likely to invest in
upgrading the skills and capabilities of their work force.

Significant numbers of firms still follow outdated methods and employ
older equipment and machines despite evidence that more profitable
alternatives exist. For example, there may be opportunities to increase
productivity with computer control of equipment; however, many smaller
companies are unable to justify the investment because it represents a major
share of the firm's net worth. A U.S. Census Bureau survey of manufacturers in
1988 found that of the 17 advanced technologies included in the study,
numerical and computer-numerical control (NC/CNC) was the only technology
in which the usage rate for
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manufacturing plants with 20–99 employees was more than half that of plants
with more than 500 employees (large firms) (U.S. Department of Commerce,
1989). Figure 4 illustrates a comparison of technology adoption levels by firms
according to number of employees per plant or production facility.

Firms associated with the defense industry appear to have overcome these
constraints successfully. In a 1991 comparison of the adoption of programmable
automation machine tools between defense and non-defense manufacturers,
Kelley and Watkins determined that 65.4 percent of the firms in the network of
defense manufacturers have programmable automation while only 49.5 percent
of the non-defense firms had adopted similar technology. The differences are
even more pronounced for smaller firms. For those with fewer than 50
employees the adoption rates for programmable automation tools was 50
percent to 150 percent greater for defense-related manufacturers. It is important
to note that the authors attribute these differences to the strength of the support
network in defense manufacturing, including specific Pentagon programs to
encourage manufacturing investments, the relationships between prime
contractors and their suppliers, and the learning opportunities created by
cooperation among defense contractors, suppliers, and customers (Kelley and
Watkins, 1992).

Company Maturity and Goals

There are broad differences among recently formed companies and those
that may be in their second or third generation of business. The difference in the
goals, objectives, and overall strategy of these organizations was neatly
characterized by Paul Clay, director of the Mid-America Manufacturing
Technology Center (MTC) as "investment versus life-style" companies.
Investment companies tend to be young, more interested in aggressive growth
and expansion, and willing to assume more risk to achieve that growth. They
exhibit a greater willingness to adopt change and increase investment in people
and training as well as new machinery and equipment. On the other hand, life-
style companies view expenditures for new product and process technology as
risking personal wealth rather than investing in growth and expansion of
capabilities and markets. They are more likely to feel that upgrading worker
skills is wasted because the employee is likely to accept a job with another
company. Their decisions tend to be personal: "should I buy my daughter a new
automobile or should I invest in an NC milling machine."
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Figure 4 Adoption of Advanced Technology by Size of Plant or Facility.
Source: U.S. Department of Commerce, 1989.

These differences in attitudes and objectives affect the kinds of assistance
companies are likely to need or accept. For instance, younger companies need
help addressing those aspects of the business that require: 1) access to money
such as financing equipment purchases, 2) access to information such as
regulatory compliance (e.g., environment, employment, health and safety), and
3) access to knowledge such as establishing appropriate general business
management capabilities for long-term growth. Mature firms, in contrast,
usually need help making changes: changes in production equipment and
practices that no longer are competitive, changes in the management structure
and organization of the work place, changes in their relationships with
customers and suppliers, and changes in their capabilities to accommodate
increased demands from customers—for closer tolerances and improved design
capabilities, for example—and increased pressure from competitors in cost,
quality, and timeliness.

Not only are the types of problems often different in younger than in more
mature manufacturers but also the ability to attract the resources needed to cope
with problems can be quite different. For instance, mature companies have less
difficulty raising financing and investment
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capital than young, fast-growing firms (Dennis, 1992). Firm age also affects the
ability to attract qualified people because opportunities for advancement may
not be as apparent and rates of pay may not be as good in mature firms (Dennis,
1992).

Worker Demographics

Ethnic diversity and weaknesses in basic literacy skills—ability to read,
write, and understand basic arithmetic—influence the effectiveness of the
manufacturing work force. In many production facilities, English is, at best, a
second language for much of the work force. It is not at all unusual to encounter
a smaller manufacturing company that is owned by second generation
Americans, has engineers from India, and has a Russian shop floor foreman
directing Spanish and Polish speaking production workers. Insufficient
communication skills lead to misunderstood directions and inability to read
instructions to operate machinery and perform jobs. Some cultural backgrounds
mitigate against new ways of organizing production, assigning responsibility for
work, accepting direction from female supervisors, or suggesting better ways of
accomplishing tasks.

Geographic Characteristics (Urban versus Rural)

Manufacturers in rural areas, in contrast to urban centers, are generally
remote from customers, other suppliers, and sources of information and
assistance for improving manufacturing productivity. They have less
opportunity to interact with other manufacturers and, because there are fewer
chances to develop industrial accounts, vendors and suppliers of advanced
machinery and equipment are less available as conveyors of new manufacturing
knowledge. Smaller manufacturers in rural regions are also more likely to have
problems attracting and keeping qualified and technically skilled employees. In
many instances, however, a small number of manufacturing firms in a county or
region of a state may be major components of the local economic infrastructure.
Their success and growth can contribute enormously to the prosperity of that
region (Shapira, 1990b). The broad U.S. geographic distribution of
manufacturing facilities with less than 500 employees is shown by the map in
Figure 5.

Smaller manufacturers in urban areas have their own set of problems. For
instance, the local work force in urban areas is often more diverse, and urban
tax and regulatory burdens are often much more
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Figure 5 Smaller U.S. Manufacturing Establishments by County: 1987.
Source: U.S. Department of Commerce, 1988.

onerous. Land and utility costs can also be much higher. Although inclose
geographic proximity, these manufacturers do not communicate or cooperate
because owners often commute from the suburbs and do not participate in local
trade associations. This combination of factors can create cost and information
access problems as serious as those faced by rural firms, but the solutions will
be quite different.

GLOBAL COMPETITION: CHALLENGES CONFRONTING
AMERICAN MANUFACTURERS

This diversity of manufacturers greatly affects the operational conditions
and resources available to improve their manufacturing competitiveness.
Manufacturing firms—large and small—face massive change and adjustments
as they move from a stable, fault-tolerant environment of long production runs
to a volatile world in which production runs are short, product characteristics
constantly changing, and defect-free on-time production at decreasing prices is
a condition for survival. The necessary changes in the organization of
production include everything from the layout of the shop floor to the
distribution of
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everything from the layout of the shop floor to the distribution of authority
between managers and workers. The magnitude of these changes threatens to
overwhelm the managerial capacities of firms regardless of their size.

Today advanced manufacturing technology is an international commodity,
available to all.6 Increased customization of products, greater competition for
ever smaller market niches, and shortened product life cycles have significant
consequences for manufacturers. The demand for many different products
designed and produced to unique customer specifications means the
manufacturer must contend with many short production runs. Shortened product
life cycles increase the importance of highly responsive production capabilities.
Investment in design and mistakes incurred in production become higher
percentages of total manufacturing costs as the number of products grows but
their individual production life radically decreases. The quality and speed of the
entire product realization process are thus rapidly becoming more critical
aspects of success for all manufacturers.7

Effective response to such a dynamic environment requires new disciplines
and entirely new ways of thinking about production. It requires a philosophical
revolution in long-held beliefs about relationships, responsibilities, and power.
Companies must look for innovative ways of structuring, managing, and
organizing work that remove historical impediments to organizational
responsiveness. They must change the tenor of the relationships with customers,
suppliers, and employees from adversarial to cooperative. Manufacturers must
begin using cross-functional team approaches to integrate product and process
development activities. They must learn to shift from maximum utilization of
machines and equipment to the concept of maximizing system utilization. They
must learn to evaluate and selectively apply lean production techniques in the
proper circumstances, translate the lessons of single-minute exchange of dies
into the appropriate setup situations encountered in their shops, examine the
basic skills needed—and understand when—to use statistical process control,
and they must recognize the long-term commitment needed to make total
quality management and continuous improvement a part of the organization's
culture.

6 The widespread availability of technologies creates new challenges throughout the
U.S. economy, not only within the manufacturing sector. An in-depth investigation of the
consequences that globalization of technology and its development has for the United
States can be found in the Prospering in a Global Economy series of studies by the
National Academy of Engineering.

7 Recent discussions of the issues confronting American manufacturers have been
presented in studies by the National Academy of Engineering (1988a and 1992a).
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To work properly, these disciplines require a new distribution of
responsibility and decision-making authority in production operations (Shingo,
1989; Stalk and Hout, 1990; Womack, 1990; National Academy of
Engineering, 1992). For example, in bufferless8 manufacturing, errors are
detected immediately by those operating the machines. The amount of work-in-
process between manufacturing steps is not large enough to allow quality or
production mistakes to be overlooked or ignored until large amounts of scrap
product have been generated. However, the machine operators must be
authorized and encouraged to make whatever changes are necessary to prevent
the errors, and, if errors are detected, to make the adjustments necessary to
restore correct production.

Clearly, this approach to work requires a greater synthesis of intellectual
skills, problem-solving talents, and manual labor. The knowledge and
intellectual capabilities of the entire work force must be harnessed (Kenney and
Florida, 1993). This in turn signals a change in educational expectations from
episodic training to continuous learning and knowledge enhancement,
recognizing the importance of continuously upgrading the skills and capabilities
of all members of the manufacturing work force (Tobin, 1993).

In summary, American manufacturers must address three important issues
if they expect to achieve significant improvements in quality, cost, and
timeliness of production: 1) the manner of structuring work and the
relationships among employees, employers, customers, and suppliers; 2)
training and education of the entire work force to create an environment that is
hospitable to change and new ways of working; and 3) selecting technologies
appropriate to the capabilities of the organizational structure and culture of the
company.

RESPONDING TO THE CHALLENGES

The degree of improvement in productivity and the adoption of
competitive manufacturing practices and new technologies vary widely across
American manufacturing firms. An examination of studies conducted over the
last ten years shows that the number of American

8 Bufferless manufacturing is contrasted with traditional methods of maintaining large
amounts of work in process (WIP). Minimizing the amount of partially completed
products between manufacturing process steps insures that quality problems are
immediately visible because defect-ridden products are not stored in WIP. Minimizing
WIP, however, requires that greater attention be paid to maintenance of production
equipment since there are no buffer stocks to sustain downstream processes if a piece of
equipment fails.
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firms utilizing globally competitive manufacturing practices and state-of-the-
market technologies to survive and grow remains much too low.9 Conclusions
reached concerning the widespread adoption of modern technologies and best
practices among smaller companies, in particular, are not very encouraging.

Since the early 1970s the value added per employee among large plants—
those with 500 or more employees—has been growing 50 percent faster than
those with 20–499 workers. A recent survey found that among manufacturers
with 500 or more employees, 93.7 percent reported use of at least one advanced
manufacturing technology, compared with 60.9 percent for those with under
100 employees.10 When durable goods factories with less than 50 employees
were examined, more than 85 percent had not introduced a single
programmable machine tool (Industrial Technology Institute, 1989). In an
unpublished 1989 survey of 150 job shops in and around New York City
conducted by the New York Industrial Technology Assistance Corporation, 70
percent had not even begun to use computers in any aspect of their businesses.

These data suggest that smaller manufacturers face additional constraints
to mustering effective responses to the challenges confronting manufacturers.
First, smaller firms are less likely to have the necessary capabilities—
technological expertise, management skills, financial and marketing strength, or
capital sources—with which to respond effectively. Second, smaller firms face
more risk in attempting technological or organizational change. Because large
companies can access greater resources, they are more likely to survive a
stumble when adopting a new technology or trying a new production process.
They can afford to invest in upgrading worker skills and to investigate new
approaches to organizing production operations. These same issues often
threaten the

9 The importance of manufacturing and the need for commitment to substantial
manufacturing modernization has received serious consideration since the very early
1980s. From 1982–1985 a series of competitiveness studies of major U.S. industries
(automotive, civil aviation, electronics, fibers and textiles, machine tools,
pharmaceuticals, and steel) was conducted by the National Academy of Engineering
(1985). In 1987, Cohen and Zysman published, Manufacturing Matters: The Myth of the 
Post-industrial Economy, challenging the popular opinion that the United States was
moving beyond manufacturing to become a service-based economy. And Hayes and
Wheelwright (1984) defined the changes manufacturers had to make if they were to once
again compete globally in, Restoring Our Competitive Edge.

The present focus on smaller manufacturing organizations is due to relatively recent
recognition of the changing demographics that support globally competitive
manufacturing economies. See for example, Dobyns and Crawford-Mason, 1991 and
Business Week, 1992.

10 The technologies surveyed included several which are not likely to be found in
smaller manufacturing firms because size of facilities (e.g., no justification for guided
vehicles) or inventory management in lean production environments do not use
automatic storage and retrieval systems (U.S. Department of Commerce, 1989).
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solvency and viability of smaller firms if they are not accomplished
successfully. Consequently, smaller firms place great importance on ''doing it
right the first time.'' They may not get a second chance.

A ROLE FOR INDUSTRIAL ASSISTANCE EFFORTS

The large and growing importance of smaller firms in the U.S.
manufacturing sector, coupled with evidence that their response to a rapidly
changing competitive environment is lagging, has prompted growing interest in
providing various forms of assistance to these firms. A wide array of programs
and resources, both public and private, is already available. (These programs are
reviewed in Chapter 3.)

The Clinton administration has published plans to raise significantly the
contribution of the federal government in industrial extension efforts (Clinton
and Gore, 1993). President Clinton has proposed the creation of a national
network of manufacturing extension centers. Federal funds, matched by state
and local funding, would go to support and build on existing state, local, and
university programs to expand assistance services "to give all firms access to
the technologies, testing facilities, and training programs they need" (Clinton
and Gore, 1993).

Initial efforts to implement this national network have been included in the
Technology Reinvestment Project, the multiagency federal program for defense
technology conversion, reinvestment, and transition assistance (U.S.
Department of Defense, 1993). Almost 2800 proposals were received in July
1993, of which 545 were in the area of technology deployment. Technology
deployment proposals were solicited in one of four activities: manufacturing
extension services, extension enabling services, alternative deployment pilot
projects, and technology access services. Additional proposals relevant to
industrial extension were sought for the Defense Dual Use Assistance Extension
Program (U.S. Department of Defense, 1993). Fiscal year 1993 appropriations
for the Manufacturing Extension Programs is $87.4 million; appropriations for
the Defense Dual Use Assistance Extension Program is $90.8 million (U.S.
Department of Defense, 1993). The proposal conditions require cost sharing of
at least 50 percent.

These budgets represent a substantial increase in resources available for
public industrial assistance services. A better understanding of the barriers
facing smaller manufacturers in their efforts to modernize their operations is a
prerequisite for effective use of those resources. Accordingly, the following
chapters examine the barriers, opportunities for assistance providers to help
firms overcome them, and some of the lessons learned by existing programs,
focusing on the MTCs.
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2

Improving Manufacturing Performance in
Smaller Firms

"The competitive pressures are so great, we haven't been able to raise prices
since 1978. We have to emphasize cost reductions and productivity
improvements."1

Smaller companies confront major problems in responding to increased
global competitiveness. These problems encompass a broad range of issues,
only some of which relate directly to technology. They include:

•   disproportionate impact of regulation;
•   lack of awareness and insufficient knowledge of best manufacturing

practices and modern technologies;
•   isolation and insufficient interaction with other manufacturers;
•   where to seek advice and sources of reliable, unbiased information; and
•   scarcity of capital and difficulty acquiring sufficient investment funds.

Inadequate resources—people, money, expertise, information—and
insufficient time are the bases for many of these barriers to increased
manufacturing competitiveness. The idiosyncracies that come from the

1 The quotations interspersed throughout this chapter are taken from the committee's
conversations with owners and managers of smaller manufacturing firms who
participated in the eight workshops hosted by the committee throughout the United
States during the period of this study.
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genesis of entrepreneurial companies are also contributing factors in their
resistance to change and slow adoption of more advanced technologies and new
organizational structures.

Five fundamental barriers to manufacturing performance improvement in
smaller manufacturers were identified and discussed during the eight workshops
hosted by the committee; all are well corroborated in the extensive literature
about conditions in smaller firms. The committee met with nearly one hundred
small manufacturing owners/managers, as well as extension service field agents
and managers from Manufacturing Technology Centers (MTCs), state extension
programs, universities, and trade associations. In addition to discussing barriers
facing smaller manufacturers, both company representatives and assistance
providers discussed opportunities to help firms overcome these barriers and
significantly improve the cost, quality, and market responsiveness of their
manufacturing operations. The following sections describe the ideas raised in
these discussions.

BARRIER 1: DISPROPORTIONATE IMPACT OF
REGULATION

The Barrier

The regulatory environment creates a disproportionate burden for 
smaller firms. National, state, and local initiatives and decisions concerning
trade, the environment, employment, work place safety, health care, and
liability have a direct impact on the competitiveness of manufacturing
companies. For smaller firms, the economic impact of regulatory compliance is
much greater as a percentage of capital investment than it is for larger businesses.

"Compliance with regulations is straining the resources of the company 
[sales of $7–8 million]. . . last year our entire budget for new investment and
new equipment—$500,000—was spent to meet EPA [Environmental Protection
Agency] regulations."

Whereas many large firms spend enormous sums of money for corrective
activities and new equipment to comply with complex regulations, smaller
firms cannot easily afford or justify such investments. First, the alternatives are
limited in many instances because equipment appropriate for their scale of
operations and capital budgets
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is not available. Second, the fixed costs of regulatory compliance can be a
greater burden for smaller firms because they must spread the costs over fewer
units of production than large firms. The result of these circumstances is that the
attention and resources that should be invested in productivity growth and
innovation must instead be directed towards assuring conformance to regulatory
actions and insurance for product faults (Forbes, 1993).

"I believe that there is a need for environmental controls, but we can't read,
understand, or interpret the flood of regulatory paper that comes at us. We
can't plan for it. . . we just can't keep up."

Despite efforts to lessen the impact of regulatory actions for small
businesses,2 the amount of time and effort required to stay abreast of and to
comply with regulations has become a disproportionate hardship for smaller
organizations. A fundamental reason that the regulatory problem is so difficult
for smaller firms is that its sources are so numerous and diverse. When federal,
state, and local jurisdictions are included, the potential permutations and
combinations of regulatory structures are overwhelming. In a survey for the
National Federation of Independent Business, respondents said that regulatory
problems increased in severity more than any other type of problem over the
last five years. The increase in severity varies across states, which indicates that
the federal government is not solely culpable (Dennis, 1992).

The circumstances of smaller manufacturers are further complicated by the
growing impact of health and employment regulatory action by the government
and the largely unknown consequences of major changes in the relationships
among the international trading partners of the United States.3

2 Regulatory Flexibility Act, 1979, Public Law 96-354 [S. 299]; September 19, 1980.
An Act to amend title 5, United States Code, to . . .establish as a principle of regulatory
issuance that agencies shall endeavor [consistent with constraints] to fit regulatory and
informational requirements to the scale of the businesses, organizations, and
governmental jurisdictions subject to regulation. Agencies are required to solicit and
consider flexible regulatory proposals and to explain the rationale for their actions to
assure that such proposals are given serious consideration.

3 Smaller manufacturers are particularly concerned about low-wage competition that is
likely to result from changes in relationships with Mexico as a result of the North
American Free Trade Agreement (NAFTA). For example, see Wall Street Journal,
March 10, 1993 and March 29, 1993.
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"In their eagerness to punish us for relatively innocuous infractions of
OSHA [Occupational Safety and Health Administration] rules, inspectors 
threatened to shut down all of our production operations."

Many companies at the workshops noted that enforcement of regulations is
capricious. There was a general sense that regulations are difficult to track so
firms may be in violation unknowingly. Companies are convinced that
government is intent on detecting violations and fining companies rather than
providing any assistance in achieving compliance in a nonthreatening manner.
Based on their experiences, smaller organizations are skeptical when someone
from the government says, "We're going to help you solve your problem."

"We know that there are some areas of our production operations that are
violating EPA regulations, but we're afraid to call the local office and ask
questions about the regs. We feel that calling them for help just ends up getting
us audited and fined."

Companies have few places to go for affordable advice or help on
interpreting environmental regulations. Fear that inquiries about rules and
means of complying will result in plant visits and subsequent citations causes
many companies to ignore the potential problems.

Opportunities for Resolution or Improvement

Most manufacturers at the workshops agreed that regulations and rules
concerning the environment, the work place, and employment are necessary.
Their concerns, however, are with the overwhelming increase in complexity and
specificity, what they perceive to be capricious enforcement, and the crushing
economic burden they represent for small companies struggling against foreign
competitors that are not subject to equivalent constraints.

Opportunities to improve the circumstances for smaller manufacturers to
contend with regulatory burdens arise primarily through increased awareness of
technological means for meeting compliance standards and better coordination
among companies and regulation promulgating agencies. The following specific
opportunities were identified:
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•   Timely information to manufacturers about new or modified regulations
can help them assess how the regulatory actions will impact their
operations and determine alternative means of complying.

•   Greatly improved dialogue between regulators and smaller manufacturers is
needed to encourage both realistic expectations in the design of new
regulations and a realistic pace of compliance given the constraints facing
smaller manufacturers.

•   Smaller manufacturers could benefit from efforts to articulate clearly the
specific problems and constraints they face in complying with regulations.
Such a clear articulation could be used not only as information in the
regulatory design process, but also in mobilizing university and federal
research resources and equipment developers to create effective
technological responses appropriate for small firms.

•   The strategies of regulatory agencies need to be reoriented towards
"compliance assistance" organizations rather than "adversarial and
punitive" organizations.

•   One means for improving dialogue between regulators and smaller
businesses involves offering assistance in identifying and filing appropriate
forms and documents required by regulatory agencies.

BARRIER 2: LACK OF AWARENESS

The Barrier

Smaller manufacturers are often unfamiliar with changing technology,
production techniques, and business management practices. The staff and senior
managers of smaller manufacturing companies must devote most of their time
and energies to managing the day-to-day operations of the firm. As a
consequence those companies are less likely to be aware of best manufacturing
practices, innovative application of new technologies, and fresh approaches to
improved production efficiency. With less relevant experience and expertise,
their expectations for successfully selecting and effectively assimilating new
technology are not high, and so they are less likely to risk investment in new
ways of doing things or in major changes to the management structure and
relationships within the business.

Companies need to be motivated to improve their performance and seek
assistance. Many companies confront survival-threatening aspects of global
competition before they recognize the seriousness of the performance gap. For
smaller firms this may be too late. Without the
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resources and necessary time to accomplish the needed changes, smaller firms
can simply disappear from the competitive scene.

This situation can be helped to some extent by broader dissemination of
information that explains the competitive challenges confronting manufacturers.
Smaller firms, particularly those that are in the supplier chain for larger
multinational companies, must understand how global competition can affect
their business, even if they do not perceive themselves as exporters or
participating in other than domestic markets. Companies hear about world-class
manufacturing but they have very little concept of how it applies to them or
what it means for them operationally. They need help translating the abstract
language of global competition into best manufacturing practices and state-of-
the-market technology.

"We know we have to change, but we struggle with implementation."

Even when smaller companies recognize the importance of changing, their
circumstances—fewer managerial, technical, financial, and marketing resources
than larger companies—present a daunting environment in which to accomplish
the needed changes. Their scale of operations prohibits development of
customized programs for upgrading the skills and talents of workers.4 The
owners and managers of smaller companies are preoccupied with day-to-day
survival. Insufficient time and expertise cause many of them to disregard long-
term planning or development of a coherent vision for the company.

Smaller organizations are particularly vulnerable because they are forced
to undertake multiple changes and adjustments with little margin for error. They
are faced with assimilating the new tools, disciplines, and philosophy of lean
manufacturing, embracing new ways of delegating responsibilities, and
developing new kinds of collaborative partnerships with customers, suppliers,
and employees; often simultaneously and under pressure from their prime
customers. Although some suppliers receive help in making the necessary
changes from their larger customers, others are struggling on their own. For
many of these companies, innovations are perceived as risking the solvency of
the company, not only because of the financial costs involved but also because
of the resulting disruptions on the shop floor that can interrupt

4 When smaller companies have devoted time and resources to improvement of
worker basic skills, they are generally pleased with the results of their efforts. For case
studies conducted at four smaller manufacturing firms during 1991–1992, see Faison, et
al., 1992.
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production. Consequently, investment in new technologies and other
innovations are delayed and avoided.

"I know I should be more aware of modern technology, but I just don't have
the time to focus on many of the issues in technology that are changing quickly."

Managers' preoccupations with keeping the company alive and fighting
day-to-day problems result in low awareness of new manufacturing
developments and inadequate access to timely market information, technology
availability, and knowledge of best practices for design and manufacture. When
they do decide to adopt new technologies they need help to integrate the
technology quickly and effectively without bringing the rest of the business to a
halt.

"Our biggest work place reorganization problems are with the supervisory 
people rather than the machine operators."

Smaller companies need help changing the manner in which they organize
work, understanding the importance of upgrading the skills of their employees,
and locating the proper means to improve their abilities to function effectively
in a rapidly changing environment. For larger companies, transforming
organization structures, adopting new ways to accomplish tasks with self-
directed teams, and collaborating with customers is so different, so foreign to
their company culture, that entire layers of managers must be removed for the
changes to be accomplished.

Small companies without extensive management often face even greater
difficulties because the decision-making authority has always rested with the
owner. Changing the firm's internal and external organizational relationships
requires the owner to relinquish some authority to his workers and his
customers, which often runs counter to his reasons for owning the business. In
many, many cases, only a major crisis of company survival is sufficient to
motivate change.

"It's impossible to introduce greater worker responsibility or teach modern
problem-solving skills when so many of my employees have insufficient math
and reading skills."

Manufacturers increasingly must deal with workers that have insufficient
reading skills and are unable to perform simple arithmetic. Mastery of reading
and math are increasingly important as workers
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operate computer-controlled machinery and equipment that requires
understanding instruction manuals, entering data, and maintaining statistical
process control information. In numerous parts of the United States the inability
to speak English must first be overcome before the organization can begin to
consider further efforts to upgrade the skills of its employees. However,
managers' commitment to restructure factory operations and to invest in new
equipment that requires greater worker participation is often the major
motivation for workers to improve reading and math skills (Rimington, 1992).

"English is a second language for 60 percent of my production floor 
employees."

The benefit of investments in work force education is not always reflected
only in upgrading work-related skills. Companies find that the investments they
make to develop common communication skills—spoken and written English—
are a necessary foundation for any type of improvement program or successful
change. Financial commitment to training and education is often perceived by
the employees as evidence that the organization is serious about making the
changes and improvements necessary to create a more competitive
manufacturing company, and not another "program of the month" or cost-
cutting measure.

Opportunities for Resolution or Improvement

Despite the difficulties confronting smaller firms, there is evidence that
when they make the commitment to change, the changes take place more
rapidly than large companies and often with much greater success. Therefore,
the problems of gaining access to appropriate information and instilling
appropriate knowledge and skills in managers and workers create many
opportunities for industrial assistance providers of all types to offer education
and information-sharing programs. Key considerations are ease of access and
tailoring for smaller firms' needs because smaller company employees have
limited time for education programs and may not have appropriate expertise to
gain much from programs developed for larger firms. Specific ideas discussed
included:

•   Nationally disseminated materials and programs can increase awareness of
best practice. These would include: 1) benchmarking data for smaller firms
to use in evaluating their performance against
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companies of similar size; 2) timely publication of illustrative cases of best
manufacturing practices on industry, regional, and national bases; and 3)
development of case studies that are directly applicable to the
circumstances of companies with few resources rather than scaled-down
versions of large company "lessons learned." However, major effort is
needed to develop methodologies, foundations, and technologies for
identifying, organizing, and then deploying best practices to smaller
manufacturers.

•   Television programs could address issues particularly relevant to
manufacturers and could reach a large audience. Providing smaller firms
with greater access to video tape libraries that illustrate technologies and
implementation problems is a means of increasing knowledge in the
manufacturing community.

•   Local and regional forums and workshops can introduce and demonstrate
new technology, management methods, and market opportunities.

•   Low-cost seminars and formal courses on selection, adoption, and
management of specific technologies could be made available at times and
places convenient for small firm employees.

•   Mechanisms could be developed to facilitate access to information sources
such as national databases and trade and professional societies.

•   Mechanisms that provide access to equipment for "try before you buy" and
training of workers could be expanded. Some MTCs already do this for
some technologies, such as the computer-aided design (CAD) hardware
and software facility at the Northeast MTC. Another example is the
teaching factory which, among other services, provides companies with
opportunities to use equipment prior to buying it themselves (see Chapter 3).

•   Internship programs could be created for high school and university
students and teachers to work with smaller manufacturers that would be
unable to afford their participation otherwise.

BARRIER 3: ISOLATION

The Barrier

Smaller manufacturers are generally isolated and have too few
opportunities for interaction with other companies in similar situations.
Interaction with other firms is essential to continuous improvement.
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These associations seem to be most productive when they occur among
companies of similar size and with larger organizations that might be role
models for smaller firms. The chance for suppliers to interact with major
customers, to benefit from membership in a supplier improvement program or
keiretsu-like confederation of companies, can provide enormous opportunities
for smaller firms to improve their performance.

A wealth of literature and books on improving manufacturing is available
(Schonberger, 1986, 1987; Shingo, 1983, 1988, 1989; Stalk and Hout, 1990;
Taguchi, 1989; and Womack, 1990). Some exceptional companies have
successfully applied concepts and techniques described in the literature, such as
single minute exchange of dies (SMED), poka yoke (mistake proofing), work
force empowerment, work flow redesign, and improved ergonomics, to cut
costs, boost quality, and raise on-time deliveries.5 But such commitment to
improvement is rare. More typically, employees in smaller firms find much of
the materials are focused on the solutions adopted by larger firms, or the cases
presented may be relevant for other businesses. For many smaller firms the
efforts to adjust the techniques and methods presented in books for practical use
within their plant requires more time and attention than they can afford.

''I've read about SMED and I think I understand the concept of work cells,
but I think that talking to people in other companies that have already gone
through some of these things would help me understand how to make work
place reorganization work in my shop.''

Strikingly, many executives and managers of smaller manufacturing
companies have very little association or exchange with other manufacturers
within the same or similar industry sectors—even when located in the same
community. Therefore, they have insufficient opportunity to trade information
about service providers, new practices, and technologies, or to learn from the
experiences of companies in similar circumstances. They need to see principles
at work in other factories and production settings to better understand
operational aspects of implementation. The unknown risk associated with
change holds them back.

5 United Electric Controls, Inc. in Watertown, Massachusetts is one example of such a
committed company. This manufacturer of instruments, controls, and sensors received
the 1990 Shingo Award for excellence in manufacturing.
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"ISO 90006 is a problem for us because our customers demand certification 
but it doesn't add value to the quality of our products or services."

Customers create pressure on suppliers to decrease costs and improve
quality. They express their desire for suppliers to integrate new technology in
their products and adopt new design and production techniques, such as CAD
and programmable automation. Major customers increasingly expect smaller
firms to take more responsibility for engineering, to participate in development
of new products, and to adopt the same standards and performance measures as
the customer uses in their organization. Smaller firms are generally not in
control of markets or suppliers, and they have little leverage with suppliers and
customers that are often larger and able to dictate terms and conditions.

"Our customers don't understand the impact that JIT (just in time) 
production has on the suppliers. They just tell us 'do it. . .if you want to
continue selling to us.'"

More original equipment manufacturers (OEMs) have come to play an
important role improving the performance of their suppliers and vendors;
however, these large customers may be so engrossed in changing themselves
that they cannot help their smaller suppliers master the required tasks (Business
Week, 1993). They also tend to make contradictory or at least constantly
changing demands as they succumb to the temptation of transferring the costs of
adjustment to their weaker partners (Moody, 1992 and Welch, et al., 1992).

Despite the increase in the number of larger firms with well-designed
programs for improving the performance of their suppliers, the size of the
programs are constrained by the resources which the OEM can justify, so the
number of suppliers that each program is able to help is limited. In fact, one
principle of supplier relations that the larger firms are adopting is a radical
reduction in number of suppliers from whom they purchase materials, parts,
assemblies, and so forth. This further reduces the number of smaller
manufacturers that are likely to obtain help from major customers (Wall Street 
Journal, March 29, 1993b).

6 ISO 9000 is a set of standards created by the International Standards Organization
for certifying the quality of production. ISO 9000 certification is becoming a standard
requirement for companies exporting to the European Community. See Aune and Rao,
1992 and U.S. Department of Commerce, 1992b.
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Opportunities for Resolution or Improvement

The manufacturers attending the workshops repeatedly pointed out to the
committee that providing occasions (and excuses) for firms within the same,
and across radically different, sectors of industry to meet and discuss common
concerns and problems were among the most valuable services that a neutral
party, such as a MTC, could provide. They felt strongly that the chance for
owners and managers to have face-to-face discussions, to exchange information
about new methods and technologies, and to hear first-hand how others handled
similar business crises was invaluable.7 Talking with other executives about
problems in common is the best way to find out "what works, and what
doesn't." Suggested topics included work force training, demographic changes,
regulatory compliance, and access to investment capital; sharing stories about
solutions attempted and approaches that worked; and comparing ways to
respond to so many of the problems facing manufacturers today. For some
companies this kind of interaction is sufficient motivation for them to begin
significantly attacking their competitiveness problems. Many companies are
surprised to learn that they have so many of the same problems and that help is
available.

Even when staff and directors of assistance organizations have business
and manufacturing backgrounds, their experiences and the problems they faced,
in general, are different from what the owners and managers felt they were
confronting today. They appreciated the expertise and experience of the
assistance groups but they felt that the opportunity to speak with people that
shared their same problems and challenges on a daily basis was especially
valuable.

Specific ideas to facilitate more interaction among companies included:
•   Construction and operation of networks of companies with similar interests

and needs can be an effective way to share both costs and experience.
Collective or joint activities among groups of companies can include
worker training, marketing, production in "virtual enterprises," and
cooperative purchasing of health insurance and production materials.
"Sharing" consultants among groups of companies that have

7 Unfortunately, they are less than enthusiastic about paying for such facilitating
services. Therefore the paradox for assistance organizations that must be self-funding.
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similar problems but are not competitors has been demonstrated
successfully.8

•   Workshops, meetings, site visits, focus groups, forums, and roundtable
discussions not only motivate interaction among companies but also can
provide entry to local, regional, and national webs of information.

•   Some programs to help multiple companies can best be provided by
professional societies, trade associations, and other membership
organizations. These organizations should be encouraged to be more active
in determining needs and developing appropriate programs for their
membership.

•   Television and video are means of exposing manufacturers to specific
problems and the solutions adopted by other firms. Particularly as the
technology becomes more readily accessible, video conferences among
owners and managers within a region or industry sector could be arranged
to share experiences and lessons learned.

•   Electronic networks that provide bulletin boards for direct exchange of
information and sharing of approaches to common problems will be
increasingly valuable as the needed technologies penetrate into smaller
companies. Eventually, such networks could be used to organize
cooperative purchases and bid opportunities as an effective means of
creating a "community" among manufacturers.

•   Focus groups that meet on a regular basis to address important sector issues
are valuable to manufacturers. Continuous Improvement User Groups
(CIUGs), organized by the Midwest Manufacturing Technology Center, are
an example. These are groups of companies that hold structured meetings,
facilitated by MTC staff, to share experiences, effective techniques,
training, and information in implementing continuous improvement of
company functions. The CIUGs serve as mutual support systems,
encouraging relationships so companies learn to help each other.

•   An assistance provider could serve as a neutral convener of groups of
suppliers and their major customers (supplier-customer councils) to help
resolve different standards of performance and criteria for vendor
certification.

8 In a study for the Cleveland Advanced Manufacturing Program (Helper, 1992), the
potential for networks was cited as very high, but the authors caution that their success
depends on attention to a number of factors: well-defined plans for establishing the
network, organizational support, the size and number of member firms, building trust
among members, and availability of a champion who can articulate a vision for the
network and who can be responsive to the perceived needs of the members.
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BARRIER 4: WHERE TO SEEK ADVICE

The Barrier

It is difficult for owners and managers of smaller companies to find high-
quality, unbiased information, advice, and assistance. When companies need
help with technical problems, when they want to replace production or design
equipment, or when they want to upgrade the skills and talents of their work
force, they are often at a loss for sources of assistance. Searching for help in the
public sector often reveals a confusing, uncoordinated array of services—
universities, economic development groups, technical schools, government
agencies— "competing" for clients.

"We didn't know where to begin when we started looking for a CAD system.
There are hundreds of different ones out there and the vendors all said theirs
was best."

Today, smaller companies predominately need access to, and assistance in
applying, off-the-shelf and best practice technologies, such as CAD,
numerically controlled machine tools, inventory management, and shop
scheduling. However, the number of vendors and products is overwhelming for
an owner or manager who is unfamiliar with the technology. Inappropriate
choices can waste precious resources and time, a waste that smaller firms
cannot afford.

Vendors are one of the most frequently cited sources for diffusion of
technology and best practices among industrial firms. Smaller firms depend
heavily on the knowledge of vendors for much of the information they receive
about advances in manufacturing practice, but these sources are not always
viewed as unbiased and concerned with the best interests of the customer. It is
easy to be convinced that the solution to a problem is a technology fix. Many
companies could benefit from assistance in understanding that "best practice" is
not always technology based.

"We've tried, unsuccessfully, to find affordable outside experts that can help
us create worker teams and build so-called cross-functional skills."

Consultants with the proper skills and expertise are expensive. Because
their expertise is likely based on work with large businesses, their suggested
solutions may be too costly and inappropriate for smaller
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organizations. It is extremely difficult to justify sales calls on very small
manufacturers. Experts for hire, many educational institutions, and other service
providers in the private sector tend to concentrate on firms that will result in
larger accounts and allow them to amortize their marketing costs more quickly.

"We don't feel like we can get unbiased advice from the university (computer
science) department because they are given equipment and software by major
computer companies."

Sometimes it is difficult for smaller manufacturers to work with
universities because the company may not have staff that is comfortable with
university researchers. A frequently cited reason not to work more with
universities is that the schedules of the university often do not move quickly
enough to satisfy the needs of industry. The training and educational needs of
the small business may not match the services that the colleges and universities
want to provide.

"We want to be sure that (the assistance provider) understands our business
before we start spending money and changing the way we do things. If they
aren't able to convince my people out there on the floor that they know what
they're doing, they're sure not going to convince me."

Smaller manufacturers are often insecure about locating and selecting the
correct assistance and service providers to help them make decisions that will
involve expenditure of funds. They want to develop personal relationships and
see demonstrated credibility of the individual service providers (field agents)
before they are willing to accept their advice.

"We believe that the government labs have some of the technology that
could help us comply with some very tough EPA regulations concerning 
solvent-based paints, but we don't know how to get them to listen to us."

Although there may be fewer opportunities for smaller manufacturers to
apply leading edge or advanced technology from government laboratories or
universities, there are situations where the skills and capabilities of the
laboratories could prove critical to the survival of smaller manufacturing firms.
Smaller firms usually have no research staff who could present their needs in a
manner that would be appreciated by
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the laboratory personnel and they have few mechanisms to demonstrate strongly
the importance of their needs to outside researchers. By the same token, smaller
firms are unable to participate in most government-sponsored consortia but they
would likely benefit from knowledge of research results if they were translated
into implementable efforts.

"Our greatest disappointment has been the unavailability of skilled shop
personnel to operate our equipment when the demand for our products has
increased."

Smaller firms in the same community as major manufacturers have less
influence on the course content at local colleges and local technical schools. If
their needs differ from the larger businesses, they are likely to have difficulty
finding workers with the skills and training they need.

"Our employees need hands-on training, but the cost for in-house education
can't be justified for the few people directly responsible. . . ."

Insuring "technology awareness," increasing understanding of how to
improve product quality, meeting international standards of excellence, and
raising the level of worker talents are difficult issues for smaller firms. Most
recognize the importance of tackling these objectives, but the costs of gathering
the right information, providing appropriate training, and getting certification to
standards such as ISO 9000 are often prohibitive. In many cases, it means hiring
extra people or diverting workers and managers away from production, which is
just not cost justifiable for most smaller manufacturers.

Opportunities for Resolution or Improvement

The nature of the issues that confront manufacturers are more likely than
not to be multifunctional. Situations that are perceived as technology problems
may also require that financial issues, worker training, and other elements be
addressed. For instance, improving production practices by introducing new
machinery and equipment may require transforming the organization of work,
which goes hand-in-glove with changes in management practices. Accordingly,
the services provided by the organization called upon to help the client should
be perceived as an
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integrated system of assistance, if not providing all services, at least able to
direct the client to appropriate help for each assistance need identified.

The assistance and services available to smaller manufacturers often are
not well marketed or coordinated in presentation, including those available from
the private sector. The quality of these resources also tends to vary greatly and
frequently are based on narrow technology fixes and the set of skills and
interests of the assistance organization. Too often they are "hammers looking
for nails." Manufacturing requirements planning (MRP), CAD, computer-
integrated manufacturing (CIM), and statistical process control (SPC) are
examples of technologies that reflect the solutions assistance organizations offer
companies. These companies may not have the need for or the appropriate
capabilities to use these technologies effectively.

During the workshop discussions, it was evident that firms desire a "one-
stop" source of unbiased information and assistance geographically close to the
manufacturing community. A number of services such a one-stop source could
provide were identified:

•   Information on what services, public and private, are available in the
community and how to use them is a clear need. A number of mechanisms
could be developed to help companies connect with high-quality assistance
by knowledgeably linking private and public sector resources with
manufacturing clients. These include maintaining databases of consultants
with relevant references and qualifications, establishing toll-free telephone
numbers to provide a single initial point of contact for firms seeking
assistance, and supporting electronic bulletin boards to notify service
providers of opportunities in the manufacturing community.

•   Field engineers are critical to effective assistance. They provide small
companies with a strategic perspective on how they compare to competitors
and what changes they need to make to remain competitive in the long
term. Among other duties, field engineers 1) help managers define what
they need to do next; 2) scope the work; 3) locate resources; and 4)
coordinate projects and assess success.

•   A reliable, trusted source of market and technology information would
improve smaller manufacturers' confidence in their investment decisions.
There are opportunities to help firms match their needs with the proper
equipment by helping them determine their needs and by providing
information to assess and compare available equipment and services.

IMPROVING MANUFACTURING PERFORMANCE IN SMALLER FIRMS 45

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Learning to Change: Opportunities to Improve the Performance of Smaller Manufacturers
http://www.nap.edu/catalog/2239.html

http://www.nap.edu/catalog/2239.html


•   Smaller firms with limited resources could benefit from project
management services to coordinate and support (but not manage)
contracted services between the manufacturing client and private (or
institutional) sources of assistance.

•   Smaller companies sometimes need specific expertise or technologies that
are not available from private sources. Examples include CAD output
conversion, access to special equipment that very small firms or start-ups
are unable to afford, and very specialized technical questions. Industrial
service providers can address these needs either by providing the needed
service directly or by linking the client company with an appropriate source
of expertise, such as a national laboratory or university.

•   Education and training programs are often available from local vocational
schools and community colleges, consultants, and associations, but smaller
firms may not be aware of what is available or its quality. Examples
include courses on ISO 9000 certification, CAD-CAM integration, and
electronic exchange of business documents and product engineering
specifications. Industrial assistance providers could identify and assess
available programs, spur creation of new courses to satisfy company needs,
and provide courses in cases where no other source is available, perhaps
because of specific technical content.

•   Improved linkages are needed among the various components of the
technology development and user/manufacturing community. A neutral
party such as a public technical assistance provider could act as interpreter
and catalyst, communicating needs of manufacturers to vendors, suppliers,
academic institutions, federal labs, and government agencies.

BARRIER 5: SCARCITY OF CAPITAL

The Barrier

Operating capital and investment funds for modernization are difficult for
small and medium-sized manufacturing firms to obtain. The financial
community does not readily understand manufacturing and often perceives
loans for new equipment as unattractively high risks. Smaller firms are unlikely
to have the capabilities needed to put together proposals for funds in the format
familiar to lending officers. The consolidation of banks, with some exceptions,
has removed much of the decision making from the communities where many
loans have traditionally

IMPROVING MANUFACTURING PERFORMANCE IN SMALLER FIRMS 46

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Learning to Change: Opportunities to Improve the Performance of Smaller Manufacturers
http://www.nap.edu/catalog/2239.html

http://www.nap.edu/catalog/2239.html


relied on the "known character" of management and owners of the companies in
lieu of collateral.

"The trick is to make enough money to pay for new technologies necessary 
to achieve quality required by customers."

The growth in "outsourcing" engineering design and production by large
businesses, which they had previously performed in their own facilities, can
present smaller manufacturing companies with significant growth opportunities.
However, working through the necessary economic justifications for making the
investments in technology and people may be outside the capabilities of the
smaller manufacturer. The companies may not have the planning and
manufacturing know-how to meet such rapidly expanding demands, and they
may have difficulty acquiring sufficient capital to meet their commitments. As
they assume greater responsibility for product engineering, prior vendor and
supplier experience, expertise, and resources may be stretched beyond their
means to meet their expanded supplier roles.

"You can always finance the hardware; the problem is that the bankers and
financiers do not understand the soft costs [e.g., training, programming]
needed to make the technology succeed."

Tightened banking regulations have made banks skittish about investing in
small companies, particularly for technologically advanced production
machinery and equipment (All Street Journal, April 27, 1993). Even when
financing is available for capital equipment, funds to develop the skills and
competencies required to apply and operate such equipment are very difficult to
obtain.

"With the influx of large offshore manufacturers, we're afraid we'll lose the
investment we've made in training [workers] because they'll take the higher
paying jobs with large companies."

The investment in worker training and upgrading skills and talents is seen
by many manufacturers as an extremely risky venture. Other companies,
generally larger businesses, are likely to hire the most highly skilled worker
because they offer better benefits and sometimes higher salaries that smaller
companies are unable to match (Wall Street Journal, April 19, 1993).
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Opportunities for Resolution or Improvement

Although programs exist to help small firms access capital needed for
improvements, they are perceived by the workshop attendees to be insufficient
to meet the needs of smaller manufacturers. Significantly expanding such
programs, however, raises issues regarding which firms should be helped and
which should not, and criteria for choosing. The most efficient market strategy
seems to be one of helping banks to understand better the investment needs of
manufacturers and to recognize the opportunities available to them if they are
willing to devote the time and energy to work with industry. Likewise, smaller
firms need to appreciate the constraints and conservative nature of the banking
community, which lead to the complex and rigorous process they must endure
to acquire funds.

The workshop attendees thought the role of assistance providers in this
area to be one of facilitating better understanding and stronger relationships
between providers and users of capital. Specific ideas included:

•   Educational programs for manufacturers could help build their
understanding of the requirements of financial institutions and help them
develop justification for their capital improvements in the format and
language understood by the financial community. A better understanding of
the particular information needed by lending sources to make funding
decisions could also lead a small manufacturer to new insights regarding
the operation of the company.

•   Educational programs for local financial institutions could strengthen their
understanding of manufacturing technologies, including the whole chain of
hardware, software, training, and maintenance needed for effective
implementation, as well as technology trajectories and competitive trends
in specific industries. Appropriate education could, for example, help
overcome lenders' reluctance to accept advanced manufacturing technology
as collateral due to the perception of a limited resale market for such
equipment. Such programs could also raise lenders' appreciation of the
importance of manufacturing in their communities.

•   Assistance providers could facilitate creation of mutual loan guarantee
networks among peer companies. Programs in some European countries
offer models.
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Other ideas discussed by the workshop participants related to broader
government policy to raise the supply and lower the cost of capital for smaller
manufacturers. Ideas such as the creation of a national fund to make equity
investments in smaller manufacturers were discussed; similar funds to provide
bridge loans and subsidies to encourage upgrading production equipment were
also mentioned.

IMPLICATIONS FOR MANUFACTURING ASSISTANCE

This set of barriers to improved manufacturing performance and the ideas
raised to help firms overcome them are familiar to the many organizations and
companies striving to provide assistance to smaller manufacturers. The efforts
of many assistance organizations, including the MTCs, educational institutions,
and businesses have demonstrated ways to help companies successfully contend
with most of these obstacles. In some cases, the ''solutions'' are prototypes, still
in the embryonic and experimental stages of development. Some, such as
flexible manufacturing networks,9 were first adopted in other countries but have
been shown to be effective means for improving the performance of American
firms as well. Still others have been deployed on only a limited scale and
remain "islands of assistance best practice."

In some assistance organizations a "project orientation" has been the
favored approach for delivering services to client companies. The service
providers answer technical questions, furnish the information needed to solve
problems with production processes, and help select computer systems or train
workers to operate new machinery. The project approach, however, is severely
limited in the number of clients that can be helped, because the assistance is
provided on a one-on-one basis.

There are many opportunities for assistance organizations to leverage their
assistance resources and offer help in ways other than one-on-one contacts. In
fact, some of these may prove to be even better mechanisms for quickly
improving the performance of smaller manufacturers than individually provided
help.

9 Flexible manufacturing networks in the United States are still in the experimental
stages of development and evaluation. It is likely to be several years before their success
is substantively documented. See Piore and Sabel, 1984; Sabel, et al., 1987; Ruxton,
1990; and The Entrepreneurial Economy Review, 1991.
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Other concerns, such as regulatory burdens and access to capital, can be
addressed to only a limited extent by manufacturing assistance organizations.
Effective solutions to these barriers will require participation by government
and regulatory agencies, constituencies that have not historically perceived their
role as contributing to the improved performance of smaller American industrial
firms.
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3

Improving Manufacturing: Sources of
Assistance for Smaller Companies

The previous chapter presented many of the problems facing smaller
manufacturers: maintaining technological parity vis-a-vis competitors, learning
about and adopting new business management principles and practices,
justifying and locating financial support for growth and modernization,
responding to the marketing opportunities and threats presented by the
movement to increased globalization, and understanding an increasingly
complex and expanding base of regulatory actions and constraints. This chapter
describes some of the many institutions, agencies, programs, initiatives, and
organizations that are intended to help manufacturers improve their
performance in the areas of quality, cost, and responsiveness.

With some regional variation, assistance is available in both the private
sector—consultants, equipment suppliers, customers—and in the public sector—
educational institutions, state industrial extension services, and various federal
programs. The availability of public assistance, which is usually dependent on
funding by state and local government, tends to vary with the perceived
contribution of smaller manufacturing firms to the well-being of the local
economy. The best state programs usually help no more than a few hundred
firms per year. There are no precise data available on the number of smaller
companies buying private sector assistance (Clarke and Dobson, 1991). Based
on the committee's discussions with company owners and managers, and a
review of available surveys and other research, the committee is convinced that
many thousands of smaller manufacturers could benefit from outside assistance
to cut costs and improve quality and timeliness.
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PRIVATE SECTOR ASSISTANCE

The private sector offers a number of resources that manufacturers can buy
to solve problems, to modernize their production operations, and to upgrade the
skills of their workers. Among these are consultants, suppliers of technology,
trade associations and professional societies, and other miscellaneous service
providers. While not providing direct assistance, the trade press and industrial
expositions and conferences also serve as important sources of information on
new technology and management techniques.

Consultants

Smaller companies report mixed results in working with consultants. The
backgrounds and expertise of many consultants are primarily founded on
principles relevant to larger corporations; they often fail to appreciate subtle but
important differences in smaller organizations. Although some consultants
specialize in working with smaller firms, a company may have difficulty
locating a consulting source with the right mix of background and expertise.
Executives in smaller firms may also have difficulty defining their problems or
specifying exactly what they expect of a consultant.

Many smaller companies may be reluctant to engage a consultant on a
long-term basis, and those hired for short-term projects may have little or no
follow-up responsibility. Furthermore, a small firm may simply disagree with or
otherwise fail to implement the recommendations of the consultant.

Consultants secure much of their business through "word of mouth"
referrals among clients' peers. But small firms may not have a well enough
developed peer network to find satisfactory consultants in this manner. Some
manufacturing assistance organizations, including the Manufacturing
Technology Centers (MTCs), have developed a cadre of third-party consultants
and are able to help firms identify and select appropriate experts. Associations
and professional societies often provide this kind of help as well, identifying
consultants with appropriate experience and expertise in relatively narrow
segments of industry.

Selective use of consultants is a way for industrial assistance providers to
broaden and extend their services, especially when their budgets or third-party
funding allows them to absorb part of the consultant's fees and expenses that
would be billed to the client. The
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state of New York, for instance, invests several million dollars annually to
provide matching funds to companies to hire consultants.

Vendors and Suppliers of Technology

Technology vendors and suppliers include machine tool builders and
producers of capital equipment, sources of computer hardware and software,
materials and component manufacturers, and so on. Many of these companies
offer relatively extensive applications engineering assistance to their customers.
The suppliers that offer these services, however, are likely to devote more
attention to those companies that represent larger sales accounts.

For example, when presenting the final report on an Air Force project that
developed automation technology for small subcontractors, a senior R&D
engineer with a leading machine tool company frankly admitted that his
company preferred to market the technology to larger original equipment
manufacturers (OEMs). The larger companies, he said, were more likely to
purchase the products, and in greater volume, while the small firms would have
difficulty raising cash to purchase only one or two units, and would generally be
more skeptical of the new technology.

Companies developing and marketing products and processes of interest to
manufacturers obviously have an inherent interest in promoting their own
merchandise and services to the exclusion of those of their competitors. Even
second-tier suppliers, such as dealers and distributors, cannot be expected to
recommend products and services beyond the lines that they handle. Although
many suppliers will provide fairly substantial "proposal engineering" services
while competing for a sale, fewer will follow through with sustained support
and service after a sale to a relatively small customer.

Most leading suppliers of factory management software systems also have
active user groups. These groups constitute special-purpose associations, which
provide opportunities for personal networking and for sharing experiences and
information above and beyond the application of the common software product.

Substantial differences in the availability of supplier services may exist
from one region to another. Manufacturers in Chicago, for example, can
examine many different makes and models of machine tools at dealers,
distributors, and working installations in the immediate
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metropolitan area. A similar company in Arkansas may need to travel hundreds
of miles to look at the same array of equipment.

In general, smaller manufacturers often need help finding the right
equipment and vendors for their operations, as well as help implementing it;
some industrial assistance providers are filling this role in various ways. For
instance, the Great Lakes Manufacturing Technology Center (GLMTC) secures
loans of equipment from suppliers and permits clients to try it at the GLMTC
facility without the pressure of a sales environment. A similar concept is
employed by "teaching factories" in several locations (see page 66).

Supplier Chains

Many smaller manufacturers are suppliers to large manufacturers of
products such as automobiles, aircraft, computers and office equipment,
appliances, machine tools, and other industrial equipment. These final product
assemblers may spend 50 to 80 percent of final product cost on purchased
inputs (Welch, et al., 1992). In such situations, the viability of the small firm
will depend on the nature of its relationships with its large customers and on the
strategies adopted by the large partners. Likewise, the purchaser can come to
depend heavily on the performance of the companies constituting its supplier
chain (Shapira, 1990b).

As members of a supply network, smaller companies feel increasing
pressure to improve significantly the quality of the products they provide, to
shorten radically engineering cycle time, to increase product performance, and
to improve shipment schedules for smaller lot sizes, all while continuing to
reduce prices. In a study of relationships between major customers and smaller
manufacturers, Kelley and Watkins found that close links between supplier
firms and their customers help spur suppliers to adopt more advanced
technology and that the efficiency of the smaller firms increased the more
frequent and intensive their interactions with the technical and managerial staff
of their customers. These interactions appear to augment the limited
engineering and management capabilities of small organizations. A comparison
of smaller firms within such a supplier network to counterparts operating
outside estimated a 15 percent cost advantage for those that were part of the
supplier network (Kelley and Watkins, 1992).

The purchasing groups in many large companies have begun to change the
historically adversarial relationships with suppliers. They now help suppliers
understand their purchasing needs and meet their
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requirements for cost, quality, and delivery. However, the manner in which
these customer-led programs are implemented and the kinds and amount of
assistance provided to suppliers vary broadly. Some limit their involvement
with suppliers to periodic reviews of anticipated production and new product
development plans, seeking input for improvements to products as well as
presenting new opportunities for supplier participation. Others have
comprehensive programs to help vendors and suppliers meet company
mandated quality, delivery, and cost requirements (Moody, 1992). One attribute
that most of the supplier improvement programs have in common is significant
reduction in the number of firms from whom they purchase materials,
components, parts, and subassemblies (Welch, et al., 1992).

Unfortunately, the majority of these customer-led efforts address only the
first-level suppliers and in most instances the assistance provided to suppliers
addresses only the aspects of the business that are directly related to items they
are buying. Other areas of the supplier's business, which might benefit from
interaction with the customer, are unlikely to receive attention. And companies
at the second, third, and fourth level do not, for the most part, receive much
help from their customers. Many niche market producers do not fit into a
supplier chain at all, so have no access to help from large companies.

Professional and Trade Associations

There are over 6,000 professional societies and trade associations in the
United States, not including the many local and regionally based organizations.
Virtually all of these groups are not-for-profit corporations, governed by boards
elected from their membership.

At the national level, most of these organizations have relatively modest
operating budgets and a small paid staff; locally, there is typically no paid staff,
but a rotating cadre of member volunteers who plan and implement local
activities. Revenue streams are typically based on membership dues, meetings
and conference fees, publishing sales, trade shows and expositions, and, in
some cases, grants. Some associations also sponsor programs for group
purchases of insurance and other benefits which return a royalty fee to the
organization.

Professional societies are organizations of individuals in a common
occupational field or with common occupational interests. Members of these
groups may be employed in companies of any size, and services and benefits of
membership are usually aimed at the worker rather than

IMPROVING MANUFACTURING: SOURCES OF ASSISTANCE FOR SMALLER
COMPANIES

55
Ab

ou
t 

th
is

 P
D

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 t
he

 o
rig

in
al

 w
or

k 
ha

s 
be

en
 r

ec
om

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 f
ro

m
 t

he
 o

rig
in

al
 p

ap
er

 b
oo

k,
 n

ot
 f

ro
m

 t
he

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e 
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Learning to Change: Opportunities to Improve the Performance of Smaller Manufacturers
http://www.nap.edu/catalog/2239.html

http://www.nap.edu/catalog/2239.html


their employer. The Society of Manufacturing Engineers (SME) and the
American Society for Quality Control are two large professional societies that
address issues of industrial modernization and competitiveness.

Trade associations are composed of company memberships, although in
practice, especially among associations oriented towards smaller companies,
relations are often confined to one (usually the owner or chief executive) or a
few management personnel in the member firm.

No two associations or societies provide an identical mix of benefits and
services to their members, but there are a number of activities that are common
to many:

•   Meetings and conferences are perhaps the most common denominator of all
membership organizations. Programs for these events usually focus on
management education or technical subjects, but many participants believe
that the greatest benefit of such meetings and conferences is the
opportunity to meet and share experiences with their peers. A high level of
informal networking often arises among participants at these events.

•   Educational programs are offered in a wide range of forms, including
seminars and tutorials, correspondence courses, audio and video cassettes,
books, and informative articles in newsletters and magazines. Some
associations and societies sponsor courses through local chapters in
conjunction with community colleges or other educational institutions.
Some groups offer scholarships to attract talented students to their field of
study. The SME, for example, has been instrumental in gaining recognition
of manufacturing engineering as a distinct engineering discipline at the
university level. The SME and other groups also offer a variety of
professional certification programs.

•   Publishing is another common activity of membership organizations.
Virtually all publish at least a periodical newsletter or magazine. Many
produce directories of members that serve as marketing tools. Some publish
technical manuals or reference materials appropriate to their fields. Some
develop and publish standards, guidelines, or recommendations for
technical practices. Publishing activities of these groups are often closely
linked to related educational activities.

•   Advocacy efforts of one kind or another are often a major function of
associations and societies. These kinds of activities range from public
relations "image" campaigns to active lobbying at both the legislative and
regulatory level. Many membership organizations maintain a Political
Action Committee to contribute to supportive candidates for elected office.
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Advocacy efforts are often the only evidence of membership groups
seen by government officials and bureaucrats. While advocacy is the sole
(or principal) function of some groups (including the highly visible
National Association of Manufacturers), most groups recognize that these
kinds of activities are only one aspect of being the voice of the profession
or industry.

•   Information services are another common benefit of membership groups.
The data for these services are often gathered through membership surveys
concerning wages and salaries, operating costs, safety, sales levels,
technical or business practices, and so on. The Association for
Manufacturing Technology operates a comprehensive information service
for its member companies, staffed by professional research librarians. Even
associations with less formalized information services will usually attempt
to respond to the requests of members for sources of obscure standards or
technical information.

Books and Periodicals

There are innumerable books, newsletters, journals, and other published
materials concerned with changing and improving management structures,
implementing lean production, uncovering foreign manufacturing secrets,
adopting statistical process controls, developing worker teams, and applying
total quality management. These are, in general, a basis for intellectually
understanding the different means of achieving competitiveness. They provide
guidelines for aspects of the problems confronting manufacturers but cannot be
embraced as cookbook solutions to the problems that challenge companies today.

In the abstract, the problems confronting smaller firms may be similar.
Their proper solution, however, requires an awareness and appreciation of the
particular constraints, idiosyncracies, and size of each company, adjusted for
individual company strengths and weaknesses, as well as the particular
characteristics of each industry. Effective application of the world-class
manufacturing principles described in the literature therefore requires a great
deal of intellectual effort and commitment by the managers of the company who
know its situation best.
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PUBLIC SECTOR ASSISTANCE

Numerous initiatives have been undertaken at the federal, regional, state,
and local levels to help manufacturers and business in general. For the most
part, these initiatives have become overlapping uncoordinated programs, and
the effectiveness of many programs has yet to be systematically evaluated or
demonstrated. The programs typically operate on fragile financial
underpinnings and often compete for funds to support assistance efforts. At
times the manufacturing community can see only a crazy quilt of disconnected
services that appear to be more reflective of the expertise and interests of the
organizations offering the assistance than of the client demand from the private
sector.

State and Local Initiatives

City and county economic development councils, with certain exceptions,
have given less attention to retaining and increasing the success of firms already
in the community than to recruiting new companies or new plants to the city or
locale. Most states also have extensive efforts to increase the international
competitiveness of businesses in their region and to attract new economic
development. Many have gone so far as to open trade offices in other countries
to lobby foreign firms that may be interested in establishing new facilities in the
United States and to increase the amount of exports from firms within their state.

By most measures state governments have made the greatest efforts to help
manufacturers become more productive and competitive. With varying success,
nearly all of the industrial states have launched programs that offer business
practices and technical assistance to local firms. The majority of these efforts
draw substantially on university science and engineering faculty to support
technology transfer programs modeled after the Cooperative Extension Service
supported by the agriculture community for the last 70 years. Others are
designed to capitalize on the state's vocational-technical system and community
colleges.

A study of the state-funded technology assistance programs by the
National Governors' Association identified 42 programs in 28 states (as of
1991) with total funding for fiscal 1991 of $83 million. About half of the
programs are administered by universities or community colleges, and the other
half by state agencies, quasi-public organizations, or
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private nonprofit organizations. The staffs of these organizations tend to be
small: the majority have ten or fewer professional staff who are generally
technically educated with business experience. The 42 programs served a total
of 17,500 clients in 1990. These organizations may provide technical assistance
to all types of businesses, but the majority of their clients are manufacturing
firms (Clarke and Dobson, 1991).

State programs deliver services in a variety of ways. Most provide
technical information in response to specific questions, problems, and requests
from manufacturers. Some programs are supported by field agents that visit
firms and deliver one-on-one assistance. The most frequently provided support
is to improve a process or to solve a problem through use of an existing
technology. The programs also help companies identify and select vendors and
in some cases help write work specifications for the tasks to be accomplished
(Shapira, 1990b). Some go so far as to manage projects for smaller firms that do
not have the inhouse expertise.

The programs also try to help firms maintain an awareness of recent
technology developments, such as new software and computers or production
machinery. They publish newsletters, host workshops, and conduct a wide
variety of classroom courses on productivity and quality improvements.
Machine tools and computer equipment are sometimes available for
demonstrating new production methods and to train workers. Several state
programs are discussed in more detail in Appendix B.

Universities

Universities offer a particularly rich source of technical and business
practices assistance. Faculty and other members of the university staff are
frequently available as consultants and contractors to private industry. When
involved in state-sponsored technical assistance programs, faculty are more
likely to focus on issues of advanced technologies in contrast to applying off-
the-shelf, state-of-the-market technology, although the same is not true for
engineering extension specialists. In addition, some university-based assistance
efforts use engineering students as field agents, or assistants to field agents,
working directly with local firms. These programs have found that, given
proper training, students are an effective, affordable resource to assist both
public and private service providers.
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Assistance from universities, however, is sometimes criticized for being
geared more to the academic calendar and academic interests than to the needs
of business clients. Faculty tend to focus on quite narrow aspects of particular
disciplines and technologies, and to be intent on using summers to conduct
research rather than to teach courses for local businessmen. Their orientation or
approach to problems is often a scientific investigation with no sense of urgency
and no immediate applications. A small business with a pressing problem that
may be blocking achievement of quality levels or production goals does not
want to hear that the issue cannot be addressed ''until the next semester.'' Other
criticisms relate to faculty and students who lack a general understanding of
real-world business concerns, especially issues facing smaller manufacturers.
Some European engineering schools address this shortcoming by requiring
professors to take periodic sabbaticals for relevant experience in industry in
order to maintain their credentials.

Technical Schools, Community Colleges, Apprenticeship
Programs

Two-year colleges have become a major source of job training and
education for American manufacturing companies. In addition to day and
evening degree programs, these institutions typically offer a comprehensive
array of short courses geared to the needs of the community. In most cases,
these colleges will customize a program on demand for some minimum class
size (often 12 or 15 students). These customized programs can be presented at
the business site or at the college.

However, smaller companies may be at some disadvantage, since the
minimum class size may represent a very large percentage of any one
company's work force, and on-site programs may conflict with production
demands. These colleges may also suffer the handicap of being oriented to a
fixed academic schedule, but they have more flexibility in this regard than four-
year colleges. Also, as a group, these schools generally have greater flexibility
to select faculty with industrial backgrounds, since academic credentials may
not be as important as practical knowledge and experience.

Many two-year colleges have successfully worked with local industry to
establish programs based on traditional, apprenticeship-type training and
education. They offer credit towards a degree for apprenticeship classes, and,
with industry support, provide facilities for hands-on demonstration of new,
practical manufacturing technology. In some cases the community college has
absorved tooling and machining apprentice
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training that was formerly done privately by a local industry group. Community
colleges in Michigan and Wisconsin, for example, have programs to develop
advanced skills in machining, tool and die making, and plastic injection mold
building. In many respects, these schools have taken up an educational role that
was once filled by vocational-technical high schools and post-secondary
institutions.

Federal Programs

An array of federal government initiatives assist small business. Firms,
however, perceive these programs to be disjointed and sometimes redundant.
Agencies of the federal government have, with some exceptions, viewed
assistance to industry as a secondary mission. For instance, the Small Business
Administration (SBA) addresses many general business issues that may be of
interest to manufacturing firms, but its capacity and abilities depend on regional
leadership and the variability of its services reflects frequently shifting
priorities. The emphasis of the SBA tends to be on loan guarantees, start-ups,
and minority business, with no particular focus on manufacturing.

Federal efforts to help smaller firms have, in general, emphasized
development of new mission-related technologies, supported the spin-off or
deployment of technology developed in federal research facilities to the private
sector, and increased research and development opportunities for smaller
companies. For instance, all federal departments and some agencies now have
Small Business Innovation Research (SBIR) programs providing set-aside funds
to "strengthen the role of smaller firms in meeting federal research and
development needs."1 Cooperative Research and Development Agreements
(CRADAs) are another mechanism intended to link the research capabilities of
government and universities more closely to industrial and commercial
applications by sharing the costs of moving advanced technologies out of the
federal laboratories.

1 The SBIR program, however, has not been utilized by many smaller manufacturers
because of its academic, scientific-oriented proposal process. Greater importance needs
to be directed towards the development of a user-friendly interface between small
companies and federal agencies (Ruxton, 1989).

IMPROVING MANUFACTURING: SOURCES OF ASSISTANCE FOR SMALLER
COMPANIES

61
Ab

ou
t 

th
is

 P
D

F 
fil

e:
 T

hi
s 

ne
w

 d
ig

ita
l r

ep
re

se
nt

at
io

n 
of

 t
he

 o
rig

in
al

 w
or

k 
ha

s 
be

en
 r

ec
om

po
se

d 
fro

m
 X

M
L 

fil
es

 c
re

at
ed

 f
ro

m
 t

he
 o

rig
in

al
 p

ap
er

 b
oo

k,
 n

ot
 f

ro
m

 t
he

or
ig

in
al

 ty
pe

se
tti

ng
 fi

le
s.

 P
ag

e 
br

ea
ks

 a
re

 tr
ue

 to
 th

e 
or

ig
in

al
; l

in
e 

le
ng

th
s,

 w
or

d 
br

ea
ks

, h
ea

di
ng

 s
ty

le
s,

 a
nd

 o
th

er
 ty

pe
se

tti
ng

-s
pe

ci
fic

 fo
rm

at
tin

g,
 h

ow
ev

er
, c

an
no

t b
e

re
ta

in
ed

, a
nd

 s
om

e 
ty

po
gr

ap
hi

c 
er

ro
rs

 m
ay

 h
av

e 
be

en
 a

cc
id

en
ta

lly
 in

se
rte

d.
 P

le
as

e 
us

e 
th

e 
pr

in
t v

er
si

on
 o

f t
hi

s 
pu

bl
ic

at
io

n 
as

 th
e 

au
th

or
ita

tiv
e 

ve
rs

io
n 

fo
r a

ttr
ib

ut
io

n.

Copyright © National Academy of Sciences. All rights reserved.

Learning to Change: Opportunities to Improve the Performance of Smaller Manufacturers
http://www.nap.edu/catalog/2239.html

http://www.nap.edu/catalog/2239.html


Federal Laboratories

The federal laboratories are required by legislation to transfer technology
to the private sector. For instance, all of the DoE national laboratories now have
full-time technology transfer staff and have begun to place some emphasis on
reaching smaller firms. A National Technology Transfer Center has been
established as an information clearinghouse on technology transfer
opportunities in the laboratories and other federal facilities. A consortium of the
technology transfer officers in the laboratories has been formed to share
information, network, and direct small company clients to appropriate sources.
Yet, the majority of successful transactions appears to remain with large
corporations that are able to afford for an appropriate researcher to spend
extended time at the laboratory with which they have partnered. Smaller firms
usually do not employ such researchers and, if they do, cannot afford to be
without them while they investigate possible applications of national laboratory
technologies.

Many observers have also cited a "cultural gap" between the laboratories
and the manufacturing community, especially smaller companies. The
dissimilarities are as great as they are many, but to name a few:

•   Time horizons for projects in research laboratories may extend over several
years; projects in smaller companies are typically very short.

•   Laboratory employees tend to have advanced degrees; managers and
owners of smaller companies often lack college degrees.

•   Smaller companies are pragmatic: they must meet payrolls and deliver,
when promised, quality products that satisfy customer expectations.
Research laboratories are driven by "funding" to conduct research which
may yield uncertain results.
In the post-Cold War environment, reduced demand is resulting in

accelerated outreach by the laboratories to smaller companies. For the
laboratories to be successful in reaching smaller companies, however, they first
must understand the needs of these manufacturing companies and make their
capabilities better known among smaller firms. Because efforts to work with
smaller companies are just beginning, mutual understanding of the benefits of
the laboratories and smaller firms working together can be expected to increase
with time.
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Department of Defense

The Department of Defense (DoD) has a number of programs that are
intended to encourage the development and adoption of new technologies in
manufacturing process and product design. The Advanced Research Projects
Agency (ARPA) sponsors leading-edge defense research in manufacturing
among its many other fields of investigation. Most defense manufacturing
initiatives, however, have been managed through the Manufacturing
Technology Program, known more commonly as ManTech.

All of the service branches plus the Defense Logistics Agency have
ManTech programs that concentrate on helping the defense industry investigate
the feasibility of production technologies considered too risky or DoD-focused
to be undertaken by manufacturers on their own. This funding of research and
development has been supported by DoD since 1947. One of the most
acknowledged successes was the design and development of numerically
controlled machine tools in the 1950s. Among its suppliers, ManTech spends
approximately $150 to $200 million annually to promote shop-floor
modernization (U.S. Congress, 1990). The focus, however, of ManTech and
DoD in general has been in those areas of manufacturing that directly support
the military mission of the Department of Defense—armament, protective
apparel, and so on.

A few ManTech programs have specifically addressed smaller companies
at the subcontractor level.2 The Air Force Machining Initiative for Aerospace
Subcontractors (MIAS) program set up demonstrations in a handful of smaller
firms of shop management software and of untended machining. An exhaustive
assessment tool, the Small Manufacturer's Improvement System (Service), or
SMIS, was developed under the MIAS program. The Air Force intended that
SMIS tools would eventually be commercialized. The developer of the system,
however, never successfully commercialized the SMIS consulting activity, most
likely because the commercial cost ($50,000) was seen as excessive by the
smaller companies it was supposed to serve.

The Navy ManTech Rapid Acquisition of Manufactured Parts (RAMP)
program focuses on DoD subcontractors. The purpose of RAMP is to enable
suppliers to make replacement parts on demand through automation. The
project is closely linked with a multiagency

2 The Air Force has noted that about 70 percent of a military aircraft is manufactured
in companies of 100 employees or less (Ruxton, 1989).
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task force developing the next generation of engineering software to describe
manufactured parts.

The Navy also has sponsored the Best Manufacturing Practices (BMP)
program which evaluates operations, methodologies, and procedures of
(primarily) DoD suppliers. Companies that believe that they have developed
noteworthy methods are visited by an assessment team that, following a BMP-
developed template, prepares a report which is circulated freely. Report results
are also available from a database on a publicly accessible computer network.
Periodic conferences sponsored by the Navy are held to discuss practices that
have been identified as exemplary. The conferences are open to industry for a
modest registration fee.

Department of Commerce

The Department of Commerce has several programs to assist smaller
companies. Most programs concerned with manufacturing competitiveness are
located in the Technology Administration, established under the 1988 Omnibus
Trade and Competitiveness Act. The Technology Administration consists of
three components: the National Technical Information Service (NTIS), the
National Institute of Standards and Technology (NIST), and the Office of
Technology Policy (OTP). NTIS and NIST both have roles in helping U.S.
manufacturers improve their competitive capabilities. OTP has little immediate
relevance to manufacturing competitiveness, since most of its energies are
directed towards development of science and technology policy and removal of
barriers to the commercialization of new technology (U.S. Department of
Commerce, 1991).

The National Technical Information Service was established as a
centralized source of information on U.S. and foreign government-sponsored
research and development results, business information, and engineering
solutions. NTIS is expected to become a gateway through which industry can
efficiently learn about markets and locate technical information. For instance,
the NTIS Computer-aided Acquisition and Logistic Support/Concurrent
Engineering (CALS/CE) Information Center provides a single source of public
access to information on advanced manufacturing information technologies.

Over the past decade, the National Institute of Standards and Technology
has been the primary federal agency focusing on the technological needs of
smaller manufacturers. The Advanced Manufacturing
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Research Facility (AMRF) focuses on development of new ways of machining
and manufacturing components and products, sensors and control technologies,
and software tools to link equipment from different vendors in an integrated
system of shop floor control. Most of the AMRF work, however, is too
advanced for current production environments and not generally supportable by
the technical staff of most smaller companies (National Research Council, 1985).

In addition to the AMRF, NIST has developed an entry-level program
suitable for very small companies called the NIST Shop of the ’90s.During a
one-day seminar, participants attend a mix of lectures, videos, and
demonstrations of technology that can be implemented at relatively low cost by
smaller firms. Although a one-day program has limitations, managers of small
shops can seldom get away for longer periods. The program provides a good, if
basic, overview and provides hands-on software demonstrations. Suppliers are
prohibited from discussing prices or terms of sale during the program and are
restrained from making overt sales pitches during their presentations and
demonstrations.

The State Technology Extension Program (STEP) is a NIST-administered
grant program created by the 1988 Omnibus Trade and Competitiveness Act to
improve the use of manufacturing technology, particularly federal technology,
by smaller companies. The program has evolved somewhat since the first
awards of $1.5 million were made in 1990 to help nine state programs establish
mechanisms to access federal technology for smaller businesses. In 1991,
awards were made to help eight states develop strategic plans for state-wide
industrial extension programs. Six more awards were made in 1992 to help
states implement such strategic plans. Federal funding in 1992 was $1.3 million.

NIST also administers the Manufacturing Technology Centers (MTC)
program, also created by the Omnibus Trade and Competitiveness Act of 1988,
to help smaller manufacturing firms become more technologically competitive.
A detailed discussion of the MTCs is the subject of Chapter 4.

Finally, NIST manages the Malcolm Baldrige National Quality Award. In
response to a rising national concern with product quality and its implications
for the manufacturing competitiveness of U.S. firms, the Malcolm Baldrige
National Quality Improvement Act was passed in 1987. The act called for the
development of guidelines and criteria that organizations could use to evaluate
their quality improvement efforts. It also provided for a Malcolm Baldrige
National Quality Award to be given in three categories: manufacturing,
services, and small business.
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The Baldrige Awards draw attention to the systems aspects of achieving
improvements in quality by adopting a management and overall organizational
approach rather than investments in production technology alone. The
evaluation criteria for the awards have been broadly adopted by many large
businesses as a basis for measuring the performance of their suppliers (Garvin,
1991).

National Center for Manufacturing Sciences (NCMS)

The National Center for Manufacturing Sciences in Ann Arbor, Michigan
is a not-for-profit manufacturing research consortium of approximately 180
small, medium, and large manufacturing companies. The organization,
incorporated in 1986 to improve the U.S. machine tool industry, has an annual
budget of approximately $200 million financed by manufacturers, the federal
government, and philanthropists. It currently conducts a broad range of
production-targeted research and technology transfer activities in support of
industry. However, NCMS treats its research findings and internally developed
assessment and educational materials as proprietary among its member
companies and organizations.

NCMS has recently begun efforts to establish a national network of some
150 "Manufacturing Application and Education Centers." It recently received
$5 million from the Air Force to establish the National Center for Tooling and
Precision Components (NCTPC) at the University of Toledo. NCTPC plans to
place a teaching factory in a facility to be built by the university.

Shared Manufacturing Facilities/Teaching Factories

Shared manufacturing facilities, also referred to as teaching factories, are
an increasingly popular concept among the various approaches to industrial
modernization. The term "teaching factory" is applied to a variety of facilities,
ranging from CAD demonstration centers at universities to flexible computer-
integrated manufacturing facilities capable of full-scale part production.
Typically, manufacturers and suppliers of state-of-the-market, off-the-shelf
machines and equipment loan or donate their products to organizations that
provide the physical facilities for the equipment, demonstrate its operation, and
train users. Teaching factories offer smaller companies an opportunity to
investigate
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applications of the technology and evaluate its applicability to their business
without purchasing the equipment.

According to the Department of Commerce, there are now 16 teaching
factories in operation or pilot operation throughout the United States (see
Table 1); another 15 are in the planning stages. In some cases, the teaching
factory is jointly owned by local small manufacturers; more typically, they are
owned and operated by non-profit organizations, usually universities and
community colleges. There is growing interest from profit-making companies
who would sell access to the equipment and charge for the training provided.

In addition to teaching basic operations on the equipment, the teaching
factories usually permit clients to buy time on the equipment (sometimes at
below-market rates) to perform actual production work for customers. In these
situations, the employees of the small manufacturer operate the equipment at
the teaching factory. When the teaching factory is located at a college or
university, students or faculty also use it for research and educational work.

The teaching factory concept is attractive because it offers smaller
companies the ability to try new technology without the substantial risk of first
making a significant capital purchase. By permitting employees to learn the new
systems before the smaller manufacturer acquires its own, a smoother
installation at the company can often be expected. Of course, it is presumed that
successful clients of teaching factories will purchase their own equipment once
they have demonstrated its effectiveness for their specific applications.
Obviously this presumption is the incentive for the suppliers, who provide
demonstration machinery in hope of selling the same equipment to clients that
try it at the teaching factory.

Smaller companies who have the opportunity to use the teaching factories
as subcontracting sources may have little motivation to change their low-cost
advantage by actually buying their own equipment and weaning themselves
from the subsidy. The teaching factories themselves, in the absence of broad
acceptance by smaller companies, may be reluctant to turn away the few repeat
cash customers that take advantage of the available service. Thus, as clients
subcontract for inexpensive time on available equipment, some centers have
essentially become subsidized job shops.

Another shortcoming of the teaching factory concept is the need to locate
them in areas where the local company demographics are such that a finite
range of production equipment is relevant to enough firms. Even for relatively
generic technology like machining centers, the range of
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TABLE 2 Centers for Shared Flexible Computer-Integrated Manufacturing/Teaching
Factories. In Operation or Pilot Operation.
1. FLORIDA
Orlando - Valencia Community College
2. IDAHO
Boise - Boise State University
3. ILLINOIS
Rockford - Rock Valley College
4. ILLINOIS
Rock Island - Manufacturing Technology Consortium (Rock Island

Arsenal)
5. INDIANA
Indianapolis - Electronics Manufacturing Productivity Facility
6. MARYLAND
Hagerstown - Hagerstown Junior College
7. MISSOURI
Rolla - DemMaTec, University of Missouri
8. NEW JERSEY
Blackwood - Camden County College
9. NEW MEXICO
Las Cruces - New Mexico State University
10. NEW YORK
Rochester - Rochester Institute of Technology
11. OHIO
Elyria - Loraine County Community College
12. PENNSYLVANIA
Bethlehem - Northampton Community College
13. PENNSYLVANIA
Meadville - National Institute for Flexible Manufacturing
14. PENNSYLVANIA
Monroeville - Micro-Teaching Factory
15. WEST VIRGINIA
Huntington - Robert C. Byrd Center, Marshall University
16. WISCONSIN
Kenosha - Great Lakes Composite Consortium
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features and capabilities needed by companies can be extensive, and
therefore difficult to accommodate in a teaching factory. The rate at which the
equipment is updated can also be an important factor to potential users, but is
dependent on the available budget or donations. These factors make the design,
operation, and marketing of a teaching factory, particularly in the long run, very
difficult and problematic.

OTHER MODELS FOR COORDINATED MANUFACTURING
ASSISTANCE

Guidelines for structure, organization, governance, and operation of
systems of assistance and technology diffusion are available within the
numerous state and regional efforts as well as some recent initiatives by the
federal government. An often cited model for a coordinated system of
assistance is the Cooperative Extensive Service, administered by the U.S.
Department of Agriculture and state land-grant universities.

Cooperative Extension Service

The Cooperative Extension Service (CES) is frequently cited as a model
on which to base a new federal extension program for manufacturing industry.
Established in 1914, agricultural extension has developed into a nationwide
system employing more than 9,600 county field agents and 4,600 land-grant
university specialists to transfer new agricultural techniques to farmers and to
stimulate community development. One-on-one contacts between extension
agents and farmers, publications, electronic media, and workshops and training
sessions are among the methods used to disseminate information and provide
technical assistance. In 1988, 30 percent of the system's $1.1 billion budget
came from the federal government. States provided 48 percent of funding,
counties supplied 18 percent, and 4 percent came from other sources.

The experience of agricultural extension offers important lessons for an
industrial extension service. For three reasons, however, it is neither possible
nor desirable to build an industrial extension system based simply on
duplicating the agricultural extension model. First, agricultural extension is by
no means a perfect system. Agricultural extension has been criticized for
focusing too much on costly chemical and mechanical technologies that favor
larger agribusinesses, often with damaging social and environmental
consequences. The system has also been faulted for
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lacking coordination and strategy and for overbroadening its programs into such
areas as youth education and suburban gardening. The growth of proprietary
research in agriculture, especially in biotechnology, threatens to make obsolete
the traditional extension model of public university research with free
dissemination. Furthermore, as agricultural technology becomes more
sophisticated, the generalist county agents who form the base of the system may
increasingly lack the expertise to help farmers effectively.

Second, conditions in manufacturing are usually much more varied and
complex than in agriculture. For example, farmers in a given region tend to
share common soil, water, crop, climate, and market situations. A single
university-based extension delivery system can accommodate these needs. In
contrast, smaller manufacturers in a region may have widely differing
technologies, products and processes, material needs, and markets. No single
approach to manufacturing extension is likely to serve all needs; rather, a
variety of models and approaches may be justified, depending on the particular
characteristics of the manufacturers and areas being served. At the very least,
the agricultural extension model needs adaptation to be useful in the
manufacturing sector. But it is also possible that other, quite different
approaches to manufacturing technology dissemination need to be considered
and tried.

Third, it would be extremely difficult today for the federal government to
establish a unified, national system of industrial extension in the same way that
a national system of agricultural extension was founded in 1914. Current budget
constraints are one obstacle. Another is the fact that many states have already
initiated their own industrial extension and technology transfer programs to
enhance the technological capability of smaller firms. These programs assist
firms in various ways, including deploying technology, product development,
work organization, and work force training.

Japanese Kohsetsushi Centers

The Japanese and several European countries have made particular efforts
to improve the competitive circumstances of their smaller manufacturers. Their
programs suggest a number of alternative approaches that may be appropriate
means for helping firms locate necessary resources, assimilate new
technologies, upgrade worker skills, acquire machinery and equipment, and
access information concerning best practices.
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Japan has a large majority of smaller manufacturing firms, and has more
than twice as many enterprises with 20 or fewer employees as the United States.
The economic and political importance of smaller firms has led to active
government support of modernization programs for many years. To encourage
adoption of new technology, government financial assistance has been available
in the form of direct loans for operating funds or plant and equipment
investment, favorable leasing arrangements or installment sales to individual
manufacturers or cooperatives of manufacturers, and substantial tax relief that
in 1984 allowed smaller firms the option of taking a first year depreciation of 30
percent.3

In addition to the system of financial assistance for smaller firms, Japan
has a nationwide public system of support that encourages technology adoption
and development. An important component of this system is the network of 170
Kohsetsushi centers, many founded in the 1920s and 1930s. The centers provide
industrial-oriented research services, calibration and testing, technology
demonstration and information, training, and problem-solving assistance for
smaller Japanese manufacturers. There may be more than one center in each of
the 47 prefectures, based upon the extent of industrial concentration. The
centers typically specialize in the industries that economically dominate their
region, not all of which are manufacturing. The Kohsetsushi also administer a
national system of qualification and registration for private consultants that
assist smaller firms.

The Kohsetsushi program receives half of its funds from the national
government and half from the prefectures, and the centers generally charge
firms a nominal fee for consultations and assistance at the centers or for visits to
the production facilities of the companies. The centers are administered
primarily by municipal and prefecture governments, and because of their long
histories of service are generally well known and used by local manufacturing
firms (Shapira, 1992).

The committee believes that the model that exists in Japan suggests several
alternative approaches that should be examined when planning a national
system of assistance to smaller manufacturing companies, but the Japanese
framework is unlikely to be applicable to circumstances of U.S. companies
without substantial modifications.

3 For further discussion of equipment financing options available to Japanese small
and medium-sized companies, see U.S. Congress, 1990.
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4

Effectiveness of Manufacturing
Technology Centers

Although the federal government has many programs to assist
manufacturers (see Chapter 3), the Manufacturing Technology Centers (MTCs)
program managed by the National Institute of Standards and Technology
(NIST) is the primary federal activity in industrial extension targeted at smaller
manufacturers. The MTC program provides matching grants creating centers to
enhance ''productivity and technological performance in U.S. manufacturing
through the transfer of manufacturing technology and techniques . . .'' (U.S.
Congress, 1988). Since 1989, seven MTCs have been established in Cleveland,
Ohio; Troy, New York: Columbia, South Carolina; Ann Arbor, Michigan;
Kansas City, Kansas; Los Angeles, California; and Minneapolis-St. Paul,
Minnesota. Federal funding for the MTC program in 1992 was $17.6 million.

The current MTCs have been established through three rounds of proposal
evaluations and awards, in 1988, 1990, and 1992, with the number of proposals
falling from 36 to 20 to 16 (National Research Council, 1988, 1990, 1992).
Proposals are solicited from qualified nonprofit organizations. NIST provides
funding for six years, with maximum funding of $1.5 million, $3 million, $3
million, $2.4 million, $1.8 million, and $1.2 million in each respective year. No
NIST money is provided after six years. Applicants are required to contribute
50 percent or more of the proposed MTC's capital and annual operating and
maintenance costs for the first three years, and an increasing share up to 80
percent in the sixth year. At least 55 percent of the applicant's share must
consist of cash or in-kind contributions of full-time personnel.

NIST evaluates proposals based on: 1) regional need, 2) technology
resources, 3) technology delivery mechanisms, and 4) management and
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financial plan. (Appendix C is a copy of the 1992 Federal Register notice
requesting MTC proposals.) Proposers must demonstrate that they understand
the needs of their local manufacturing base and are qualified to meet those
needs effectively and consistently. Innovative approaches to meeting the needs
of the local industrial community are encouraged; NIST offers no
predetermined solutions or expectations regarding modes of operation or
specific program offerings.

This approach to the proposal process and conditions for funding are
reflected in the current MTCs. Each MTC has a unique combination of services
targeted at local industrial conditions (see Table 3). Each has a different
relationship with its local cosponsor, typically state government, and has a
different combination of financial and in-kind matching funds. Each has a
relatively unique relationship with other service providers, such as consultants,
community colleges, universities, and other state assistance efforts. Each MTC,
therefore, can be viewed as an experiment or prototype in how to integrate
federal efforts in manufacturing assistance with existing private and public
assistance resources to meet the demands of very diverse local manufacturing
communities.

The NIST and the Manufacturing Technology Centers fund the
Modernization Forum to capture the lessons gained from these MTC
experiments, to accelerate the learning process across them, and to identify
areas for joint ventures among the MTCs. The activities of the Forum include
national conferences on issues such as technology transfer to smaller
manufacturers, an annual conference of MTC staff, joint MTC projects, and
initiatives to link the MTCs with state extension programs, universities, and
other public sources of industrial assistance. The MTC directors comprise the
board of directors of the Modernization Forum, which meets monthly.

OBSERVATIONS REGARDING THE MTCS

Of the eight workshops held by the committee, six were collocated at
MTCs. In addition to the workshops, half-day sessions were spent with MTC
staff learning about their programs and experiences in working with the local
manufacturing communities. (The remaining workshops were held in Los
Angeles prior to that MTC becoming operational and in Georgia.) Based on
these discussions, as well as conversations with company representatives who
had had some experience working with the MTCs, the committee made the
following observations:
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The chief characteristic shared by the MTCs is their funding
relationship with NIST.

The MTCs differ primarily in the emphasis each places on the roles of
technical center and field service assistance. The local infrastructure and
industrial economy determine to a great degree the characteristics of the MTC
organization and its chosen position in the spectrum of support needed by
manufacturers in its region.

Despite the diversity of their management structures, relationships with
other organizations, and sources of matching funds, MTC managers and staff
seem to agree on what they are and are not about. They are not about doing
academic research, doing traditional economic development in the sense of
attracting new firms, transferring technology from federal laboratories, or
creating Silicon Valleys.

Rather, they are about helping firms to adopt the disciplines required for
globally competitive manufacturing and the design capacities needed for
collaborative production. Reflective of this orientation is the emphasis placed
by field engineers on working with firms to acquire the capabilities to evaluate
individual projects rather than on conducting the evaluation themselves. Good
projects build such capacities and, above all, increase the likelihood that firms
will learn how to adopt other relevant capacities without further assistance.

The expectations and missions for the MTCs appear to have evolved 
towards a much broader set of initiatives than was originally perceived.

In addition to upgrading the technological competence of smaller
manufacturing firms, MTCs are expected to support broader modernization
efforts, provide business management assistance, participate in defense
conversion and worker retraining, and so on. A well-articulated vision and
coherent set of missions, understood and shared by all of the MTCs, was not
readily evident.

This ambiguity is natural and reflects the experimental nature of the
program and the tremendous amount of organizational experience, knowledge,
and innovation to be examined. It also reflects responses to the diversity of the
manufacturing economies surrounding each of the MTCs and the likelihood that
strategies and missions should differ for each, based upon local circumstances,
resources, and needs.
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Organizational stability, local commitment, and proper institutional 
structures are critical underpinnings of a successful program to improve
manufacturing competitiveness.

The success of the MTCs depends on well-established communication
lines with the various communities they serve and appropriate mechanisms for
sufficiently considering customer needs. Based on the performance of the
current MTCs, university management is not likely to be as effective as other
forms of organization and governance. Likewise, the availability of local
organization and support, reflecting grassroots political commitment and
accompanied by service and resources in the private sector, appear to be
important elements of successful programs.

Recruitment and training of talented, dedicated, skilled, and
experienced staff are essential for program success.

The reputation of the MTC and its ability to influence the regional
industrial base depends on the trust and credibility established by the field
agents with manufacturers in their regions of responsibility. The experience and
expertise of senior MTC managers determine the strategies and establish the
guidelines to accommodate local constraints and to leverage most effectively
the available strengths and resources of each community. Employees of MTCs
must understand business fundamentals and appreciate the unique
circumstances of smaller manufacturing firms. They should be capable of both
assessing areas for improvement and helping firms develop viable solutions.

MTCs in some instances devote a substantial portion of their resources 
to marketing services and "acquiring projects"; these activities limit the
number of companies they can help.

Projects with individual companies are an important part of the MTCs'
activities because they build credibility in the community by demonstrating
technical competence and ability to deliver promised services. However, this
type of one-on-one assistance severely limits the number of companies that can
be helped with available resources, even when the amount of time allotted for
specific projects with companies is limited, a common practice. To increase the
breadth of the customer base, the network of field engineers associated with
each MTC should be encouraged to identify problems common to
manufacturers in their region that would be amenable to efficient means of
assistance, such as
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classes and workshops. Changing the instructional focus and content to meet
local needs can produce a large impact on many more manufacturers than is
possible on a one-to-one basis. For instance, one means of insuring that the
assistance provided meets the needs of the smaller manufacturer is for the
MTCs to encourage and facilitate participation by smaller firms in establishing
the curriculum for local community colleges and technical schools.
Furthermore, increasing general awareness of available assistance services with
consistent and coordinated outreach efforts at regional and national levels could
reduce the need for marketing efforts by individual centers.

Legislative requirements eliminating NIST funding after six years 
("sunset provisions") adversely dominate the missions, attitudes, and
behaviors of the MTCs.

Although, arguably, state government support would still be forthcoming
after six years, the elimination of NIST funding forces MTC managers to devise
long-term strategies to fill this funding gap. Typically, these strategies place an
increasing emphasis on fee-for-service activities. On the one hand, focusing on
services for which customers will pay ensures responsiveness to the client base
and provides an easy metric for identifying valuable services and eliminating
others. On the other hand, the need to raise funds from paying customers tends
to encourage MTCs to focus on the needs of larger companies. These firms
often are more willing to pay for services and require less marketing effort for
the resulting income than smaller firms. Though still too early in the overall
MTC program to tell what will happen after NIST funding ends, the committee
can easily foresee a situation emerging in which MTCs fail to provide services
that would be useful and effective to smaller firms because the fee income is
insufficient, while at the same time competing more with private sector service
providers for the business of larger firms.

It is difficult to collect quantitative return-on-effort data on "soft"
services.

An extensive range of services can be provided by MTCs, but the present
performance metrics (e.g., cash flow, number of clients, length of engagements,
attendance at manufacturing meetings) become a strong impetus for them to
concentrate on the assistance services for which the clients are willing to pay a
fee or for which there are matching funds.
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For instance, all of the MTCs place a great deal of emphasis on assessing the
current conditions in client firms and determining productive areas for
modernization efforts. Clients are charged for this assessment, which often
leads to follow-on projects, either with the MTC or another assistance provider.
The assessments, therefore, serve as a marketing tool, a source of income, and
an easy measure of the number of company interactions.

However, during each of the committee's workshops, less project-oriented
kinds of assistance were repeatedly noted by the company representatives as
very useful and important to the manufacturers that participated. Examples of
MTC services that workshop attendees noted as potentially very useful include
activities to facilitate better networking among companies, such as forums,
workshops, and company introductions, and activities to provide needed
expertise, such as project management services and brokering or matching
appropriate private sector providers with smaller clients. Although all of the
MTCs provide these kinds of services to a greater or lesser degree, they should
receive more emphasis despite the lack of clear metrics on which to judge their
value.

There are not currently enough MTCs to have a substantial influence 
on the performance of the American industrial sector.

The sphere of influence for some MTCs is nowhere near what has been
suggested as their domain of regional accountability. Consider the extremes in
the number of smaller manufacturing firms in three regions of the country, each
of which has a single MTC. California has nearly 45,000 smaller manufacturing
firms with fewer than 100 employees. Kansas has about 3,000 firms with 100 or
fewer employees. In South Carolina, the Southeast Manufacturing Technology
Center has implicit responsibility for all 13 southeastern states.

This range in size of the customer base has important implications for
several aspects of the MTC program. First, with 45,000 potential customers, the
California MTC cannot reasonably be expected to provide the same level of
service or range of activities for the same budget as does the Kansas MTC.
Either expectations need to reflect the constraints of available resources, or
funding levels should reflect the size of the customer base. Based on the number
of customers to be supported and the level of assistance to be provided, multiple
MTCs may be required in high-density areas.

Second, selection of MTCs and expectations of their service areas should
reflect the difficulty of cooperating across state lines when state
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governments are the source of matching funds. Although some MTCs have
been successful in arranging cooperation across state boundaries, Cleveland and
Minnesota in particular, these efforts are still small. This issue will need to be
confronted more directly in the future as the MTC program is expanded.

CONCLUSIONS

Based on the discussions at the workshops with MTC personnel and
manufacturers, a majority of the committee has concluded that the MTCs are
well placed to provide many of the services needed to improve the performance
of smaller manufacturers. (See Chapter 6 for a minority opinion.) Many of the
needs and opportunities identified by the manufacturers relate to improving
access to information and building stronger networks among companies,
suppliers, technology developers, regulators, and financiers. Many of the
activities of the MTCs already address these needs, but, for a variety of reasons,
these activities are not given the emphasis they deserve.

Some manufacturers perceive the MTCs as just another government
program and therefore are reluctant to work with MTC staff; these firms are
probably in the minority, however, and can be expected to change their minds
over time. Most manufacturers seem to perceive the MTCs as neutral parties
without a vested interest in any particular vendor, equipment type, or software
package, and as government bodies with access to other government bodies
such as state regulatory agencies. The MTCs should capitalize on this
perception by playing a far more forceful role in mobilizing networks within
local manufacturing communities. Such networks would improve sharing of
information, experience, and problems; they could also serve as an effective
mechanism for aggregating the concerns of smaller manufacturers to provide a
voice in national policy commensurate with their numbers.

Each of the MTCs continues to learn how best to serve its customer base
and is flexible enough to adapt. All are learning what they should do in the
context of their customer base and their resources and capabilities. They are
learning how to serve as a hub of information and facilitator of cooperation in
their local industrial communities, and how to amalgamate a range of programs
into a core set of useful services. More progress is needed, particularly in
building methodologies for effective group learning among companies, but the
learning process seems strong.
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5

Conclusions and Recommendations

Smaller manufacturers play an important role in the competitiveness of
American industry. They comprise the bulk of manufacturing establishments,
are integral parts of the supply chain for both commercial and defense products,
and provide the vast majority of manufacturing employment. Many of these
smaller firms, however, are operating far below their potential. Their use of
modern manufacturing equipment, methodologies, and management practices is
inadequate to ensure that American manufacturing will be globally competitive.

This situation in which the thousands of smaller manufacturers who
comprise the foundations of U.S. industrial strength are slow to modernize their
manufacturing operations has prompted significant public response. State and
local governments have created industrial assistance services, the federal
government has multiple programs aimed at helping small businesses, and there
is strong interest in the Clinton administration in creating a national network of
industrial assistance centers. Expanding the NIST Manufacturing Technology
Centers (MTCs) program is one mechanism for creating such a national
assistance network; other possible mechanisms, described in the Technology
Reinvestment Project (TRP) information package, include Advanced
Technology Centers at community colleges, industry specific consortia, and
expansion of state-based industrial extension services (U.S. Department of
Defense, 1993). Although the specifics of a national industrial assistance system
have yet to unfold, it is clear that significant resources, both federal and other
(since 50 percent matching funds are required for all TRP proposals), are being
mobilized to create a national industrial assistance system.
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Based on the committee's discussions with smaller manufacturers and with
staff at the MTCs and other industrial assistance programs, a majority of the
committee has concluded that a national industrial assistance system is justified.
The barriers to manufacturing performance improvement in smaller firms and
the opportunities to overcome those barriers, as described by manufacturers in
the committee's workshops, define roles for public sector assistance programs.
The committee majority's assessment of the current MTCs is that they are well-
placed to address many of the barriers facing smaller manufacturers. In
particular, they can create communication networks and facilitate much greater
information sharing among companies, technology providers, educators,
regulators, and other members of the manufacturing community.

The federal government, through the MTCs, is learning to help firms
adjust to the rapid changes taking place in manufacturing. In many respects, the
diversity of the MTCs has provided valuable insights into what needs to be
done and how to do what is needed. The MTCs have also discovered that some
features of the manner in which they are organized are obstacles to further
progress. Despite these lessons, it is crucial to emphasize that there is no
consolidated model at NIST or elsewhere of how to provide assistance to
smaller firms most effectively. As initiatives unfold to create a national
industrial assistance system, the need to remain flexible, to fund experiments,
and to adapt accordingly must be a guiding principle.

Even if highly successful, it must also be recognized that industrial
assistance is not a panacea. Improvements in technology and changes in firms'
internal organization of work are elements in overcoming the challenges and
barriers that block or impede the development of globally competitive
manufacturing capabilities in smaller U.S. firms. Innovation within
manufacturing must be understood as inextricably linked to macroeconomic
initiatives, trade impediments, antitrust concerns, education and training,
energy, regulatory actions, public infrastructure, cost and availability of capital,
and a host of other external factors and policies.

RECOMMENDATIONS

With these caveats, but with the full recognition that initiatives to construct
a national industrial assistance program are well under way, the committee
majority offers the following recommendations to help guide
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the implementation of such a program. A dissenting set of conclusions is
presented by a committee minority of two members in Chapter 6, page 95.

1. Develop a long-term strategy.
Efforts to create a national system of industrial assistance to improve the

manufacturing performance of smaller companies should recognize the
importance of creating a coherent system and not just increasing the number of
assistance facilities and service providers. Appropriate elements of centralized
coordination and control, in conjunction with decentralized and distributed
management and direction, are needed to create an efficient, comprehensive
system of assistance resources.

Although many of the elements of a national industrial assistance system
exist, and initial steps at coordination and cooperation are developing—for
instance, through NIST's State Technology Extension Partnership (STEP)
program—the reality of a cohesive national system is a long way off. To be
effective, a national system of industrial assistance must become an integral part
of the manufacturing community, which requires continued support over many
years. A long-term strategy for deploying, operating, and funding a national
system, in the context of changing economic and political realities, must be
developed. The goal of the system should be to ensure that assistance is
available to any company that requests it.

2. Expansion should be governed by ''quality, not quantity.''
A national system of assistance can only be successful if it is supported by

and responsive to the customer base, and manufacturers will only support it if
they believe the advice they get is high quality. With the long-term objective in
mind of providing access to assistance for any manufacturer who wants it, the
emphasis must remain on ensuring that high-quality assistance is provided.

Too rapid expansion of the MTC program or other forms of industrial
assistance programs risks compromising service quality for two main reasons.
First, the complexity and constant change confronting manufacturers means that
attempts to anticipate appropriate needs based on present knowledge and
understanding will not be effective. Rapid replication of a single uniform model
of an assistance center will not
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work. Second, the number of organizations available and capable of providing
high-quality assistance is relatively small. A mechanism is needed to initiate the
development of future assistance centers by building on the experience and
lessons learned from current MTCs and other programs.

Recognizing these constraints, the committee recommends that expansion
of the current MTC program and other federal initiatives should be planned
carefully with the aim of developing a comprehensive national industrial
extension system within 3 to 5 years, based on a strategy of "learn as we go."

3. A national system of industrial assistance must strive for balance 
among local responsibility, regional coordination, and national direction, 
support, and cohesion.

The combination of rapid changes taking place in manufacturing and major
differences across industries and localities calls for a system with centralized
coordination and decentralized, distributed management and control. To remain
responsive to customers in the manufacturing base, local and regional programs
must have the ability to implement change and deliver services in the most
effective, efficient way for the demands of their local customers. It is critical
that any national system of industrial assistance accommodate the complexity,
diversity, and economic idiosyncracies for each location served. It must permit
the development of alternative models that best address those unique qualities
and differences. There is no one model or organizational structure that will
suffice as a template suitable for all situations. National goals and objectives
must be tempered by the environment of each locale, and regional efforts
should respond as appropriate for their predominant industrial sectors, private
and public resource base, and real potential for matching funds (Fogarty et al.,
1993).

Within this organizational structure, there are clear roles appropriate for
federal, regional, and local components of the system.

The federal role must be to provide a stable funding environment, to
facilitate learning among local and regional providers, to nurture new providers
in areas with unmet needs, and to provide services that are best done at the
national level. Specific examples of appropriate federal activities include:
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•   Provide funding for resources that are best developed nationally, such as
marketing to build awareness that assistance is available, training and
certifying extension agents, developing and refining educational materials
and programs for clients, and creating a consistent set of performance
metrics for assistance centers.

•   Develop a national benchmark database and identify a relevant suite of
metrics for evaluating and comparing the performance of manufacturing
companies within and across industry groups.1

•   Develop comprehensive information resources, such as databases, software,
and computer-based tools for training, tracking, and evaluation, and
electronic bulletin boards to provide user-supported problem resolution.2
Investment in the development of a suite of assessment tools and
methodologies is one example where resources are duplicated but where
the opportunity exists for significant benefits of scale if these resources are
made broadly available. For instance, the Industrial Technology Institute
has constructed an extremely comprehensive Manufacturing Assessment
Methodology, or MAM Tool Kit, that its staff uses with clients.

These kinds of tools also contribute to the creation of a common set of
terms and language for both service providers and the clients they service.
Considering that there is likely to be increasing communication among
members of the manufacturing community and the assistance
organizations, the need for a dictionary of standard terminology would be
an appropriate goal of the assistance system.

•   Serve as a clearinghouse for company needs and convey them to
appropriate sources of help. A specific example is the use of federal
laboratories to help smaller firms comply with pending environmental
regulations on solvent-based paints.

•   Facilitate cooperation among regional and local programs by convening
workshops and conferences and creating electronic linkages. Such
cooperation should encourage sharing of problems and solutions

1 The Foundation for Industrial Modernization has recently undertaken, with the
Midwest Manufacturing Technology Center, an effort to identify the data and
information needed to properly measure and compare the performance of smaller U.S.
manufacturing companies, considering the technology used, their productivity, and their
ability to respond quickly to customer requirements. See, Foundation for Industrial
Modernization, 1993.

2 An example of such a network is TECNet, a database for small and medium-sized
companies that includes information " . . . about government regulations and programs,
requests from large firms for bids and quotations, directories of used equipment for sale,
import-export information, and training opportunities." See Rosenfeld, 1992.

CONCLUSIONS AND RECOMMENDATIONS 85

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Learning to Change: Opportunities to Improve the Performance of Smaller Manufacturers
http://www.nap.edu/catalog/2239.html

http://www.nap.edu/catalog/2239.html


encountered by assistance providers to speed the learning process
nationwide.

•   Provide a linkage between smaller manufacturers and other federal policies
that may affect their business, including regulatory, trade, research and
development, and tax policies.
The role of the regional component is to ensure the development of a

cohesive system of assistance in the area represented. The genesis of such a
system begins with identification of the problems whose solutions are crucial to
regional industrial success, followed by development of relevant strategies and
plans for addressing those issues. The range of activities and mix of
organizational expertise should reflect the principal industries of the area and be
informed by regional interests, issues, and concerns. The system's strategies,
direction, and oversight should be provided by members of the community
within the geographic constraints of the organization's charter.

Regional centers should:
•   Supply the necessary coordination, standards, and administrative facilities

to minimize duplication and inconsistency of programs and structure
among the local service organizations.

•   Support scale efficiencies by pooling the needs of the local assistance
network in areas such as computer services and databases, and by
organizing and sponsoring regional events in areas of broad industry
interest (e.g., ISO 9000).

•   Provide common legal, accounting, reporting, evaluation, and marketing
support required for each service group.

•   Function as contract administrators for federal agencies and ensure
compliance with the terms and conditions of federal funding awards.

•   Recruit and educate (with federal assistance) new service providers (field
agents, service center directors).
Note that "regional" can mean a single state or an area more or less than a

state. For states with very high manufacturing density, "regional" may refer to
one geographic area within a state. Likewise, a region may be industry-sector
defined, in which case it would probably cross state boundaries. In those cases,
attention must be paid to insuring equitable coordination and representation of
interests that extend across state lines.
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The role of the local assistance program is to help firms develop their
own capacity to grow and improve (as exemplified by the tenets of continuous
improvement and total quality management). The responsibilities of local
assistance organizations include offering a clearly delineated menu of services
and facilities appropriate for the local industrial economy, partnering with and
brokering of existing local services to solve companies' specific problems,
encouraging private sector provision of needed services, helping manufacturers
define needs by assessing performance and identifying improvement potential,
providing leadership for the local manufacturing community, and working with
the regional organization(s) of which it is a component to fill the needs of its
community in the best and most efficient manner possible.

Success at the local level depends significantly on the ability to integrate
diverse local conditions in terms of industry needs, demographics, and available
resources to create a service organization that fits the situation, rather than
wholesale adoption of a "national model." The details and emphases of each
local assistance network are contingent on the circumstances of each locale. For
instance, agent-provided problem-solving (technical fixes) may be the only
practical means of assisting smaller firms when local vendors and consultants
are not available to the client firm. In contrast, regions that have a high density
of smaller firms are more likely to have an accompanying industrial
infrastructure. In those cases, the local assistance organization will be most
effective by devoting its efforts towards identifying and coordinating the needs
of smaller manufacturers with suppliers of assistance in the private sector,
facilitating linkages and information exchanges among companies sharing
similar problems, and providing services to groups of manufacturers addressing
common challenges.

Local assistance providers must balance the "push" of education and
programs that promote new strategies and performance criteria for
manufacturing against the "pull" of customer-specified requests, predominantly
technical fixes and short-term problem-solving. The assistance efforts must be
concerned with addressing the improvement of all processes throughout the
firm and not focus just on those that take place on the factory floor.

As much as practical, services should be provided to groups of
manufacturers sharing common problems to satisfy collective needs, such as
rationalizing standards across several large OEM customers. For example,
Beech Aircraft and many other OEMs now require electronic data interchange
with suppliers and vendors. Coordinated efforts are
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needed to develop common standards and protocols to eliminate the need for
smaller firms to make multiple hardware and software investments.

The local assistance providers must also endeavor to encourage private
sources of assistance. Because of manufacturers' desire to have a "one-stop
shop" source of assistance, the local component of a national assistance system
could function as a broker of other assistance providers. It could provide
referrals to companies of providers with appropriate expertise for specific
problems and keep private assistance providers abreast of the kinds of problems
raised by manufacturers. The Upper Midwest MTC plays this brokering role in
its region.

It is important that the local industrial assistance center not function as a
subsidized competitor in the market. For many of the services that should be
provided by the organizations, such as facilitating networks, convening forums,
supplying information, and encouraging practitioner interaction, manufacturers
are often unwilling to pay fees that are sufficient to support the service
organization. Conversely, many of the services that could be supported by fees
are already provided by private consultants and other businesses. Local
assistance providers must learn to balance these conditions so that they do not
displace private service providers through subsidized competition but remain
vibrant and responsive to their customer base. The appropriate balance is likely
to be unique to each locality.

On an operating level, the committee believes the best way to achieve the
requisite balance of local responsibility, regional coordination, and national
direction and support is for the federal government, as a condition of funding, to
require that assistance organizations conform to "governance principles."
Arguably, the current requirement in both the MTC and the TRP program for
matching funds is such a governance principle aimed at ensuring local or
regional commitment to the industrial extension organization. Other examples
of governance principles might be to have representatives of local industry
serve as the organization's board of directors, and to demonstrate that existing
service providers, such as universities, community colleges, consultants, and
industry organizations, support and will cooperate with the organization. While
allowing the necessary flexibility in local strategies and operations, applying
these kinds of governance principles can ensure that local assistance centers
remain responsive to their customers and encourage them to build on available
strengths rather than creating duplicate, fragmented assistance resources.
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4. Federal financial support should recognize different needs, abilities, 
and capacity to apply funds effectively. It should focus on spending modest
amounts wisely, with flexibility in the amount of funds for which an
organization must apply.

Rigid criteria that constrain competitive awards to high, fixed levels often
discourage applications for programs which, appropriately, should be smaller
scale efforts. Funding support should fit the abilities of organizations to use the
money effectively. Awards should be commensurate with the size of the market
for assistance, availability of matching funds, and other resources.

A two-stage funding approach should be adopted to support and encourage
strong proposals. Substantial effort is needed to organize properly and present a
coherent strategy for local or regional development. "Seed" grants to assist in
development of comprehensive plans, identify and catalog resources, determine
goals and objectives, design organization structures, and review similar efforts
would improve applicants' chances for success in obtaining major funding. Such
support may also help stimulate new programs by state and local governments
or by private industry groups. The STEP program provides some support for
development and implementation of state-wide extension programs, but greater
provision is needed to help organizations mobilize the resources and support
necessary to operate an MTC effectively prior to receiving a full MTC award.

5. Coherent measures and guidelines should be developed for
evaluation of federal, regional, and local assistance efforts. For programs 
that are not performing, remedial action needs to be taken quickly by a
local board of directors.

The set of metrics for evaluating accomplishments of the programs must
be tied to their missions, and the connections between those metrics and goals
must be clear. Counting the number of projects undertaken— the number of
doors knocked on—provides almost no evidence of influence on improved
manufacturing capabilities. Evaluation of the services provided to
manufacturing clients must be an integral part of the overall judgement process.
This evaluation should be administered by a governing or advisory board with
broad membership, particularly local industry participation.

CONCLUSIONS AND RECOMMENDATIONS 89

Ab
ou

t 
th

is
 P

D
F 

fil
e:

 T
hi

s 
ne

w
 d

ig
ita

l r
ep

re
se

nt
at

io
n 

of
 t

he
 o

rig
in

al
 w

or
k 

ha
s 

be
en

 r
ec

om
po

se
d 

fro
m

 X
M

L 
fil

es
 c

re
at

ed
 f

ro
m

 t
he

 o
rig

in
al

 p
ap

er
 b

oo
k,

 n
ot

 f
ro

m
 t

he
or

ig
in

al
 ty

pe
se

tti
ng

 fi
le

s.
 P

ag
e 

br
ea

ks
 a

re
 tr

ue
 to

 th
e 

or
ig

in
al

; l
in

e 
le

ng
th

s,
 w

or
d 

br
ea

ks
, h

ea
di

ng
 s

ty
le

s,
 a

nd
 o

th
er

 ty
pe

se
tti

ng
-s

pe
ci

fic
 fo

rm
at

tin
g,

 h
ow

ev
er

, c
an

no
t b

e
re

ta
in

ed
, a

nd
 s

om
e 

ty
po

gr
ap

hi
c 

er
ro

rs
 m

ay
 h

av
e 

be
en

 a
cc

id
en

ta
lly

 in
se

rte
d.

 P
le

as
e 

us
e 

th
e 

pr
in

t v
er

si
on

 o
f t

hi
s 

pu
bl

ic
at

io
n 

as
 th

e 
au

th
or

ita
tiv

e 
ve

rs
io

n 
fo

r a
ttr

ib
ut

io
n.

Copyright © National Academy of Sciences. All rights reserved.

Learning to Change: Opportunities to Improve the Performance of Smaller Manufacturers
http://www.nap.edu/catalog/2239.html

http://www.nap.edu/catalog/2239.html


The committee believes that a positive evaluation of assistance
organizations should reflect financial success by their manufacturing clients.
The measures adopted, however, must be informed by the differences in
objectives, jurisdiction, and availability of quantitative and qualitative data for
each component of the system.

Furthermore, publicly funded assistance organizations should improve the
capabilities and infrastructure of the local and regional industrial economy and
not compete unfairly with or replace commercial sources of assistance. The
success of the assistance organization in accomplishing the development and
improvement of private sector capabilities can be measured by the growth in
numbers of service providers and the creation of easily identified linkages
among groups in the manufacturing community. In fact, a declining demand for
public sector assistance can be an indication of private sector self-sufficiency.

The complexity of performing effective evaluations of MTCs and other
industrial assistance programs should not be underestimated. Although an
independent advisory board with local membership, which is therefore
cognizant of local conditions, is the best approach to evaluation, issues such as
composition of the board, specific sources of information and questions to be
asked, and reasonable expectations all need to be addressed.

6. A consistent and coherent funding policy, accompanied by
appropriate metrics for evaluating performance, should be established to
assure a stable assistance environment.

Current MTC funding policies requiring local matching funds and
elimination of federal funding after six years can be counterproductive to the
goals of a national system of industrial assistance. There may be examples of
regions with significant industrial concentration that do not qualify for state
matching funds but nevertheless should have a MTC. Similarly, there may be
compelling circumstances in which priority should be given to regions of
geographic industrial concentration and demonstrated or special industry
needs, perhaps due to defense conversion or major trade adjustments (such as
NAFTA); these regions may or may not have access to matching funds. Federal
funding should be made available in such cases, though it is critical that specific
criteria be established for reducing matching-fund requirements.

Self-sufficiency is another difficult issue needing reassessment. Many of
the activities instrumental in improving the proficiency of smaller
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companies—facilitating networks, convening forums, supplying information,
encouraging practitioner interaction—do not generate adequate income to
sustain the organization. While it is reasonable to expect that the rigors of
market competition should be applied to the MTCs, self-sufficiency of the
programs is contingent on offering services for which manufacturers will pay;
in many but not all cases, these are services for which a private provider exists.
Therefore, self-sufficiency of MTCs, while not competing with the private
sector, has a low probability of success. Consequently reliance on user fees
alone is not an appropriate basis for supporting necessary assistance activities,
and continuing support should be available to manufacturing assistance
programs that meet the performance criteria for continued funding.

7. Periodic self-examination of all the elements of a national system for
manufacturing assistance is essential to remain flexible and adaptable in
the face of rapid changes in the manufacturing base.

Any assistance system must be able to examine its own effectiveness and
adjust specific objectives as circumstances change. Periodically, as the
economy, technology, needs of manufacturers, and the positive influence and
effects of the assistance program itself are felt, the specific objectives and
certainly the metrics for measuring performance need to be reviewed. The
issues that will challenge manufacturers in the future are not readily discerned
from the environment they face today, characterized by complexity,
interdependence, widespread availability of technology, and intense global
competition. Whatever kind of performance improvement system is designed
must, therefore, incorporate the means for evolving the services and delivery
mechanisms to accompany the new challenges and conditions that will confront
manufacturers. This system must provide an efficient means to respond in a
timely manner.

8. Long-term political support is essential.
An infrastructure to help significantly improve the manufacturing

competitiveness of smaller companies must have consistent support and
visibility in the political process that go beyond partisan politics. Manufacturers
will not support a program that is perceived to be the latest fad or an outlet for
political favors.
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Strong management of the federal effort is also essential. The Department
of Commerce has the appropriate background to understand the issues, to
formulate a coherent strategic vision, and to attract the necessary resources to
accomplish the national goal of strengthening U.S. manufacturers. The
Department of Commerce should be given responsibility for undertaking the
coordination and rationalization of the broad, and largely disjointed, federal
effort now under way to help American manufacturers improve their
performance and global competitiveness. It is crucial that the resources made
available for such improvements, whether through the MTC and other programs
at NIST, other programs in the Department of Commerce, or programs in the
Department of Defense and other agencies, be applied in an efficient and
rational manner. By recommending that the Department of Commerce be given
such a leadership role, the committee is drawing attention to the need to
maximize the benefits to the customers of these various government programs,
U.S. manufacturers.

Because the MTC program is, and will continue to be, a federal-state
partnership, and because state governments have been leaders in establishing
industrial assistance programs, the need to maintain state political support
cannot be understated. By helping to provide the regional and local input
essential to effective assistance programs, states play a critical role.

CONCLUSIONS

The majority of the committee concludes that, viewed in their totality,
existing sources of industrial assistance provide a portfolio of services to help
improve the competitiveness of smaller manufacturers. However, this existing
set of programs, institutions, and businesses is organizationally fragmented and
limited in scope of services and reach of clientele. Within this fragmented
network of assistance sources, the MTCs have begun to carve a niche that, at
least within their geographic regions, has brought some degree of order to the
community and has raised the awareness of smaller companies that useful help
is available. The MTCs are still experimenting with different mechanisms for
marketing, ensuring responsiveness to the local customer base, working with
other sources of assistance, and building the intercompany networks and
information resources that many smaller firms need. This process of
experimentation and learning should be encouraged, and the lessons broadly
disseminated. This is the only way to increase effectiveness in
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a necessarily diverse environment, and to keep expectations realistic, as the
MTC program is expanded and other initiatives begin in the context of a
national manufacturing assistance system.

Realistic expectations are critical to effective policy in this area. The
purpose of publicly provided technical assistance is not to absolve
manufacturers of responsibility for their success. And the intent of assistance
organizations is not to become a collection of subsidized consulting firms
competing with private sector providers. Rather, the goal should be to provide
immediate attention to the issues and problems that threaten survival of smaller
manufacturers by helping them manage the set of challenges with which they
are confronted: regulatory compliance, upgrading worker skills, assimilating
new technologies, meeting quality expectations, and organizational restructuring.

This broad set of challenges requires a diverse set of assistance programs.
Some companies may need help finding sources for appropriate work force
education and training. Some may need help identifying opportunities to
improve current production processes. Others may need help selecting vendors
and suppliers for new machinery, computers, and software, and some may need
help gathering the data and completing the documentation to support capital
investments and expansion. There will also be situations in which companies
will require more extensive hand-holding to learn how to use effectively the
modern methods and best practices they have been encouraged to adopt and the
technologies in which they have invested.

The public policy objective should be to provide the means and motivation
for companies to build their own capacity for finding and using improved
business and production methods and for sustaining an awareness of new
technology and market information. In the long-term, public support should
create an environment in which companies can learn to help themselves and
encourage the growth and development of private sector resources by
identifying needs, defining appropriate services, and strengthening market
efficacy.
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6

Minority Opinion

Mr. Robert A. Pritzker and Mr. Paul D. Rimington, as members of the
Committee to Assess Barriers and Opportunities to Improve Manufacturing at
Small and Medium-Sized Companies, disagree with the opinions of the
committee majority that a national industrial assistance system is justified. To a
large degree, the disagreement is ideological. However, it was not until late in
the project that we discovered a mutual belief that federal government
intervention or ''help'' is more costly and less efficient than natural market
forces. Our view did not alter the project schedule or goals (1) to identify major
barriers, (2) to determine the means to overcome those barriers in the context of
the NIST Manufacturing Technology Centers, and (3) to identify how the
MTCs could best be focused. As a result, our minority opinion was not the basis
for any fact finding related to the project.

In their opinion, the committee's charge implies that there is a need for a
national policy. The minority opinion feels strongly that this report should not
be treated as a blanket endorsement of a national industrial policy. Our
interpretation of the results is to resist the temptation of a national cure-all.

Although our minority opinion is not written based on the data gathered, it
does provide an alternative perspective derived from substantial industrial
experience and expertise and also draws on our participation in committee
meetings, discussions during workshops with smaller manufacturers, and
conversations with Manufacturing Technology Center staff.

Our perspective is summarized in the following points:
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1.  Establishing public sector organizations to assist smaller
manufacturers is not an effective means of improving the
competitiveness of manufacturing in the United States. Sufficient
private sector resources are available to smaller manufacturers that are
willing to make the commitments necessary for improving their
competitive capabilities. These include, but are not limited to:
•   suppliers that are happy to demonstrate their new machines,

products, or technologies and teach buyers to use them;
•   customers, particularly larger ones, are more and more demanding of

high quality and will assist suppliers in various forms of quality
improvement. Even the second and third tier of suppliers are
influenced by the quality requirements of the subcontractors so that
one large customer can influence hundreds of smaller supplier firms.

•   industry groups, such as the thousands of trade associations in the
United States, sponsor seminars and meetings to discuss problems
unique to their industry and to educate their members;

•   consultants, in addition to large consulting firms such as Arthur
Anderson and McKinsey, there are thousands of very small firms
with modest costs but great expertise;

•   universities and community colleges, besides working directly with
companies, also furnish individuals who provide direct consulting
services, hold seminars and classes, and offer other forms of
assistance to smaller firms;

•   published materials, as a source of information about new activities,
already exceed the time business people have available to read and
digest; about the last thing they need is to receive more of these
mailings.

•   special business groups, such as the Young Presidents' Organization,
disseminate considerable information to smaller businesses; and

•   professional societies such as the Society of Manufacturing
Engineers (SME), American Society of Mechanical Engineers
(ASME), and so forth.

2.  The Manufacturing Technology Centers (MTCs) have not proven
their ability to substantially influence the overall competitive
performance of U.S. industry. There is a dearth of metrics for properly
evaluating the success of this and other federal and state funding spent
to date. The MTCs are a series of small-scale experiments investigating
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various ways of assisting manufacturing companies, but anecdotal
evidence should not be the sole basis on which to conclude that they
have demonstrated that they are the best means of improving the
competitiveness of U.S. manufacturing companies.

3.  There is insufficient talent available to the public sector for 
adequately staffing a national system of manufacturing assistance. It
is likely that those people initially employed and trained by the
assistance centers would subsequently be hired by companies offering
higher wages and benefits.

4.  The MTCs would constantly be in doubt as to long-term survival.
The MTC program would be extremely expensive and we believe that it
would have great difficulty securing the local components of the funding
for long periods.

5.  The MTCs tend to be in direct competition with small consulting 
companies. We believe the government does not wish to compete with
private sector service providers but the present structure of the MTCs
encourages such competition.

6.  MTCs are not a particularly good manner of achieving technology 
transfer. It is difficult for the government to know what is the best
technology for a given situation, and if the small businessperson does
not know much about the appropriate technology, the project is likely
doomed.

7.  MTCs offer no help in alleviating the regulatory burden of
manufacturers. The single biggest assistance that government could
provide to manufacturers is to reduce the amount of regulation to which
smaller manufacturers are subject and really incapable of handling.
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A 

Manufacturing Establishments

 

by Size
and State

The two tables in this appendix summarize "Number of Employees" data
from the Bureau of Census, County Business Patterns. The tables contain the
number of establishments grouped by size of employment. For example, cells
under the column heading "1–4 means the total number of establishments in a
particular state that has at least one employee and no more than four employees.
The "Percentage of Establishments" columns reflects the distribution of the
facilities according to the same size groupings.

Each table is arranged in order of the total number of manufacturing
establishments in each state from highest to lowest totals. The "Change 80–90"
reflects percentage changes during the period 1980–1990 in the number of
establishments according to the size groupings of employees, and the change in
proportion of the total that each size category represents. Table 2 consolidates
the three smallest size groupings shown in Table 1.
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B 

Selected

 

State and Local

 

Programs

Many state programs, such as the Quality Management Consortia program
at the University of Texas at Austin, rely largely upon university teaching
faculty, with some assistance from students at the graduate or undergraduate
level. Others, such as those at the Georgia Institute of Technology or
PENNTAP at the Pennsylvania State University, have full-time staff devoted to
business and technical assistance; they rely on faculty or students only when
appropriate. These three programs are briefly described here to demonstrate the
range of models followed by states and universities to assist manufacturers in
their states.

QUALITY MANAGEMENT CONSORTIA (QMC)

A somewhat different assistance strategy was recently organized (June
1992) at the University of Texas at Austin. The Quality Management Consortia
(QMC) focuses on providing education in, and deployment of, quality
principles and programs in smaller manufacturing and high-technology service
organizations. The QMC is a joint program of the Graduate School of Business
and College of Engineering, and is based on the concept of grouping companies
together in a consortium for shared formal learning experiences and for
continued sharing of knowledge and experience through networking. Each
consortium is a group of 12 to 15 small and medium-sized companies who
commit to a two-year program of on-campus education and on-site
implementation of total quality management concepts. Every year each
company contributes a
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significant amount of funds, based on a formula relating sales and number of
employees, to the program. Every month the companies each receive a
minimum of 50 hours of implementation assistance by graduate business and
engineering students who are paired in teams to provide the assistance. These
teams offer a balance of business practice and technology implementation skills
to improve the performance of the participating manufacturers. In addition to
classroom education and training, and student implementation assistance, each
company receives consulting visits by faculty and other professionals. The
projects undertaken by the graduate student assistance teams have concentrated
on evaluation and analysis of production processes and accompanying
management procedures, development of training programs for professional
staff, and creation of strategic planning processes. These activities reflect the
management emphasis of the program, rather than the traditional engineering
type of problems undertaken by university technical assistance programs.

GEORGIA TECH INDUSTRIAL EXTENSION SERVICE

The Industrial Extension Service (IES) at the Georgia Institute of
Technology is one of the oldest programs based on the concepts of industrial
extension and technical assistance. Created by the Georgia Assembly in 1960,
the IES evolved from several Georgia Tech-based, federal-and state-supported
programs. Two such programs were the Engineering Experiment Station (today
the Georgia Tech Research Institute) which focused its energies on industrial
research projects and development of accompanying technologies, and the
Industrial Development Branch which worked to attract industry to Georgia
communities by matching the needs of target industries with the resources of
specific industrial sites. The first IES field office was opened in 1961, and
between 1964 and 1966 an additional six offices were established to bring the
''problem-solving skills of IES much closer to the communities and industries
they served.'' Today, IES has a network of twelve field offices from which
technical professionals provide industrial problem-solving skills to smaller
firms, primarily rural based. In 1988 the industrial extension program provided
nearly 1000 firm-specific assists, as well as providing support for community
economic development and information requests. About 70 percent of the
problems are solved directly by the field staff. For the rest, the field agents help
the clients secure the proper expertise or assistance from Georgia Tech, the
private
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sector, or other state or federally funded efforts. The field staff are
predominately engineering professionals with business experience and training
(Shapira, 1990c).

PENNSYLVANIA TECHNICAL ASSISTANCE
PROGRAM (PENNTAP)

Pennsylvania established the PENNTAP industrial technology extension
service in 1965 to provide engineering and technical assistance to all types of
business and industry (not just manufacturing concerns) throughout the state. It
has concentrated, as do most technical assistance programs, on those firms that
do not have or cannot financially justify full-time engineers or have the time to
resolve technical problems inhouse. The technological designation has been
broadly applied to problems of smaller firms: helping them select appropriate
technologies for new or upgraded products, suggesting changes to increase
process efficiencies, and providing linkages to other economic development
assistance providers. PENNTAP does not solicit clients, and its services are
provided at no cost to firms throughout Pennsylvania. The number of full-time
PENNTAP employees is surprisingly small. One engineer is based at each of
four Pennsylvania state universities in the primary manufacturing regions of the
state, and two technical specialists and a librarian are located at University Park.
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C

 Federal Register Notice and Procedure
for MTC Selection

C FEDERAL REGISTER NOTICE  AND PROCEDURE FOR  MTC  SELECTION 113
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