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EXECUTIVE SUMMARY

An important determinant of the ability of West Virginia manufacturers to compete in
regional, national, and international markets is the modernization of their production
technologies. This report takes a closer look at this issue by using information from recent
studies and data obtained from a 1993 survey of state manufacturers' technology use. It
documents changes in the state economic, manufacturing, and technological climates,
identifies reasons for disparities in new technology usage, and examines the types of new
technologies adopted by West Virginia manufacturers. In addition, it looks at why state
manufacturers are not adopting new technologies, their future plans for technology usage,
their sources for information and assistance about new technologies, the extent of their
training, networking, and research and development activities, and their technology
assistance needs.

The backdrop for this report is a manufacturing sector that has struggled in recent
years. West Virginia manufacturing employment and earnings declined precipitously during
the 1980s. These losses were particularly harsh in those high wage sectors that have
formed the bedrock of state manufacturing (such as stone, glass, and clay products, primary
metals, and chemicals) and in those industrialized urban areas of the state that were
specialized in these industries (e.g., the northern panhandle and the Charleston-Huntington
metropolitan areas). Although the reasons for this decline are complex and linked to the
decline of other industries in the state {such as coal mining) and industries in the Great
Lakes area (e.g., automotive, machinery), a substantial effort is being made to revive
manufacturing production in the state. Transferring information about new manufacturing
processes and technologies to small and medium-sized firms is an important component of
state assistance.

Results obtained from the survey reported here provide an inventory of the
technological capabilities of West Virginia manufacturers and suggest ways in which such
technological transfer assistance might be targeted to improve plant modernization. For
most new manufacturing technologies, West Virginia plants lag substantially behind other
regions. This deficit may be attributed to several factors that have been found important in
nation-wide surveys of technology adoption. First, West Virginia contains a manufacturing
base made up disproportionately of industries that are less likely to adopt new technologies.
Second, West Virginia manufacturers are, on average, slightly smaller than those in the
entire U.S. Third, West Virginia is a predominately rural state with no sizable urban centers
and limited research and development activities. Therefore, technological information from
research laboratories and best-use manufacturing plants located in larger metropolitan areas
takes longer to diffuse into the state.

These same factors (industry, size, and regional context) help to explain a
substantial portion of variation in overall levels of new technology adoption among plants
within the state. Holding all else constant, farger plants located in counties with a large
manufacturing sector and producing products in long production runs are more likely to
adopt more new manufacturing technologies than other types of plants. Yet, the most
important factors in the technology adoption decision appear to be plant and industry level
factors rather than intra-state regional factors. Other prominent determinants of technology
adoption are the export orientation of the plant, its ownership status, and the presence of
formal employee training programs. That is to say, plants that produce for local markets,
independently owned plants, and plants without formal employee training programs are less
likely to adopt new technologies than other types of plants. These same variables influence
the decision to adopt specific technologies, but their importance varies from technology to
technology. For instance, long production run manufacturing shows the strongest
association with automated handling systems, computer integrated manufacturing, and



various organizational technologies, while batch production is more strongly associated with
the adoption of numerical control and computerized numerical control machines.

When asked about their uses of specific technologies in the 1993 survey, West
Virginia plants favor "off-the-shelf best practice" hardware-based technologies and
organizational technologies over more expensive "leading-edge state-of-the-art” technologies
such as robotics and flexible manufacturing systems. Approximately two-thirds of the
plants surveyed use personal computers for nonmanufacturing purposes {e.g., clerical work
and inventory). Approximately one-half are using production, planning, and inventory
control software and employee involvement programs. One-third use Total Quality
Management, statistical process control, programmable controllers, and computer-aided
design or engineering. The new technologies most likely to be adopted in the future are
primarily organizational technologies such as computer software, Total Quality Management,
and intercompany networks. New technology adoption has increased slightly since a similar
technology use survey was conducted in 1989. Plants were more likely to use
programmable process controllers, automated material handling, workforce training, and
conduct research and development activities. However, the uses of other technologies
leveled off or declined.

Plants see several obstacles to increased investment in new technologies. Most
frequently, plants indicated that technologies were not affordable given current business
conditions. They viewed informational inadequacies, such as the poor quality of information
obtained from private consultants, staff training, poor technical support, and lack of
information about new technologies as additional hindrances. However, insufficient
government assistance or the inapplicability of new technologies were not rated serious
barriers to technology investment. These answers are consistent with subsequent survey
replies in which plants indicated that they rely on primarily private informational sources
such as customers of products and equipment vendors rather than print media, conferences,
or government sources. Only 7 percent of West Virginia manufacturers have received
technology assistance from public agencies in the last two years. In part, these relatively
low figures may reflect a lack of knowledge about services that are available. Only about
one-half of West Virginia manufacturers are aware that resources such as the Robert C.
Byrd Institute or the West Virginia University Industrial Extension Service exist. Only a
fraction of these respondents are aware of the types of services provided by these units.

The survey found that most plants would find some form of technological assistance
and worker training useful for improving their manufacturing competitiveness. Advising
about health, safety, and environmental problems was rated as the most useful service.
Identifying new markets, improving or solving problems with existing equipment, and
training for quality control or statistical process control were also rated highly by survey
participants. Although only a fraction of respondents were involved in intercompany
networks, most indicated that they might find such networks useful. Finally, many plants
indicated that both management and labor would benefit from further education and
training. Contrary to the conventional wisdom, West Virginia manufacturers are more
concerned with the lack of technical labor skills rather than basic skills, and they often view
managerial workforce inadequacies as more serious hindrances than labor workforce
capabilities.

This report concludes that there may be a role for further government assistance in
encouraging plant modernization. Although existing programs have not yet created
measurable changes in overall technology use by West Virginia plants, they have been too
small and short in duration to permit a full-blown evaluation. Therefore, we must rely on
evaluations of programs conducted elsewhere. Three programs are receiving increasing
attention from economic development specialists and may deserve additional support. One



program is to directly provide technology assistance to small and medium-sized plants in
order to improve the diffusion of new technologies to and within the state (several such
programs already exist within the state of West Virginia). This report recommends that
these services be focused in areas that manufacturers desire and offer the highest rate of
return (such as business assistance and assistance with organizational technologies).
Another idea is to provide additional public provided training support and apprenticeships.
This report recommends that efforts be oriented less toward improving basic skills and more
toward upgrading technical and managerial skills. Finally, economic development specialists
favor the creation of manufacturing districts and interfirm cooperation to improve the
diffusion of best-use practices and permit plants to share high overhead costs of production.
According to the results reported here, close proximity to other manufacturers and customer
assistance contribute to plant modernization. While formal manufacturing networks are not
yet important determinants of technology use, they may play an increasingly important role
in technology adoption decisions as more manufacturers participate.



1. Introduction

An important determinant of the ability of West Virginia manufacturers to compete in
regional, national, and international markets is the modernization of their manufacturing
technologies. This issue has received increasing attention from economic development specialists
and federal and state policymakers (Branscomb 1993), and a large literature in planning, geography,
and economics has accumulated. This report is written to provide decision makers with an
understanding of the factors that affect the technology choices of manufacturers within West
Virginia. It draws substantially from recent national and international studies and a survey
conducted in the Summer of 1993 by the Regional Research Institute. The survey, sent to 929
manufacturers in selected industries within the state of West Virginia, complements a similar survey
conducted in 1989 (Shapira and Geiger 1990a, 1990b). It asks plants about their usage of new
manufacturing technologies, their perceptions of current technology assistance programs, their
reasons for not adopting new technologies, and their technology assistance needs for the future.

This report is divided into several sections. The next section helps to provide context for
this study by documenting changes in the state economic, manufacturing, and technological
climates in recent years. It is based, in part, on recent government data for employment and
earnings and the 1989 Survey of Technology Use. Section 3 identifies explanations for observing
differences among manufacturers in technology use. It is argued that technology adoption is related
to a variety of plant-level factors, industry factors, regional factors, and macroeconomic conditions.
Section 4 outlines the research design and survey sampling method used for the new technology
use survey. Section 5 presents the results of the survey for each of the major survey questions and
analyzes the responses. It compares plant technology choices by stratifying the responses into
several categories and performing multivariate regression analyses. In addition, it examines why
state manufacturers are not adopting new technologies, their future plans for technology use, their
sources for information and assistance about new technologies, the extent of their training,
networking, and research and development activities, changes in their levels of technology use, and
future technology assistance needs. The report concludes with a summary and policy suggestions.

2. The West Virginia Economy
2.1 The Economic Environment

Located in the ridge and valley and Allegheny plateau regions of the Appalachian mountains,
West Virginia has long been recognized as one of the nation's most economically lagging states. |t
ranks near the bottom on most socioeconomic indicators (including 49th in per capita personal
income and 45th in poverty) and the unemployment rate often hovers around double digits (see
table 2.1). It is one of the least economically diversified of the 50 states, and, as a result, is
extremely sensitive to the fortunes of particular industries such as mining and individual
manufacturing industries. This lack of industrial diversification, uncompetitive industries,
underdeveloped human resources, and poorly conceived economic development policy are
sometimes blamed for its recent poor economic performance. The 1980s were a particularly
difficult time for the state as its population fell 8 percent. This drop was caused by a large erosion
in the state's industrial base, including mining, manufacturing, and transportation and public utilities
{see figure 2.1). Employment losses were concentrated in the southern coal regions and the heavily
industrialized northern panhandle (see figure 2.2).

Not all of the economic news of the 1980s was bad. During the decade, the state
experienced dramatic growth in tertiary sectors such as services, retail trade, and finance,
insurance, and real estate. As a result, the state's economic base became more diversified and less
sensitive to changes in mining and manufacturing. Moreover, even among the rapidly retrenching
industries in the manufacturing and transportation, communications, and public utilities sectors,
there were a few success stories such as wood products manufacturing and coal powered



Table 2.1 SELECTED SOCIOECONOMIC CHARACTERISTICS, U.S. STATES

Per Capita Income Poverty Rate Unemployment Rate
1991 1990 1991
UNITED STATES 19,092 13.5 6.7

ALABAMA 15,5618 (42) 19.2 (46) 7.2 (37)
ALASKA 21,067 ( 8) 11.4 (21) 8.6 (45)
ARIZONA 16,579 (35) 13.7 (31) 5.7 (14)
ARKANSAS 14,629 (47) 19.6 (47) 7.3 (40}
CALIFORNIA 20,847 ( 9) 13.9 (33) 7.5 (44)
COLORADO 19,358 {15) 13.7 (32) 5 ( 9)
CONNECTICUT 26,022 (1 6 { 1) 6.7 (30)
DELAWARE 20,816 {(10) 6.9 ( 3) 6.2 (21)
FLORIDA 18,992 (19) 14.4 (36) 7.3 (41)
GEORGIA 17,436 (29) 15.8 (39) 5 ( 8)
HAWAII 21,190 (7) 11 (18) 2.8 { 2)
IDAHO 15,333 (44) 14.9 (37) 6.1 (20)
ILLINOIS 20,731 (11} 13.7 (30) 7.1 (35)
INDIANA 17,179 (32) 13 (24) 5.9 (18)
IOWA 17,296 (30) 10.4 (14) 4.6 { 6)
KANSAS 18,322 (21} 10.3 (12) 4.4 { 5)
KENTUCKY 15,626 (39) 17.3 (44) 7.4 (42)
LOUISIANA 15,046 (45) 23.6 (49) 7.1 (36)
MAINE 17,454 (28} 13.1 (26) 7.5 (43)
MARYLAND 22,189 { b) 9.9 11 5.9 (17)
MASSACHUSETTS 23,003 ( 3) 10.7 (15) 9 (48)
MICHIGAN 18,655 (20} 14.3 (34) 9.2 (49)
MINNESOTA 19,125 (18) 12 (23) 5.1 (11}
MISSISSIPPI 13,328 (50) 25.7 (50) 8.6 47)
MISSOURI 17,928 (24) 13.4 (28) 6.6 (29)
MONTANA 15,675 (38) 16.3 (42) 6.9 (33)
NEBRASKA 17,718 (26) 10.3 (13) 2.7 (1)
NEVADA 19,783 (13) 9.8 (10) 5.5 (13)
NEW HAMPSHIRE 21,760 ( 6) 6.3 ( 2) 7.2 (38)
NEW JERSEY 25,666 { 2) 9.2 ( 8) 6.6 (28)
NEW MEXICO 14,644 (46) 20.9 (48) 6.9 (34)
NEW YORK 22,471 {( 4) 14.3 (35) 7.2 (39)
NORTH CAROLINA 16,853 (34) 13 (25) 5.8 (15)
NORTH DAKOTA 15,605 (40) 13.7 (29) 4.1 { 4)
OHIO 17,770 (25) 11.5 (22) 6.4 (24)
OKLAHOMA 15,541 41) 15.6 (38) 6.7 (31)
OREGON 17,575 (27) 9.2 ( 7) 6 (19)
PENNSYLVANIA 19,306 (16) 11 {(17) 6.9 (32)
RHODE ISLAND 19,207 (17} 7.5 ( 4) 8.5 (46)
SOUTH CAROLINA 15,467 (43) 16.2 41 6.2 (22)
SOUTH DAKOTA 16,071 (37) 13.3 (27) 3.4 ( 3)
TENNESSEE 16,486 (36) 16.9 (43) 6.6 (26)
TEXAS 17,230 {31) 156.9 (40) 6.6 (27)
UTAH 14,625 (48) 8.2 ( 5) 4.9 (7)
VERMONT 17,997 (22) 10.9 (16) 6.4 (25)
VIRGINIA 20,082 {(12) 111 (20) 5.8 (16)
WASHINGTON 19,484 (14) 8.9 ( 6) 6.3 (23)
WEST VIRGINIA 14,301 (49) 18.1 (45) 10.5 (50)
WISCONSIN 17,939 (23) 9.3 { 9) 5.4 (12)
WYOMING 16,937 (33) 11 (19) 5.1 (10)

Sources: U.S. Bureau of the Census, Statistical Abstract of the United States: 1992 (112 edition.) Washington,
DC, 1992: Bureau of Economic Analysis, 1993. Regional Economic Information System. Washington, DC.
Ranks are shown in parentheses.
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electricity generation. Announcements of new federal facility relocations in West Virginia, such as
the Federal Bureau of Investigation fingerprinting center in Clarksburg and Bureau of Public Debt in
Martinsburg, contributed to renewed optimism about the state's economy. This optimism was
further buoyed by recent economic data releases which point to a stabilization and possible
turnaround in state economic activity. The population decline of the previous decade was halted,
and the employment picture began to stabilize. Recent economic forecasts made by the Bureau of
Business Research at West Virginia University predict more robust growth in the state economy
through the 1990s (see figure 2.1).

2.2 The Manufacturing Environment

Compared to other predominantly rural states, West Virginia has a relatively large
manufacturing economic base (see figure 2.3). However, in 1991 it ranked only 34th overall in the
percentage of total employment in manufacturing. State manufacturing is relatively specialized in
certain industries according to employment location quotients calculated for 1991. Employment
location quotients are calculated by dividing the proportion of West Virginia employment in a given
industry by the proportion of national employment in the same industry of total national
employment. A location quotient greater than one indicates specialization for that particular
industry. As Appendix A.1 shows, West Virginia manufacturing is more specialized in resource
intensive industries such as chemicals, stone, glass, and clay, lumber and wood products, primary
metals, and leather products and is underrepresented in "high tech” industries such as machinery
and computer equipment and electronic equipment. Also, manufacturing establishments tend to be
smaller than the U.S. average (see figure 2.4). Within the state, the largest concentrations of
manufacturing jobs (see figure 2.5) are around the cities in the south (e.g., Huntington and
Charleston), west (Parkersburg), and northern panhandle (e.g., Wheeling and Weirton).

During the past two decades, West Virginia manufacturing employment declined faster than
all but three states, falling approximately 35 percent in the period 1969-91 (compared to a drop of
7.5 percent for the U.S. as a whole -- see figure 2.6). From a geographical perspective, it is part of
the Northeast and Great Lakes older industrial region (e.g., Ohio, Michigan, Pennsylvania, and New
York) rather than the new southern industrial region {e.g., Kentucky, Virginia, Tennessee, North
Carolina, South Carolina, and Georgia). The losses in state manufacturing were broad-based, but
particularly harsh in those high wage sectors that have formed the bedrock of state manufacturing
{see figure 2.7). The losses were also concentrated regionally, affecting the heavily industrialized
northern and southern parts of the state more severely than other sections (see figure 2.8). While
manufacturing employment gains occurred in the 1980s and 90s, they were concentrated in lower
wage industries such as wood products manufacturing and in sparsely populated eastern counties.
These additional jobs were not enough to offset the much larger employment losses from the
state's big employers. State economic forecasts predict further decline in the state manufacturing
sector, but not at the advanced rate that occurred in the 1980s (see figure 2.1).

2.3 The Technological Environment

In a 1989 survey, Shapira and Geiger (1990a, 1990b) found that West Virginia's durable
manufacturers lagged behind the rest of the nation and other industrialized nations in the use of
new technologies. They also showed that technological adoption within West Virginia varied by
size of plant, type of industry, and geographical location. Technology adoption rates were found to
be, on average, higher in larger sized establishments than smaller establishments and higher for
plants located in the Ohio Valley and the eastern panhandle than plants located in the rest of the
state. Also, new technology use was lower in wood processing industries than metal processing
industries where many of the technologies have wider applicability.

When new technologies were adopted by West Virginia manufacturers, they were most
likely to be personal computers and software for production planning and inventory control. Only
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about one-quarter of all establishments used some degree of automated manufacturing in their
production processes. These new computerized technologies were most often computer-aided
design/engineering and computerized numerical control machines. One-quarter of all firms used
just-in-time delivery to customers and slightly less required the same delivery relationship from
suppliers. The least used technologies (adopted by less than 10 percent of survey respondents)
were hardware-based technologies such as automated material handiing and flexible manufacturing
systems and organizationa! technologies such as statistical process control and workforce training
programs.

When asked about their future plans for technology use, about one-quarter of survey
respondents indicated that they planned to obtain production planning or inventory control software
and use personal computers on their manufacturing floors. However, other hard and soft
technologies were cited far less frequently, with 10 percent or less of respondents planning to use
computer aided design/engineering, numerical control machines, computerized numerical control
machines, sensor-based technologies, automated material handling, flexible manufacturing systems,
robotics, just-in-time delivery, and statistical process control. Leading reasons for not adopting new
technologies were a lack of financial resources, lack of employee skills, and the incompatibility of
the existing plant or work flow with advanced technologies. About 10 percent of firms indicated
that limited information about new technologies and poor vendor technical support were barriers to
adopting new technologies. Many of the plants responded that customers, advertisements, and
trade shows were their most important sources of information about new manufacturing
technologies. Less than 10 percent cited federal, state, or local government as "very important™ or
"somewhat important” sources of information.

Since this survey was conducted, several developments in technology policy have affected
West Virginia's technological environment. At the state level, technology and training initiatives
have been launched by the Governor, including the Technology Reinvestment Project (TRP), a
Flexible Manufacturing Network team, and the Governor's Guaranteed Work Force Program. An
important participant in these programs is the West Virginia University Industrial Extension Service,
which was created in 1991. Partly modeled on the Georgia Institute of Technology Industrial
Extension Service, it employees several field engineers who work one-on-one and cooperatively with
state manufacturers to assist plant modernization. As of May 1993, at least 32 establishments had
received assistance from the Industrial Extension Service.

A broad spectrum of relatively new public-private programs has also been created. The
Robert C. Byrd Institute for Advanced Flexible Manufacturing Systems, located at Marshall
University in Huntington, was opened in 1989. The Institute provides facilities for training students,
industry, and government in advanced technologies, demonstrates advanced technologies, and
assists regional manufacturers in technology transfer and research and development. The
Consortium for Manufacturing Competitiveness, created by the Southern Technology Council of the
Southern Growth Policies Board, is partially funded by the Appalachian Regional Commission {ARC).
It consists of a network of engineers and technology demonstration centers based at community
colleges throughout a 14 state region, including a branch at West Virginia University at Parkersburg.
Other federally and private sponsored technology outreach programs that are assisting West Virginia
manufacturers are the National Technology Transfer Center (NTTC) located at Wheeling Jesuit
Coliege, the NASA Technical Application Centers (the nearest one is located in Pittsburgh,
Pennsylvania), the National Institute of Standards and Technology (NIST) Manufacturing Technology
Centers (the nearest one is located in Cleveland, Ohio), and 2 centers that target wood products
manufacturers, the Appalachian Hardwood Center located at West Virginia University and the
Advanced Hardwood Processing and Technical Resource Center located in Princeton, West Virginia.



3. Determinants of Technology Adoption

Several theories from the social sciences suggest factors that may influence a
manufacturer's decision to adopt new technologies. These theories are encapsulated here in order
to give an idea of the patterns that may appear when studying the technological adoption practices
of manufacturing plants in West Virginia. Vintage capital theories highlight the role of replacement
decisions on technology adoption. These theories argue that firms are more likely to invest in new
technology when existing equipment depreciates. They predict that newer firms are more likely to
adopt new hardware technologies than older firms and that very old plants are more likely to adopt
new hardware technologies than middle aged plants (because they have more depreciated
equipment to replace). /nformation theories emphasize the importance of information costs on
technology adoption decisions. The more costly it is to obtain accurate information about a
particular new technology, the less likely a firm is to adopt it. One of the predictions of these
theories is that firms are more likely to adopt mature off-the-shelf technologies than newer untested
technologies. Human capital theories highlight the role of "externalities” in technology investment
decisions. One implication of these theories is that firms will tend to underinvest in training and
technology that may produce productivity benefits to the industry as a whole. This
underinvestment occurs because individual firms may not be able to recoup the full costs of their
investment in mobile factors of production. Therefore, one would expect firms to be more likely to
invest in specific training {training that is specific to the firm and cannot be transferred to other
firms) and less likely to offer general training, holding all other factors constant. Spatia/ diffusion
theories argue that distance is an important component in the cost of obtaining information about
new technology. These theories predict that plants located in more rural, non-metropolitan areas
are less likely to adopt new technologies than plants in urban and metropolitan areas, where
technological information is easier to obtain. /ndustrial organization theories emphasize the role of
market structure in technology adoption. These theories hold that plant ownership characteristics,
plant size, and industry characteristics will affect a plant's technological adoption behavior.
Managerial theories emphasize the importance of management characteristics. More dynamic and
better educated corporate management is hypothesized to be associated with greater risk-taking and
innovation. /ndustrial location theories explain changes in regional technological capabilities caused
by the opening of new plants or relocation of existing plants. These theories are important in
technology adoption studies because they highlight the role of locational amenities, urbanization,
transportation access, and other regional factors on the locational choices of innovative firms.
These theories often argue that rural areas are less likely to attract such firms because of their
comparatively poor locational characteristics. Business cycle theories argue that a firm's
technological capital investment behavior is influenced by (and, in some theories, influences)
macroeconomic business conditions. Firms are more likely to invest in capital intensive new
technologies in some periods of the business cycle than during other periods.

Many of the arguments summarized above are illustrated in figure 3.1. This diagram shows
that a manufacturer's use of new technology will be influenced by firm or plant characteristics,
regional characteristics, industry characteristics, macroeconomic conditions, and public policy. Each
of these categories is elaborated upon below, with examples of corroborating evidence from the
empirical literature.

Firm or Plant Characteristics

Most empirical studies of technology adoption focus on the role of firm or plant
characteristics. Frequently used plant characteristics are the size of the establishment (Mansfield
1963; Romeo 1975; Brown 1981; Benvignati 1982; Besant 1982; Rees et al. 1984; Hicks 1986;
Gillies and Kruzich 1988; Davelaar and Nijkamp 1989; Alderman and Davies 1990; Braga and
Willmore 1991; Britton 1991; Kelley and Brooks 1988, 1991; MacPherson 1992; Appold and Gant
1993), plant profitability or growth (Mansfield 1963; Davelaar and Nijkamp 1989; Braga and
Willmore 1991; MacPherson 1992), plant age (Besant 1982; Rees et al. 1984; Hicks 1986;
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MacPherson 1992; Appold and Gant 1993), and ownership characteristics (Globerman 1975; Rees
et al. 1984 Hicks 1986; Kraft 1989; Braga and Willmore 1991; Britton 1991; MacPherson 1992;
Tédtling 1991). These studies generally find that larger, growing, newer, branch owned plants are
more likely to adopt process technologies than smaller, less profitable, older, and locally-owned or
independent ones. Other frequently mentioned plant-level factors are workforce characteristics
{Mansfield 1963; Brown 1981; Besant 1982;Benvignati 1982; Hicks 1986; Kraft 1989, Kelley and
Brooks 1988, 1991; LeBrasseur and Nasierowski 1991; MacPherson 1992; National Academy of
Engineering 1992), reliance on outside information sources, and research and development effort
(Globerman 1975; Romeo 1975; Rees et al. 1984; Davelaar and Nijkamp 1989; Britton 1991; Kelley
and Brooks 1988, 1991; MacPherson 1988, 1992; Todtling 1991). These studies tend to find that
new technology use is positively associated with a better trained and educated workforce, greater
reliance on outside sources of information, and more in-plant research and development.

Industry Characteristics

Industry characteristics are another important determinant of technology use. However,
these factors have received less attention than plant-level characteristics. The most frequent
industry characteristic used in empirical work is the characteristic of the product produced (Besant
1982: Kraft 1989; Davelaar and Nijkamp 1989; Dieperink and Nijkamp 1988; Alderman and Davies
1990; Braga and Willmore 1991; Kelley and Brooks 1991; Lebrasseur and Nasierowski 1991;
MacPherson 1992; Oakey and O' Farrell 1992; Appold and Gant 1993). That is, plants that
manufacture products in industries for which particular technologies are better suited (e.g.,
computerized numerical control machines for batch-mode metal working industries) will exhibit a
higher level of technological adoption for that particular technology. Whether or not a product is
destined for export or defense-related markets will also affect plant technology choices (Kraft 1989;
Davelaar and Nijkamp 1989; Braga and Willmore 1991; MacPherson 1992). Producers for export
and defense are more likely to employ newer technologies. Another frequently used characteristic is
market competitiveness (Brown 1981; Benvignati 1982; Kraft 1989; Braga and Willmore 1991).
High market concentration (e.g., monopoly) will increase the amount of resources available for a
given firm to invest in new technologies, but, because of the lack of competitive pressures, it may
not have much incentive to do so. Low market concentration will increase the incentive to adopt
new technologies, but because of competitive market pressures, it may not have the resources to
invest. The empirical evidence for the role of market competitiveness on technology adoption is
mixed. Therefore, some analysts (Benvignati 1982) speculate that an intermediate market structure
is more conducive to technology adoption.

Regional Characteristics

Regional characteristics influence technological adoption through affecting locational and
technological expansion decisions. Among the most frequently mentioned factors are location vis-a-
vis larger cities (Rees et al. 1984; Brugger and Stuckey 1987; Dieperink and Nijkamp 1988; Kraft
1989:; Davelaar and Nijkamp 1989; Esparza 1990; Britton 1991; Tédtling 1991; Oakey and O’
Farrell 1992; Rosenfeld 1992a; Todtling 1992; Appold and Gant 1993), availability of capital from
local financial institutions (Gillies and Kruzich 1988; Kraft 1989), quality of transportation and
communication infrastructure, regional labor force characteristics, inter-industry linkages, locational
amenities, and land availability (Davelaar and Nijkamp 1989; Tédtling 1991). Most industrial
location studies support the hypothesis that regional characteristics are important determinants in
the locational decisions of high-technology manufacturing (Malecki 1989; Glasmeier 1991).
However, when the focus is on the technological adoption behavior of plants, regional
characteristics appear to be less important than either plant-level or industry characteristics.



Macroeconomic Conditions

Although many studies have considered the effects of technology adoption on
macroeconomic conditions, far fewer have examined the effects of macroeconomic conditions on
technology adoption decisions (Coombs, Saviotti, and Walsh 1987). Several different arguments
have been advanced. Brown {1957) argues that technology adoption is counter cyclical because
firms have a greater incentive to reduce production costs during lean times. Carter and Williams
(1957) argue that it is pro-cyclical because resources for new technology investment are greater
when the economy is growing. Occupying an intermediate position are Mansfield (1968) and
Benvignati (1982), who argue that technology adoption will be greatest during the intermediate
state of the business cycle. This occurs because "pessimistic conditions discourage the undertaking
of risky new ventures, while boom conditions monopolize a firm's resources so they cannot be
diverted to assimilating new machinery into the on-going operation” (Benvignati 1982).

Public Policy

Public policies at the federal, state, or local level have the potential to affect plant
technology adoption decisions. These policies may directly influence technology adoption by
decreasing the costs of new technologies (e.g., through taxation and finance policies), removing
legal and regulatory impediments to new technology, or reducing information costs (e.g., public
services such as technology assistance) or indirectly affecting technology adoption (for example, by
changing the composition of public expenditures for technology-intensive products such as military
hardware). The effects of such policies on plant technology adoption is less well known than the
variables discussed in the previous subsections. This statement is also true of technology
assistance programs, although some early evidence suggests that they may be effective in
stimulating firm innovation and improving business practices. For instance, in a recent unpublished
study, the industrial Technology Institute found that the benefits accruing to plants that participate
in industrial extension programs exceed the costs of such programs. Todtling (1991) reports that
plant contacts with University technical assistance programs enhanced the likelihood of plants
introducing computer-aided design. Marshall et al. {1993) find that training programs aimed at
British small and medium sized enterprises have resulted in substantial improvement in
"management, organization, and business performance.”

4. Research Design

When this study was begun, it had fundamentally two objectives. The first objective was to
update the 1989 survey on technological practices and support needs of West Virginia
manufacturing firms. The second objective was to provide additional helpful information on unmet
needs, geographical variations in technology adoption and needs within the state, perception and
use of present programs, and the design of effective future activities. These goals were
accomplished by conducting an extensive survey of 929 state manufacturers in the Summer of
1993. Details about survey design and implementation are described in the following sections.
Section 4.1 explains the sampling framework. Section 4.2 describes how the questionnaire was
designed. Section 4.3 outlines the methodology used for selecting and weighting survey responses.

4.1 Sampling Framework

The sample unit used in this survey is the establishment. An establishment is defined by the
U.S. Census Bureau as "a single physical location where business is conducted or where services or
industrial operations are performed.” Since industrial directories do not usually provide reliable
establishment-level coverage (Schwartz 1987; Halverson 1988), an establishment list for this
survey was compiled from several different sources (See Appendix B for further information). The
principal source was the West Virginia Manufacturing Directory {1992). This directory is published
biennially by the Harris Publishing Company and provides mailing addresses, contact persons, and



other basic information about establishments including size and product lines. The list provided
2,243 records. The West Virginia Manufacturers Register (1993) provided 302 records not found in
the Harris listing. Other sources were the West Virginia Development Office (b establishments not
listed elsewhere), local Chambers of Commerce or County Development Authorities (31
establishments), and the West Virginia University Industrial Extension Service (4 establishments).
Out of this list of 2,585 establishments, local Chambers of Commerce indicated that 31 were no
longer in business. Therefore, the final list contained 2,564 establishments.

This establishment list can be compared to establishment counts obtained from federal
government sources to evaluate its comprehensiveness. Comparable establishment data information
is available from the most recent issue of County Business Patterns (U.S. Department of Commerce,
Bureau of Census 1993), which is based on tax and regulatory records that firms are required by
law to provide. The total number of establishments given by the survey list {2,564) exceeds the
County Business Patterns tally (1,723). This result probably occurs for at least three reasons.

First, the County Business Patterns data is 2 years old. Therefore, it will not include newer
establishment formations. New establishments could be formed because of improved state
economic conditions and national trends within manufacturing working in favor of smaller and
medium sized operations. Second, establishment closures are less likely to be recognized by the
manufacturing directories upon which the survey sample is based than the County Business
Patterns data. Third, the survey list likely contains many duplicate records. Because of the
difficulty of ascertaining establishment information based from the directories, the tendency was to
err on the side of comprehensiveness and duplication rather than underrepresentation.

The survey sample obtained above was reduced further in size in order to accomplish three
separate goals for this project. First, the survey sample emphasizes establishments that are
targeted by the West Virginia University Industrial Extension Service (IES) for assistance. The
Industrial Extension Service targets plants that employ 10 or more people and fall into the Standard
Industrial Classification (SIC) categories shown in Appendix C, table C.1. These types of
establishments are more likely to invest in the types of technology assistance surveyed here and are
more likely "to face substantial adjustment difficulties as a result of continued import competition
and technological change" (MacPherson 1988). In addition, employment in these categories is a
substantial portion of state manufacturing employment and may have a significant effect on the
future overall state employment picture. Second, the survey sample includes establishments that
participated in the 1989 Survey of Technology Use. The 1989 survey included plants in all
employment size classes but had more limited industry coverage. Only plants in certain durable-
goods manufacturing industries (i.e., SICs 24, 25, 33, 34, 35, 36, 37, 38, and 39) were surveyed.
The 1989 respondents were included in this study in order to assess the progress of technology
adoption over time. Most of the 148 establishments that responded to the 1989 survey are
included in the Industrial Extension Service target group. Twenty-four were not because they
employed less than ten people. Third, the survey sample included 32 establishments that have
already received assistance from the Industrial Extension Service. Nine of these establishments are
unique (i.e., they are not also included in the former samples). They were included in the survey in
order to evaluate the performance of the Industrial Extension Service. Results obtained from this
complete third sample of plants are reported in another study.

4.2 Questionnaire Construction

The questionnaire used in this survey (see Appendix D) was drawn from several sources. It
drew heavily upon the 1989 questionnaire, since one of the goals of the project was to update the
1989 Technology Use Survey. In addition, several questions were borrowed (with permission) from
a survey conducted by the Consortium for Manufacturing Competitiveness (Rosenfeld 1990) to
study manufacturing technology use in the southern United States and a questionnaire used by
Shapira {(1990) to survey state industrial extension programs. The questionnaire also drew upon
surveys by the U.S. Department of Commerce (U.S. Department of Commerce 1989} and a



questionnaire designed by the Industrial Technology Institute in Ann Arbor, Michigan to evaluate
the metal forming industry.

4.3 Methodology

In July, 1993, a packet, each containing a questionnaire, personalized letter, duplicated
letter provided by the Director of Training and Technology Development in the West Virginia
Development Office {see Appendix D), and stamped, self-addressed envelope, was mailed to 929
manufacturing establishments falling into categories discussed in section 4.1. A follow-up was
made to each establishment. In August, a second follow-up mailing to approximately 600 non-
respondents and focused second phone calls were made to improve the representativeness of the
survey sample. The response to the survey was as follows :

IES Target Group 1989 Survey Respondents
Completed survey forms 299 85
Non-response 507 48
Returned undelivered, out-of business 32 11
Duplicate or multiple record in data base 15 1
No longer a manufacturing plant
Not an IES target group plant 76
Total 929 148

Note that 76 establishments were excluded from the IES target group sample because they did not
produce goods or services that could be classified into industries appearing in Appendix C or

because they had fewer than 10 employees. Three establishments which participated in the 1989
survey were excluded from the second sample because they were no longer manufacturing plants.

The response rate for each of these groups is calculated by dividing the number of
completed survey forms by the total number of active and properly classified establishments (i.e.,
the total minus out-of business plants, duplicate records, or non-targeted establishments).
Therefore, the response rate for the IES target group response rate is 37.1 percent, and the 1989
survey respondent group response rate is 63.9 percent.

An industry and employment size-class breakdown of the |IES target group is shown in table
4.1. The portion of the sample universe that responded to the survey is given in parentheses. The
table shows that the respondent group is biased in two significant respects. Smaller plants and
plants in the apparel and textile products, furniture and fixtures, and miscellaneous manufacturing
industries are underrepresented in this sample. Since scale of operation and product characteristics
are two very important determinants of technology use, a better approximation of state active
manufacturers' technological capabilities may be obtained by introducing a weighting scheme to
reflect the industrial and scale characteristics of active manufacturers The weighting system is
similar to the one used in Shapira and Geiger (1990a, 1990b). After stratifying the sample by
industry and establishment size, an expansion weight is calculated which is equivalent to the
reciprocal of the selection probability for each cell. Therefore, the questionnaire response for, say, a
small furniture manufacturer would be weighted more heavily in the tabulations than a large glass
manufacturer to calculate a state average. This weighting scheme was not used in the 1989-93
survey comparisons reported in section 5.7, however, since the primary goal of that analysis was to
measure changes in technology use rather than assess overall levels of technology use.



Table 4.1 Industry and Employment Size Characteristics of IES Target Survey Group

Establishments

Industry (SIC CODE)

Textile Mill Products (22)

Apparel and Textile Products made from Fabrics {23)
Lumber and Wood Products {except furniture) (24)
Furniture and Fixtures (25)

Paper and Allied Products (26)

Chemicals and Allied Products (28)

Rubber and Miscellaneous Products (30)

Stone, Clay, Glass, and Concrete Products {32)

Primary Metals (33)

Fabricated Metal Products (34)

Machinery (except electrical) (35)

Electrical and Electronic Machinery, Equipment and Supplies (36}
Transportation Equipment (37)

Measurement, Analyzing, and Controlling Instruments (38)
Miscellaneous Manufacturing Industries {39)
Miscellaneous Repair Services (73, 76)

Employment Size
0-9 Employees
10-99 Employees
100-249 Employees
250+ Employees

Number of

Responding

228
42
29

Percent of Active
Manufacturers
with 10 or more

employees

{66)
(21)
(34)
(27)
(46)
(41)
(42)
(49)
(49)
(35)
{35)
(40)
(41)
(63)
(24)
(38)

(34)
(44)
(66)



5. Data Analysis

This data analysis is divided into several sections. Section 5.1 assesses manufacturers’
uses of various new hardware-based and production system manufacturing technologies. Section
5.2 examines patterns of variation in plant technology adoption. Section 5.3 examines future plans
for technology use and the obstacles that plants identify as inhibiting new technology investment.
Section 5.4 evaluates the sources of information and assistance used by West Virginia
manufacturers. Section 5.5 examines research and development and training programs used by
plants and reports workforce training and education gaps. Section 5.6 compares West Virginia
survey results with national and international technology use surveys. Section 5.7 looks at changes
that have occurred in the use of new technology by plants that participated in both 1989 and 1993
surveys. Section 5.8 examines how plants perceive themselves in terms of their technological
capabilities, and section 5.9 evaluates the technology support needs of these same plants.

5.1 Use of Technology

Section A of the questionnaire {see Appendix D) asked plants about their use or plans for
using 14 hardware (i.e., "hard") and 6 production system (i.e., "soft") manufacturing technologies.
The tabulations from the 299 respondents are shown in table 5.1. The results are similar in many
respects to those obtained from the 1989 survey. They show that personal computers for non-
manufacturing uses are the most frequently used technology. The penetration rate for personal
computers is substantially lower than the previous survey, however, in large part because of the
expansion of the survey to include small textile and stone, clay, and glass manufacturers, many of
whom do not use personal computers.

The next most popular technologies are so-called soft technologies. As Shapira and Geiger
(1990a, 1990b) argue, plants have a stronger propensity to adopt soft technologies because of the
low capital investment required to implement them. Table 4.1 shows that software for production,
planning, and inventory control has been adopted by about half of the plants, 41 percent have
employee involvement programs, and Total Quality Management (TQM) has been implemented by
over one-third. Statistical process control and just-in-time delivery adoption are also relatively high
when compared to hardware manufacturing technology adoption. At the bottom of the list of
production system manufacturing technologies (but, still unexpectedly high} is participation in inter-
company computer networks which are used by one-fifth of all manufacturers.

Among hardware technologies used in manufacturing, design and development hardware
such as computer-aided design and computer-aided engineering are the most popular (with
approximately one-third of plants using these technologies). The next most frequently used
technologies are those which are adaptable to many manufacturing environments, including both
discrete and process manufacturing production. These include programmable controllers, personal
computers, automated material handling systems, sensors, and data collection devices. Numerical
control (NC) and computerized numerical control machines (CNC), which are more common in
discrete metalworking industries, showed much lower penetration rates. Lasers were used by few
firms outside of the wood products and metal working industries. The least used technologies are
the more expensive leading-edge technologies such as flexible manufacturing systems, computer-
integrated manufacturing, and robotics, which are used primarily by larger chemical and electrical
machinery manufacturers.

5.2 Determinants of Technology Use

The technology adoption behavior of West Virginia manufacturing plants appears to be very
sensitive to several variables identified by the theoretical and empirical literature review in section 3.
The following discussion initially follows the analysis of Rees et al. (1984) by disaggregating
technology use along the dimensions of industry, employment size, plant age, and plant location.
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Foilowing this presentation, and in order to assess more comprehensively the effect of plant,
industry, and regional characteristics on technology use, various exploratory multivariate regression
analyses are reported.

Industry

As the previous discussion indicated, different manufacturing processes often require
different technologies. Therefore, differences among industries in the adoption of particular new
technologies should be observed. Figure 5.1 and table 5.2 show that there are also substantial
differences in overall levels of technology use among manufacturing industries. Ranked first is the
chemical industry, which utilizes on average 9 total technologies. Although some of the
technologies surveyed are geared towards discrete rather than process manufacturing (for instance,
less than 10 percent of chemical manufacturers use numerical control or computer numerical control
machines), the chemical industry had a higher level of technological proficiency than metalworking
manufacturing industries. In part, this result may reflect a scale effect, since chemical industry
manufacturers {and survey respondents) tend to be much larger, on average than other
manufacturers. The next recognizable tiers of technology adopters are rubber, primary metals,
electrical machinery, and measurement instruments followed by transport equipment, paper,
fabricated metals, and stone, clay, and glass. These groups contain a mixture of larger process
manufacturers and discrete manufacturers for which many of the surveyed technologies are
especially suitable. Trailing the list are textiles, machinery, wood products, repair, and
miscellaneous manufacturing. Although the much lower levels of technology use in these industries
may reflect scale effects and the limited suitability of many of the technologies (for example, many
plants classified as "miscellaneous manufacturing” make handicrafts), marginal business practices
and spatial isolation may also be significant influences. Many of the establishments in these
industries have not adopted the most basic manufacturing technologies, such as personal
computers and production, planning, and inventory control software.

Scale

Another important characteristic of manufacturing plants that has a strong influence on
technology adoption behavior is the scale of operation. One should observe greater technology
adoption in larger plants for several reasons according to Mansfield (1963): (1) larger plants have
more financial resources to purchase new equipment, (2) larger plants are better able to spread the
risk of purchasing experimental technologies, (3) larger plants have access to more extensive inside
and outside information networks, and (4) larger firms operate on a scale that permits a "wider
range of operating conditions" and allows more manufacturing experimentation, and {5) larger firms
are more likely to have units of equipment that need replaced at any given point in time. The results
in table 5.3 strongly support this hypothesis. With the exception of computer integrated
manufacturing, each of the technologies listed is more likely to be adopted in a larger plant than a
smaller one.

Plant Age

According to table 5.3, new technology use also appears to be somewhat sensitive to the
age of the plant. Plants that have started operations in the last five years are more likely to adopt
specific hardware-based technologies such as computer integrated manufacturing, automated
material handling systems, and data collection devices than older plants. The association does not
appear to be linear, however, because plants in the 6-15 year old category are often less likely to
use specific technologies (e.g., shop-floor personal computers, programmable controllers, sensors,
automated material handling systems, computer aided design, computer aided engineering, robotics,
flexible manufacturing systems, computer integrated manufacturing) than either new plants or older
plants, giving credence to the argument by Benvignati (1982) that plants in an intermediate age
category are least likely to adopt new technologies. This pattern is much more pronounced in the
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area of "soft” technologies. Plants started in the last five years are much more likely to adopt
computer software, just-in-time delivery, employee involvement, and participate in inter company
networks. These results seem to suggest that the opportunities to improve technological
capabilities when aging equipment is replaced does not increase the likelihood of adopting new
organizational technologies.

Location

Differences in the location of plants within West Virginia may offer another explanation for
technological adoption behavior. Although many empirical studies have found regional effects to be
confounded with plant and industry level influences, diffusion of specific technologies from urban
areas has been documented in several instances. Figure 5.2 shows that there are substantial
regional differences in the average number of hard and soft technologies used by West Virginia
manufacturers. However, the spatial pattern is somewhat different than the one illustrated in
Shapira and Geiger {1990a), which showed the Ohio Valley and eastern panhandle to have the
highest average levels of technology use. The 1993 picture (expanded to include more industries
and additional hard and soft technologies) shows that the plants located in the Kanawha Valley, the
northern panhandle, and the Parkersburg Partnership for Progress Areas have relatively high levels
of technology use. The more rural parts of the state exhibit lower levels of plant technology use.
Peculiarly, the eastern panhandle, which is rapidly becoming functionally integrated with the
Washington, DC and Baltimore, MD metropolitan areas, exhibits one of the lowest average
technology use levels in the state. When aggregate technology use in broken into hard (figure 5.3)
and soft (figure 5.4) technology components, similar patterns are revealed. The Parkersburg region
and northern panhandle rank high on both types of technologies. However, it becomes clear that
the comparatively high levels of technology use in the region are due in large measure to the greater
use of soft technologies.

Table 5.4 provides additional support for the existence of a rural-urban dichotomy in state
manufacturing technology use. It shows that there are substantial (and statistically significant)
differences in levels of technology use between urban and rural counties. The geographical pattern
of technology use can also be characterized as following an rural-urban continuum, with regions in
closer proximity to metropolitan areas exhibiting higher average levels of plant technology use than
more spatially isolated regions. These differences are most significant for soft technologies. While
these results do not prove the existence of regional effects (the differences may reflect regional
differences in industrial structure, plant size, plant age, etc.), they provide a solid basis for
investigating the relationship further with multivariate statistical methods.

Alternative Models of West Virginia Technology Use

In order to examine more systematically the contribution made by the variables examined
above to plant technology adoption levels and to better understand the determinants of plant
technology use, some exploratory regression analyses are performed. The dependent variable in
each of the regressions reported in table 5.5 is an index of technology adoption obtained by
aggregating the number of hardware and production systems technologies adopted by a plant. Five
models are reported in this table: (1) a "basic" model which includes only a few variables that
represent industry, scale, plant age, and locational characteristics, (2) a model with multiple piant
level characteristics, (3) a model with multiple industry characteristics, (4) a model with multiple
locational (i.e., county) characteristics, and {5) a comprehensive model that has all of the variables
in models (2)-(4), in addition to a public policy variable that indicates whether or not a plant
received technology assistance from a public agency. Variable acronym definitions and the
hypothesized signs of the regression coefficients are provided in table 5.6.

The results obtained here lend additional credence to the less formal analysis reported
earlier. When scale (EMPLOY), industry characteristics (proxied by plant manufacturing processes,
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Table 5.4

REGIONAL DIFFERENCES IN TECHNOLOGY USE

Mean Number of Technologies Used

All
Technologies

Hard
Technologies

Soft Number
Technologies of Plants

Rural 3.459
Urban 4.817
t value and statistical significance 3.83*
Metropolitan 5.331
Adjacent to a Metropolitan Area 4.459
Not Adjacent to a Metropolitan Area 4.131
F Value and statistical significance 3.06**

(*** a=.01; ** aa=.05; * a=.10)

2.151
2.779
1.96

3.072
2.663
2.399
2.27

1.308 33

2.038 266
5.02**

2.258 121
1.796 40
1.731 138
2.77*%

Source: Survey of technology use in West Virginia manufacturing, 1993 (Regional Research
Institute, West Virginia University). Based on weighted responses from 299 manufacturers.



Table 5.5 REGRESSION RESULTS FOR MODELS OF TECHNOLOGY ADOPTION.

Basic Model

Intercept 4.3883***
Plant
EMPLOY
GROW
INDCOMP
UNION
NOTRAIN
AGE
LINKS
MFGPROC
ASSIST

0.0039***

-0.00561

Industry
TYPE1
TYPE2
TYPE3
TYPE4
TYPES
TYPE6
DEFENSE
EXPORT

-1.2885***
0.7368*
1.7054***
0.0677
1.8516***
1.2643

Region
ADJCODE
HWY
COLLEGE
EDHIGH
RMFG
RTOT
MFG

-0.6118**

Policy
TECHAID

R2 .34
Root MSE 5.37
Observations 277

Plant Model

5.1368***

0.0039***
-0.00156
-2.3887***
0.8432*
-2.0486%***
-0.0094
-0.0174
1.6054***
0.5079

44
4.97
258

(*o =.10, ** o =.0b, ***o =.01)

Industry Model

1.9101***

-1.1952***
0.8239*
1.5643***

-0.1709
1.8948%**
1.9476%**
0.0572**
0.0201***

.28
5.35
230

Region Model

0.7031

0.1378
-0.5580
-0.0001

0.0475
-0.0024

0.0099

0.0003**

.05
6.38
299

Extended Model

1.0933

0.0084***
-0.0016
-0.9379~*
0.4543
-1.4173%*
-0.0143
0.1493
0.3586
0.2979

-0.7723
0.7295
1.3596**

-0.2595
0.9350
1.2637**
0.0366
0.0205*

0.3998
-0.3936

0.0000
-0.0032
-0.0164
-0.0055

0.0003**

1.4547

.b3

2.96
202



Table 5.6 TECHNOLOGY USE DETERMINANTS, VARIABLE ACRONYMS, EXPECTED SIGNS AND DEFINITIONS

Dependent Variables

TECHVAR

Total number of new technologies used by plant (i.e., shop-floor personal computers

(PCMFG), personal computers for non-manufacturing purposes (PCNMFG), data collection devices (DATA),
numerical control machines (NC), computerized numerical control machines (CNC), programmable controllers
(PLC), automated in-process inspection or sensors (SEN), automated material handling system (AMHS),
computer-aided design (CAD), computer-aided engineering (CAE), robots (ROB), lasers {LAS), flexible
manufacturing system (FMS), computer-integrated manufacturing (CIM), production, planning, and inventory
control software (SOFT), statistical process control (SPC), Just-in-time delivery system (JIT), employee
involvement program (EIP), Total Quality Management {TQM), and intercompany computer networks (NET).

Independent Variables

Plant Characteristics

EMPLOY (+)
GROW (+)
INDCOMP {(-)
UNION (-)
NOTRAIN (-}

AGE (+/)
LINKS (+)
MFGPROC (+)

ASSIST (+)

Industry
TYPE1 (-)
TYPE2 (+)
TYPE3 (+)
TYPE4 (-}
TYPES (+)
TYPEG (+/-)
DEFENSE (+)
EXPORT (+)

Region
ADJCODE! (4

HWYZ (+)
COLLEGES (+)
EDHIGH? (+)
RMFGD (+)
RTOT® (+)
MFG® (+)

Policy
TECHAID (+)

Number of plant employees, 1993.

Growth rate of plant employment, 1989-93.

Ownership; INDCOMP =1 if plant is a independent plant, INDCOMP =0 if it is branch plant.
Employee Unionization; UNION =1 if employees are unionized, COMP =0 if not.

Plant formal training program, TRAIN =1 if plant has no program or plans for program,
TRAIN =0 if it does.

Age of plant.

Number of intercompany networks participated in (O<LINK< 7).

Manufacturing engineering and process improvement; MFGPROC =1 if it is performed at
plant, MFGPROC =0 if not.

Customer assistance, ASSIST =1 if major customers have assisted to improve quality or
solve technical problems, O if not.

Make parts or products one-at-a time to customers' orders (1 =YES, 0=NO).
Make products in batch runs of a few dozen to a few hundred (1 =YES', 0 =NO).
Make products in long production runs (1 =YES, 0=NO).

Process materials in small volumes (1 =YES, 0=NO).

Process materials in large volumes (1 =YES, O =NO).

Remanufacture or refurbish machines or parts (1 =YES, 0=NO).

Percentage of sales to Defense Department or defense subcontractors.
Percentage of plant sales outside of West Virginia.

Urban-rural code, ADJCODE =1 if plant is located in metropolitan county, ADJCODE =2 if
plant is located in county adjacent to metropolitan county, ADJCODE =3 if plant is located in
county that is not adjacent to metropolitan county,

Presence of interstate highway (HWY =1 if highway in county, HWY =0 if not).

Number of students enrolled in colleges or universities in county.

Percent of county adults (25 years and older) completing high school, 1990.

Rate of change in county manufacturing employment, 1982-91.

Rate of change in total county employment, 1982-91.

Total county manufacturing employment, 1991.

Technology assistance from WVU Industrial Extension Service. TECHAID =1 if plant has
received assistance and TECHAID =0 if it has not.

1 Source: U.S. Department of Agriculture, Economic Research Service, Rural-Urban Continuum Code, 1987.

Washington DC.

2 Source: U.S. Department of Transportation, Federal Highway Administration, 1987. Highway Performance
Monitoring System. Washington DC.

3 Source: Cass, J. and M. Birnbaum 1981. Comparative Guide to American Colleges. New York: Harper-Collins.
4 Source: U.S. Bureau of the Census, Statistical Abstract of the United States: 1992. Washington DC.

5 Source: Bureau of Economic Analysis, 1993. Regional Economic Information System. Washington, DC.
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TYPE1, TYPE2, TYPE3, TYPE4, TYPES, and TYPE6), age of plant (AGE), and plant location
(ADJCODE) are included in one regression equation, each has the expected effect on technology
use and only plant age is not statistically significant. Employment size, batch production processes,
and continuous production processes are positively associated with technology use. Plant age and
more rural locations are negatively related.

The second equation provides support for the hypothesis that plant level characteristics
have high explanatory power since the equation accounts for nearly half of the variation in
technology use. Employment scale (EMPLOY), ownership status (INDCOMP), use of formal training
programs (NOTRAIN), presence of manufacturing engineering and process and improvement
programs (MFGPROC) have the expected signs and are statistically significant. The finding that
plant age (AGE) is insignificant is not an unexpected result--it may merely reflect, as Benvignati
(1982) argues, the tendency of both newer and older plants to invest in new technologies. New
plants invest in new technologies as part of their start-up, and older plants are more likely to require
equipment which needs to be replaced. Plants in an intermediate category are then the least likely
to invest in new technologies. Plants that participate in manufacturing networks (LINKS) and plants
that have received assistance from major customers to improve quality or solve technical problems,
(ASSIST) do not appear to have any greater tendency to adopt new technologies than other plants.
However, when similar regressions are performed for the adoption of specific new technologies (see
below), some advantages for networking and assisted plants may be detected.

A few other findings are somewhat harder to explain. Plants without labor union
representation {(UNION) and plants with faster rates of employment change (GROW) have lower
levels of technology use. One possible explanation for the positive labor union association (which
has been found in a few other empirical studies) is that it proxies for a wage effect. Since unionized
workforces are paid more than non-unionized workforces, plants make an effort to economize on
labor by substituting new technologies. The growth (GROW) finding was also unexpectedly
negative and suggests that new technologies and labor may be substitutes in production rather than
complements.

The industry model indicates that industry characteristics also have a bearing on plant
technology adoption. However, this model has less explanatory power than the plant characteristic
model. Industry production process characteristics generally have the same signs as previous
equations. In addition, the percentage of sales that are destined for export outside of West Virginia
(EXPORT) and the percent of sales to the Department of Defense or defense subcontractors
(DEFENSE) each have positive signs. Percentage exports is expected to be positively associated
with technology use because export markets are exposed to greater competitive pressures than
local markets. Percentage defense was meant to proxy for the percentage of a plant's products
built to military specifications. Such products normalily require more precision and, therefore, more
advanced production technologies than products destined for consumer markets.

Consistent with many previous empirical studies (Davelaar and Nijkamp 1989; Appold and
Gant 1993), intraregiona! locational characteristics have very little direct effect on the levels of plant
technology adoption. The fourth multivariate regression was only able to explain 5 percent of the
variation in technology levels among plants, and most of the variables have perverse coefficient
signs. Only one variable, local manufacturing employment {MFG), had the expected sign and was
statistically significant. This finding suggests that information about new technologies diffuses from
regional concentrations of manufacturing rather than from urbanized areas, colleges and universities,
areas with more educated workforces, or areas with greater interregional road access. [f regional
effects are important in other ways, West Virginia's counties have not yet achieved the critical mass
of agglomeration, education, or research and development activities necessary to make them
distinctive as places in which new technology adoption flourishes.
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The final extended equation substantiates many of the patterns found in the previous four
equations. The fifth column in table 5.5 shows that employment size (EMPLOY), ownership status
(INDCOMP), formal training (NOTRAIN), and three industry characteristics (TYPE3, TYPEG, and
EXPORT) have the predicted signs and are statistically significant. Local manufacturing employment
(MFG) is, once again, the only statistically significant regional indicator. External assistance
variables (i.e., LINKS, ASSIST, and TECHAID) had positive coefficients, but they were not
statistically significant.

The extended 25 variable equation was used again in regressions for the decision to adopt
individual technologies. These additional regression analyses were performed in order to determine
whether different factors influence the adoption of individual new technologies. The acronyms used
for the dependent variables are listed in table 5.6. Table 5.7 reports the results of probit
regressions for each technology except robots, which was not used by any of the 202 plants used
in the regressions. This table shows that the same variables are often important determinants of
the decision to adopt individual technologies, but other patterns are also evident. For instance,
employment scale is most strongly associated with the decision to adopt shop-floor computers,
control devices, sensors, computer-aided engineering, flexible manufacturing systems, computer
integrated manufacturing, production, planning, and inventory control software, Total Quality
Management, and intercompany computer networks. Particular production processes are also
associated with the adoption of specific new technologies. For instance, long production runs show
the strongest association with automated handling systems, computer integrated manufacturing,
just-in-time manufacturing systems, employee involvement programs, and Total Quality
Management. Batch production and repair are most strongly associated with the adoption of
numerical control and computerized numerical control machines. Production to customer
specifications is negatively associated with most hardware-based new technologies. Plant export-
orientation is an important determinant of the adoption of various organizational technologies.
Although technical assistance provided by customers and public agencies was not important on the
aggregate level, it appears to influence the adoption of specific technologies. Customer assistance
is strongly associated with the adoption of organizational technologies such as statistical process
control, just-in-time, and employee involvement programs. In a finding which agrees with Tédtling
{1991), public technical assistance is positively associated with the adoption of computer-aided
design and engineering.

5.3 Future Plans for Technology Use and Obstacles to Investment

When asked about their reasons for not adopting specific technologies, establishments often
answered that the technologies were not applicable or cost effective (see table 5.1}, These
answers were more frequent for resource intensive industries and smaller plants. Predictably,
process industries often indicated that discrete manufacturing technologies were inappropriate.
However, many plants indicated that they planned to expand their use of new technologies in the
near term or that they may need them in the future. Production system manufacturing technologies
were the most likely to be implemented. Fifteen percent of plants planned to use software planning
and inventory software and Total Quality Management. Over 10 percent indicated that they would
participate in inter-company networks and purchase data collection devices. The same technologies

were also likely to be viewed favorably {i.e., plants responded that they "may be needed in the
future").

In order to obtain more detailed information on the obstacles to technology investment,
section B of the questionnaire asked plants to rate 17 different obstacles identified in previous
studies (see table 5.8). Only one factor, lack of financial resources, was rated, on average as an
obstacle to investment, with an average response of 2.81. The others were rated less than 3,
meaning that they were not viewed as important obstacles. This factor was also identified as the
most important obstacle in the 1989 survey. With the arguable exception of "production workers
lack skill or training,” which is rated the second most important obstacle, the first tier of obstacles
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appear to indicate that plants do not feel that new technologies are affordable given their current
business conditions. The second cluster of obstacles can be characterized as obstacles created by
"information inadequacies."” These obstacles relate to the poor quality of information obtained from
private consultants, lack of staff training, poor technical support, and lack of information about new
technologies. Viewed as the least serious impediments to new technology adoption are the
appropriateness of the new technologies and assistance from outside sources such as government
or customers. The relative ranking of these obstacles seems to indicate that plants are able to
integrate new technologies into their manufacturing without too much difficulty, but they lack the
financial and sometimes the informational resources to accomplish it.

5.4 Sources of Information and Assistance

This section takes a closer look at the sources of information used by West Virginia
manufacturers. Lack of information about new technologies and poor information support were
identified as mid-level obstacles to new technology adoption. Therefore, it makes sense to examine
the support services that manufacturers use and the extent to which they use existing programs
designed to improve the dissemination of information to smali and medium-sized plants.

Table 5.9 shows that the most important sources of information for plants about new
manufacturing technologies comes from buyers, sellers and owners, that is to say customers of
products, equipment vendors, and (for branch plants) parent companies. Although many
manufacturers are dissatisfied with the support they receive from technical vendors (see table 5.8),
they still regard them as an important source of information. The next important category consists
of traditional media such as articles in publications, exhibits at trade shows, advertisements, and
direct mail. These findings are similar to those obtained in the 1989 survey (Shapira and Geiger
1990a, 1990b).

Less important are information obtained through trade associations, presentations at
technical society meetings, and other manufacturers in the area. While one might guess that plants
rank interfirm sources of information relatively low because they do not use them, table 5.10
indicates otherwise. West Virginia manufacturer's are clearly utilizing interfirm networks to some
extent. However, most of this activity could be classified as traditional networking. For instance,
one-quarter of all plants indicated that they already work with groups "to identify shared industry
problems and needs.” Much of this may merely reflect membership in a local Chamber of
Commerce or industry trade association. Seventeen percent of plants indicated that they participate
in organizing supplier-customer networks. Far fewer participate in other network activities such as
shared or cooperative design or product development, manufacturing, training, or benefit programs.
Although not many plants are participating at the moment, a large percentage indicated that many
of these network activities could be useful. Resistance to cooperative ventures is greatest for
sharing information and facilities--areas where local competitive rivalries may predominate--and least
for sharing overhead training and benefits costs.

Ranking as the least important sources of information are private and public agents.
Colleges and universities were at the top of this cluster and slightly higher than private consultants.
In part, this relatively low ranking may reflect a lack of knowledge about university resources.
When manufacturers were asked about their knowledge of technological resources such as the
Robert C. Byrd Institute (located at Marshall University) and the West Virginia University Industrial
Extension Service, only about half were aware that these services existed and only about 25
percent were aware of the types of services offered. At the bottom were federal and state and
local government agencies. Overall, about one-quarter of West Virginia manufacturers (see table
5.11) have received assistance from federal, state, or local government, non-profit corporations, or
a university or college in the last 2 years. The most frequently identified assistance was in the area
of workforce training. Less than 10 percent of West Virginia manufacturers received assistance in
hazardous materials or safety, technology, productivity, or manufacturing problems, finance,
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Table 5.11

ASSISTANCE RECEIVED FROM PROGRAMS IN THE LAST 2 YEARS

Percent of
all plants

Received assistance from a program sponsored by federal, 23
state, or local government, a non-profit corporation, or
a university or college
Type of assistance received
Training of workforce 13
Hazardous materials or safety 8
Technology assistance, productivity, manufacturing problem 7
Finance, loan assistance venture capital 6
Management assistance, business planning 3
Marketing of products, export assistance, procurement 1

Source: Survey of technology use in West Virginia manufacturing, 1993 (Regional Research
Institute, West Virginia University). Based on weighted responses from 299 manufacturers.
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management, or marketing. As might be expected, small and medium sized manufacturers are the
primary users of these types of government assistance.

5.5 Research and Development and Training

In sections C and E of the questionnaire, West Virginia manufacturers were asked about
their performance of research and development and their use of workforce training. Most plants
indicated that they were performing some type of research and development (see table 5.12).
Among the most frequently mentioned type of research was manufacturing engineering and process
improvement, mentioned by two-thirds of the establishments. Approximately half of the plants
indicated that they performed product development and product design and one-third performed
prototyping or beta-testing, basic research, and applied research. These figures showed substantial
industrial and plant size variation that mirrored the levels of hardware and production system
technology use.

West Virginia manufacturers rated "lack of worker skilis" as the second most important
obstacle to new technology use. However, as table 5.13 shows, these plants may not be doing
much to improve the technical competencies of their workforces. Education and training conducted
by West Virginia plants generally consists of informal, on the job training. A higher percentage of
plants use vendors of new equipment for employee training than formal in-company programs, but a
smaller percentage use them on a regular basis. The next most important sources of training are
private consultants, technical colleges, high school vocational education programs, and trade
associations. About one-third of plants indicated that they have used programs from four year
colleges or universities, state and local government agencies, or federal agencies for training and
educational support.

When asked about the areas in which plant workforce skills could be improved, West
Virginia manufacturers stressed communication and technical skills rather than basic skills such as
reading, writing, or math (see table 5.14). Moreover, they generally had a much lower opinion of
the skills of management than labor. Communication skills, group or interpersonal skills, and labor
relations were rated comparatively low for both groups. Other training needs were closely related
to management and labor duties. Labor needs more maintenance repair and technical operator
skills. Management needs more managerial skills, computer skills, math and engineering problem-
solving skills, and computation skills. Plants saw less need for training labor in traditionally
managerial areas such as marketing and finance and little need to train management in shop-floor
areas such as technical operator skills or maintenance and repair.

5.6 National and International Comparisons of Technology Use

Table 5.15 compares the technology use characteristics of West Virginia Manufacturers in
1993 to international, U.S., and older West Virginia survey data. In order to obtain West Virginia
samples which are more comparable to the national and international samples, only establishments
with 20 or greater employees in selected durable goods industries (i.e., SIC 34, Fabricated Metal
Products, 35, Industrial Machinery and Equipment, 36, Electronic and Other Electric Equipment, 37,
Transportation Equipment, and 38, Instruments and Related Products) were included. A weighting
scheme similar to the one used for the more complete list of industries was used to calculate the
averages. The table shows that West Virginia generally lags behind U.S. and German technology
use levels that existed five years ago. These differences are largest in the areas of manufacturing
floor personal computers, data collection devices, numerical control and computerized numerical
control machines, and robotics. On the other hand, West Virginia manufacturers are on par or
better than 1988 German and U.S. technology use levels in the areas of computer aided design and
engineering, programmable controllers, sensors, automated materials handling systems and inter-

company networks. However, the average levels for the U.S. and Germany are likely to be even
higher now.
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Table 5.15
USE OF TECHNOLOGIES, NATIONAL AND INTERNATIONAL COMPARISONS

u.s.1 Germany2 W.v.3 w.v.3
1088 1988 1989 1993

Percent of establishments

Shop floor personal computers 27 36 19 20
Data collection devices NA 30 NA 21
NC/CNC 41 40 48 32
Computer aided design/engineering 39 31 43 44
Programmable controllers 32 32 26 34
Sensors 13 NA 24 17
Automated material handling systems 3 11 9 10
Robotics 8 11 4 3
Lasers 4 NA NA 12
Flexible manufacturing systems 11 1 2 2
Intercompany networks 15 NA NA 26

Source: 1=U.S. Department of Commerce (1989), 2 =Rosenfeld (1992b), 3 =Survey of
technology use in West Virginia manufacturing, 1993 (Regional Research Institute, West
Virginia University), metal working plants with 20+ employees.
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When the 1993 technology use levels of West Virginia are compared to 1989 levels, it
appears that little progress has occurred. Although there have been increases in the use of
programmable controllers, NC/CNC and sensor technology use appear to have dropped precipitously
from 1989 levels. Other areas of technology use showed little movement. These results suggest
that West Virginia manufacturers are entering a period of technological stasis. One possible
explanation for this result is that plants are becoming more cautious in their decisions to adopt new
technologies because of bad experiences with hardware technologies that they were not able to
integrate successfully in their production processes (Oakey and O' Farrell 1992). However,
methodological errors may also have contributed to these discrepancies. For instance, sample
measurement errors may have crept into the results since different groups of manufacturing plants
responded to each survey. In order to minimize this bias, the next section examines the technology
use progress of a panel of 85 manufacturing plants that participated in both 1989 and 1993
surveys.

5.7 Changes in Technology Use

Table 5.16 shows the technology use characteristics of 85 plants surveyed in both 1989
and 1993. Unlike the previous analyses, these responses are not weighted by industrial
classification and employment size categories, since the primary focus of this analysis is to measure
changes in technology use. Therefore, the figures are not directly comparable to previous results.
The table reveals a more favorable pattern of new technology adoption than indicated in the
previous table. Plants were more likely to use certain hardware-based technologies such as
programmable controllers and automated material handling systems than in 1989. They were also
more likely to use personal computers for both non-manufacturing and manufacturing purposes,
software for production planning and inventory control, computer aided design and engineering, and
flexible manufacturing systems, but these differences were not statistically significant at the oc=.10
level. West Virginia manufacturers were less likely to use numerical control machines and
organizational technologies such as just-in-time delivery or statistical process control. Once again,
these results are not statistically significant. The largest increases occurred in the areas of
workforce training and research and development--all statistically significant. These latter figures
should be interpreted with considerable caution, however, since there are substantial differences in
the wording of these questions between the 1989 and 1993 surveys. Still, taking everything into
account, the picture presented here is less alarming than the previous one. West Virginia
manufacturers are not mired in technological stasis, but they are gradually increasing their use of
new technologies.

5.8 Perceptions of Manufacturing Capabilities

Plants were asked to compare their technological capabilities and business practices to their
industry's average. The resuits, shown in table 5.17, indicate that most plants view their situations
favorably. Plants were most likely to rate themselves strongly in the area of quality control--only 7
percent indicated that quality control was below average. Labor relations and management were
perceived as the next major strengths, while responsiveness to market changes and workforce skills
were lower. Forty-one percent rated their manufacturing technology capabilities as above average.
Plants graded themselves lowest (i.e., only "average") in the area of product diversification.

When the answers to these questions are compared to answers given in other parts of the
questionnaire, it appears that plants may not be making a realistic assessment of their situation. For
instance, when plants rated their training needs, labor relations were identified as one of the most
important areas in need of improvement and management was rated as needing more training than
labor. The self-assessment suggests otherwise. Another reason to be skeptical about the self-
evaluations is that when the scores are stratified by the growth rate of sales or employment over



Table 5.16

USE OF TECHNOLOGIES, 1989 AND 1993

1989 1993

Percent of plants

Hardware-based technologies

Personal computers 65 72
Software for production planning/inventory 46 54
Computer aided design/engineering 32 42
Computer numerical control machines 24 22
Programmable process controllers 23 36*
Numerical control machines 23 16
Sensor-based technologies 27 17
Personal computers -- manufacturing 15 25
Automated material handling 7 16*
Robotics 5 4
Flexible manufacturing systems/ 4 7

Computer integrated manufacturing

Organizational technologies

Workplace groups or committees 46 47
Just-in-time delivery to customers 31 27
Statistical process control 28 24
Workforce training programs 49 T3***

In plant technology research and development
Manufacturing/process engineering 1515) 68*
New product design and development 49 64*

{(* o0=.10; ** a=.05;*** o=.01)
Source: Survey of technology use in West Virginia manufacturing, 1989 and 1993 (Regional

Research Institute, West Virginia University). Based on responses from 85 durable goods
manufacturers.
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the period of 1989-93, there are no significant differences in the average assessments. Plants that
were experiencing plunging sales rated themselves as highly as fast growers {even in the area of
"marketing and sales”).

5.9 Technology Support Needs

Section F of the questionnaire asked plants how useful several different categories of
manufacturing assistance would be for increasing their competitiveness. The results, shown in
table 5.18, indicate that most plants would find each of the services "somewhat useful” or better.
They indicated that advising about health, safety, and environmental problems would be the most
useful service. These answers may reflect antipathy toward federal and state regulations in these
areas and the stiff penalties assessed for noncompliance. Other services rated highly were
"identifying new markets," "improving or solving problem with existing equipment,” and "quality
control or statistical process control training." Services traditionally offered by industrial extension
services, such as assistance with equipment/process and plant layout problems, were generally
rated in the middle range of the listed services. Plants were less likely to want assistance in
research and development activities and seemed less enthusiastic about consulting for developing
production teams and just-in-time production. This latter result, coupled with evidence that former
users of just-in-time may have dropped it, suggests that West Virginia manufacturers may be
becoming disenchanted with this organizational technology. Although not listed among the general
categories in the questionnaire, several survey participants wrote in the comment margins that they
desired assistance in obtaining ISO 9000 registration and access to technology source databases.

6. Conclusions

There is a growing consensus that manufacturers must modernize their production
technologies in order to remain competitive in regional, national, and international markets. In order
to provide information for decisionmakers about the technological capabilities of state manufacturers
and the hindrances to new technology adoption, this report examines the results of a survey
conducted during the Summer of 1993 of manufacturing plants in West Virginia. It finds that,
although plants are adopting new technologies, they may still lag behind national and international
levels of technology use that existed five years ago. The reasons for this situation can be found in
national studies of technology adoption and are briefly stated here. First, West Virginia contains a
manufacturing base made up disproportionately of industries which are iess likely to adopt new
technologies. Second, West Virginia manufacturer's are, on average, smaller than the United States
and other nations. Third, West Virginia is a predominately rural state with no sizable urban centers
and limited research and development activities. Therefore, technological information from research
laboratories and best-use manufacturing plants located in larger metropolitan areas takes longer to
diffuse into the region.

The same variables help to explain the technological adoption behavior of individual plants
within the state. There are substantial differences among industries in levels of technology use.
Miscellaneous manufacturing, repair shops, textiles and wood products industries are the least likely
to adopt new technologies, while chemical, rubber, and primary metal industries are more likely.
Larger plants are more likely to adopt new technologies than smaller plants. Plants in more rural
counties are less likely to adopt new technologies than plants in more urban counties. This latter
factor, however, is commingled substantially with other plant-level, industry, and locational
determinants.

Other variables may be equally important. For instance, new plants may be more likely to
adopt new technologies (particularly organizational technologies) than oider plants. Plants with
union representation may be more likely to adopt new technologies than those without. Plants
producing products for export or defense may be more likely to employ new technologies than those
producing for local markets. Plants without formal training programs exhibit lower technology use
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levels than those without such programs. Finally, branch plants are more likely to adopt new
technologies than independent plants. These findings are generally consistent with the findings of
technology use surveys conducted for other regions and countries.

Since the technological situation is complex, the solutions to the problem may be equally
complex. One could view the variables in the multivariate regressions reported here as ievers which
policy makers can pull in order to steer state manufacturing technology capabilities. The problem is
that some levers are easier to pull than others, and some have greater effects than others. The
most obvious way for West Virginia to improve technology use is to recruit more innovative
manufacturers (e.g., increase TYPE3). This so-called "high-tech solution" has been used in the
Software Valley initiative with some success. However, Glasmeier (1991) argues that such
strategies are unlikely to yield satisfying results in the long-term because such firms have a strong
tendency to locate in urban and metropolitan areas with strong cultural amenities and good
informational infrastructure. West Virginia (arguably) has neither. Another policy option would be
to assist small manufacturers to become bigger (i.e., increase EMPLOY) so that they have more of
the characteristics such as financial resources to undertake their own modernization projects. Tax
and financial assistance would be an integral part of such a strategy, and existing studies suggest
ways in which these tools can be used (Walker and Greenstreet 1991). However, the effects of
such policies on technology use are largely uncertain and may have counterintuitive effects.

Another option (which is explored further in another report) that may have more predictable
effects on technology adoption is to directly provide training (i.e., decrease NOTRAIN) and
technology assistance (i.e., increase MFGPROC) in order to improve the diffusion of new
technologies to and within the state. The effects of such programs are largely untested, but
preliminary evidence suggests that programs aimed at small and medium sized enterprises may have
large payoffs and substantially improve plants’ technological capabilities. The results reported here
indicate that public technology assistance is not yet a significant determinant of plant
modernization. However, this finding may reflect the small scale and relatively short duration of
such programs. Since other institutions (e.g., federal government agencies, equipment vendors,
and private consultants) do not appear to be adequately contributing to the technological needs of
state manufacturers, such programs may deserve further support. The results of this study and
other recent policy studies suggest where such resources may be most beneficial.

One suggestion is to provide industrial extension services in areas that can enhance the
productivity and manufacturing capabilities of plants and that manufacturers will use. There is
evidence here that plants want assistance in areas such as marketing, network linking, and quality
control as well as shop-floor troubleshooting. State decisionmakers may, therefore, want to devote
more attention to business assistance and organizational technologies. Organizational technologies
have the added advantage of offering relatively quick productivity improvements with little capital
investment.

Another suggestion is to provide additional training support. However, policymakers might
take a few things into consideration when targeting such support. The results suggest that West
Virginia manufacturers do not find the basic skills of West Virginia labor lacking. Therefore,
programs that focus on basic skills rather than the development of technical skills may not have
much of an impact. In addition, programs should not neglect the educational and training needs of
the managerial workforce. West Virginia manufacturers often consider management skills more
deficient than those of their labor workforces.

Finally, the results here and elsewhere suggest that closer ties with other manufacturers
(e.g., industrial districts, manufacturing networks, and closer customer-supplier relationships) may
assist plants to modernize. Cooperation among small and medium-sized manufacturers has
attracted increasing attention among rural economic development specialists in the United States
(Rosenfeld 1992b). The successes of overseas manufacturing indicate that rural values can be
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assets in creating lasting cooperative ventures that enhance a region's technological capabilities.
However, the conditions necessary for nurturing these relationships are complex (Hadjimichalis and
Papamichos 1991; Rosenfeid 1992b) and some have argued that these arrangements have less
chance of succeeding in the U.S. because of our strong tradition of rugged individualism and
competitive rivalries. Although one might expect such traditions to be especially prominent in West
Virginia, the results obtained from this survey show that they may not be insurmountable obstacles.
Indeed, state manufacturers already gain technological advantages from being in close proximity to
other manufacturers and from working closely with their customers. While manufacturing networks
are not very common {and they are not yet having a measurable impact on technology use levels),
they may play an increasingly important role in the future if the majority of manufacturers who
replied to the survey are correct in observing that more cooperation would be beneficial to their
businesses.



Appendix A.1 Employment and Employment Location Quotients, 1991

Employment Location
Quotient
TOTAL 774,756 1.00
FARM 22,994 1.33
AGRIC. SERV., FORESTRY, FISHERIES & OTHER 4,394 0.54
AGRICULTURAL SERVICES 4,181 0.58
FORESTRY, FISHERIES AND OTHER 213 0.23
FORESTRY 154 0.64
FISHERIES 59 0.10
OTHER 0 0.00
MINING 35,600 6.51
COAL MINING 28,961 36.84
OlL AND GAS EXTRACTION 5,025 1.36
METAL MINING 78 0.24
NONMETALLIC MINERALS, EXCEPT FUELS 1,636 2.35
CONSTRUCTION 39,804 1.04
GENERAL BUILDING CONTRACTORS 9,438 1.09
HEAVY CONSTRUCTION CONTRACTORS 8,338 1.86
SPECIAL TRADE CONTRACTORS 22,028 0.88
MANUFACTURING 87,570 0.82
NONDURABLE GOODS 38,322 0.84
FOOD AND KINDRED PRODUCTS 4,090 0.43
TEXTILE MILL PRODUCTS (D)
APPAREL AND OTHER TEXTILE PRODUCTS 4,173 0.70
PAPER AND ALLIED PRODUCTS 1,094 0.28
PRINTING AND PUBLISHING 5,748 0.61
CHEMICALS AND ALLIED PRODUCTS 17,557 2.84
PETROLEUM AND COAL PRODUCTS 447 0.50
TOBACCO PRODUCTS (D)
RUBBER AND MISC. PLASTICS PRODUCTS 2,996 0.61
LEATHER AND LEATHER PRODUCTS 1,160 1.58
DURABLE GOODS 49,248 0.80
LUMBER AND WOOD PRODUCTS 9,002 2.03
FURNITURE AND FIXTURES 883 0.31
PRIMARY METAL INDUSTRIES 11,987 2.93
FABRICATED METAL PRODUCTS 6,913 0.89
MACHINERY AND COMPUTER EQUIPMENT 5,873 0.51
ELECTRONIC EQUIPMENT, EXC. COMPUTER EQUIPMENT 2,550 0.28
TRANSPORTATION EQUIP. EXCL. MOTOR VEHICL 1,518 0.24
MOTOR VEHICLES AND EQUIPMENT 487 0.11
ORDNANCE (N)
STONE, CLAY, AND GLASS PRODUCTS 7,594 2.24
INSTRUMENTS AND RELATED PRODUCTS 1,468 0.27
MISCELLANEOUS MANUFACTURING INDUSTRIES 973 0.39
TRANSPORTATION AND PUBLIC UTILITIES 43,066 1.17
RAILROAD TRANSPORTATION 4,457 2.91
TRUCKING AND WAREHOQUSING 13,235 1.13
WATER TRANSPORTATION 1,248 1.13
OTHER TRANSPORTATION 3,038 0.33
LOCAL AND INTERURBAN PASSENGER TRANSIT 993 0.42
TRANSPORTATION BY AIR 974 0.23
PIPELINES, EXCEPT NATURAL GAS 80 0.74
TRANSPORTATION SERVICES 9291 0.40
COMMUNICATIONS 8,514 1.13

ELECTRIC, GAS, AND SANITARY SERVICES 12,574 2.20



Appendix A.1 continued

Employment Location
Quotient
WHOLESALE TRADE 32,685 0.88
RETAIL TRADE 140,853 1.10
BUILDING MATERIALS AND GARDEN EQUIPMENT 5,465 1.16
GENERAL MERCHANDISE STORES 17,818 1.21
FOOD STORES 26,343 1.30
AUTOMOTIVE DEALERS AND SERVICE STATIONS 17,366 1.35
APPAREL AND ACCESSORY STORES 6,279 0.86
HOME FURNITURE AND FURNISHINGS STORES 5,331 0.98
EATING AND DRINKING PLACES 38,427 0.97
MISCELLANEOUS RETAIL 23,824 1.02
FINANCE, INSURANCE, AND REAL ESTATE 39,022 0.64
DEPOSITORY AND NONDEPOSITORY CREDIT INSTITUTIONS. 13,041 0.89
OTHER FINANCE, INSURANCE AND REAL ESTATE 25,981 0.56
SECURITY & COMMODITY BROKERS AND SERVICE 624 0.20
INSURANCE CARRIERS 3,459 0.40
INSURANCE AGENTS, BROKERS, AND SERVICES 7.133 1.03
REAL ESTATE 12,206 0.55
COMBINED REAL ESTATE, INSURANCE, ETC. (N)
HOLDING AND OTHER INVESTMENT COMPANIES 2,559 0.44
SERVICES 191,068 0.89
HOTELS AND OTHER LODGING PLACES 9,225 0.93
PERSONAL SERVICES 13,822 1.07
PRIVATE HOUSEHOLDS 7,846 1.05
BUSINESS SERVICES 21,172 0.55
AUTO REPAIR, SERVICES, AND PARKING 7.137 0.93
MISCELLANEOQUS REPAIR SERVICES 4,422 1.25
AMUSEMENT AND RECREATION SERVICES 9,824 0.86
MOTION PICTURES 1,607 0.54
HEALTH SERVICES 63,121 1.20
LEGAL SERVICES 6,930 0.90
EDUCATIONAL SERVICES 5,839 0.52
SOCIAL SERVICES 12,321 1.11
MUSEUMS, BOTANICAL, ZOOLOGICAL GARDENS 151 0.39
MEMBERSHIP ORGANIZATIONS 11,082 1.00
ENGINEERING AND MANAGEMENT SERVICES 15,153 0.63
MISCELLANEOUS SERVICES 1,416 0.65
GOVERNMENT AND GOVERNMENT ENTERPRISES 137,800 1.15
FEDERAL, CIVILIAN 16,885 0.94
MILITARY 10,376 0.70
STATE AND LOCAL 110,539 1.27

(D) Undisclosed figure.
(N) Not available.



Appendix B. Completeness of the West Virginia Manufacturing Directory

When the 1992 West Virginia Manufacturing Directory is compared to establishment-level
data available from the federal government, several biases are evident. Halverson (1988) showed
the 1986 Harris Directory undercounts in particular categories of manufacturing, such as the lumber
and wood products industry (SIC 24) and smaller establishments. Appendix B.2 shows that these
patterns are repeated to some extent in the 1992 directory. One possible reason for this outcome
is that the survey-based listing simply fails to capture some establishments because of the
reluctance of establishments to participate in volunteer surveys used to compile the directory.
Another plausible explanation is that the different industrial classification criteria were used in
classifying establishments. This problem may be more severe when an establishment produces
more than one product. Industrial volatility may offer another explanation. Differential rates of
plant openings and closures may result in uneven industrial coverage. Table B.3 indicates that
undercounting of smaller establishments may have been mitigated to some extent in the newer
directory. This result may have occurred because of efforts to improve coverage by tapping into
additional establishment information databases. Table B.1 shows, in addition, that reporting
accuracy may vary by region. Underrepresented counties are primarily rural counties in the eastern
part of the state, while the more urbanized counties such as Kanawha, Cabell, and Wood show a
substantial degree of over representation. This geographical variation in coverage is probably the
result of redundant listings and the inclusion of dormant or closed establishments in the urban areas
(which have witnessed the largest employment losses according to figure 1.8) and the failure to
include smaller wood products related enterprises in the more rural, eastern counties.



Appendix B-1. Establishment Coverage by County

Harris Percent County Percent Ratio

Directory, Business

1992 Patterns, 1990
Barbour 19 0.84 16 0.93 1.19
Berkeley 47 2.09 41 2.38 1.15
Boone 9 0.40 10 0.58 0.90
Braxton 17 0.76 29 1.68 0.59
Brooke 25 1.1 23 1.33 1.09
Cabell 160 7.11 113 6.56 1.42
Calhoun 9 0.40 19 1.10 0.47
Clay 5 0.22 5 0.29 1.00
Doddridge 6 0.27 b 0.29 1.20
Fayette 51 2.27 41 2.38 1.24
Gilmer 8 0.36 7 0.41 1.14
Grant 18 0.80 25 1.45 0.72
Greenbrier 59 2.62 44 2.55 1.34
Hampshire 15 0.67 14 0.81 1.07
Hancock 51 2.27 38 2.21 1.34
Hardy 14 0.62 19 1.10 0.74
Harrison 107 4.76 58 3.37 1.84
Jackson 14 0.62 16 0.93 0.88
Jefferson 35 1.56 35 2.03 1.00
Kanawha 252 11.20 151 8.76 1.67
Lewis 27 1.20 21 1.22 1.29
Lincoln 10 0.44 12 0.70 0.83
Logan 41 1.82 33 1.92 1.24
McDowell 12 0.53 7 0.41 1.71
Marion 110 4.89 55 3.19 2.00
Marshall 38 1.69 21 1.22 1.81
Mason 15 0.67 17 0.99 0.88
Mercer 85 3.78 61 3.54 1.39
Mineral 24 1.07 20 1.16 1.20
Mingo 25 1.1 26 1.51 0.96
Monongalia 76 3.38 57 3.31 1.33
Monroe 10 0.44 14 0.81 0.71
Morgan 15 0.67 11 0.64 1.36
Nicholas 39 1.73 46 2.67 0.85
Ohio 99 4.40 63 3.66 1.67
Pendleton 12 0.53 12 0.70 1.00
Pleasants 6 0.27 6 0.35 1.00
Pocahontas 19 0.84 27 1.57 0.70
Preston 37 1.65 35 2.03 1.06
Putnam 48 2.13 27 1.57 1.78
Raleigh 138 6.14 46 2.67 3.00
Randolph 62 2.76 45 2.61 1.38
Ritchie 23 1.02 25 1.45 0.92
Roane 21 0.93 16 0.93 1.31
Summers 11 0.49 13 0.75 0.85
Taylor 16 0.71 11 0.64 1.45
Tucker 19 0.84 14 0.81 1.36
Tyler 10 0.44 12 0.70 0.83
Upshur 49 2.18 36 2.09 1.36
Wayne 31 1.38 44 2.55 0.70
Webster 15 0.67 35 2.03 0.43
Wetzel 25 1.1 32 1.86 0.78
Wirt 5 0.22 9 0.52 0.56
Wood 135 6.00 91 5.28 1.48
Wyoming 20 0.89 13 0.75 1.54

West Virginia 2249 100.00 1723 100.00 1.31



Food and Kindred Products

Tobacco Manufacturers

Textile Mill Products
Apparel & Textile Products
Lumber and Wood Products

Furniture and Fixtures

Paper and Allied Products

Printing, Publishing & Allied Inds

Chemicals & Allied Products
Petroleum Refining & Relate Inds 56
Rubber & Misc Plastic Prdts
Leather & Leather Products

Stone, Clay, Glass & Concrete

Primary Metal Inds

Fabricated Metal Prdts

Machinery, Except Electrical
Electrical & Electronic Mchry
Transportation Eqpt
Meas., Analyzing & Controlling Ins 51
Misc Manufacturing Industries

Other

Est Size

Harris
Percent

CBP90O
Percent

Ratio

1-4

618
27.48

598
34.71

Appendix B-2.

Establishment Coverage by Industry

Harris Percent County Percent
Directory, Business
1992 Patterns, 1990
136 6.05 64 3.71
2 0.09 2 0.12
14 0.62 8 0.46
84 3.73 49 2.84
363 16.14 523 30.35
47 2.09 38 2.21
15 0.67 20 1.16
291 12.94 220 12.77
99 4.40 68 3.95
2.49 12 0.70
60 2.67 45 2.61
4 0.18 5 0.29
218 9.69 142 8.24
64 2.85 36 2.09
234 10.40 123 7.14
311 13.83 208 12.07
59 2.62 38 2.21
41 1.82 20 1.16
2.27 24 1.39
100 4.45 42 2.44
0 36
2249 1723
Appendix B-3. Establishment Coverage by Establishment Size
5-9 10-19  20-49 50-99 100-249 250-499 500-999 1000+
443 391 407 179 133 39 19 8
19.70 17.33 18.10 7.96 5.91 1.73 0.84 0.36
300 303 242 118 100 34 20 8
17.41 17.59 14.05 6.85 5.80 1.97 1.16 0.46
1.48 1.29 1.68 1.52 1.33 1.15 0.95 1.00

Ratio

NA  Total

12 2249
0.53 100.00

1723
0.00 100.00



Appendix C.1 Industries on Industrial Extension Service Target List

SIC CODE

22 TEXTILE MILL PRODUCTS

2240 Narrow fabric mills

2252 Hosiery

2253 Knit outerwear mills

2262 Finishing plants, manmade
2295 Coated fabrics, not rubberized
2299 Textile goods

23 APPAREL & TEXTILE PRODUCTS MADE FROM FABRICS
2321 Men's and boys' shirts

2325 Men's and boys' trousers and slacks
2326 Men's and boys' work clothing

2329 Men's and boys' clothing

2331 Women's & misses’ blouses & shirts
2335 Women's, junior’'s, & misses' dresses
2339 Women's and misses' outerwear
2342 Bras, girdles, and allied garments
2350 Hats, caps, and millinery

2361 Girls' & children's dresses, blouses
2384 Robes and dressing gowns

2386 Leather and sheep-lined clothing
2391 Curtains and draperies

2392 Housefurnishings

2394 Canvas and related products

2395 Pleating and stitching

2396 Automotive and apparel trimmings
2399 Fabricated textile products

24 LUMBER & WOOD PRODUCTS EXCEPT FURNITURE
2421 Sawmills and planing mills, general
2426 Hardwood dimension & flooring mills
2429 Special product sawmills

2431 Millwork

2434 Wood kitchen cabinets

2435 Hardwood veneer and plywood
2439 Structural wood members

2448 Wood pallets and skids

2452 Prefabricated wood buildings

2491 Wood preserving

2499 Wood products

25 FURNITURE & FIXTURES

2511 Wood household furniture

2512 Upholstered household furniture
2515 Mattresses and bedsprings

2517 Wood TV and radio cabinets

2521 Wood office furniture

2530 Public building & related furniture
2541 Wood partitions and fixtures

2542 Partitions and fixtures, except wood
2591 Drapery hardware & blinds & shades
2599 Furniture and fixtures

26 PAPER & ALLIED PRODUCTS

2630 Paperboard mills

2653 Corrugated and solid fiber boxes
2655 Fiber cans, drums & similar products
2657 Folding paperboard boxes

2673 Bags: plastics, laminated, & coated
2674 Bags: uncoated paper & multiwall
2677 Envelopes

2679 Converted paper products



Appendix C.1 continued

28 CHEMICALS & ALLIED PRODUCTS
2812 Alkalies and chlorine

2813 Industrial gases

2816 Inorganic pigments

2819 Industrial inorganic chemicals
2821 Plastics materials and resins
2822 Synthetic rubber

2833 Medicinals and botanicals
2834 Pharmaceutical preparations
2836 Biological products exc. diagnostic
2841 Soap and other detergents
2850 Paints and allied products

2861 Gum and wood chemicals
2865 Cyclic crudes and intermediates
2869 Industrial organic chemicals

2879 Agricultural chemicals
2891 Adhesives and sealants
2892 Explosives

2895 Carbon black

2899 Chemical preparations

30 RUBBER & MISCELLANEOUS PLASTIC PRODUCTS
3010 Tires and inner tubes

3020 Rubber and plastics footwear

3052 Rubber & plastics hose & belting
3053 Gaskets, packing and sealing devices
3069 Fabricated rubber products

3081 Unsupported plastics film & sheet
3084 Plastics pipe

3085 Plastics bottles

3086 Plastics foam products

3087 Custom compound purchased resins
3088 Plastics plumbing fixtures

3089 Plastics products

32 STONE, CLAY, GLASS & CONCRETE PRODUCTS
3210 Flat glass

3221 Glass containers

3229 Pressed and blown glass

3230 Products of purchased glass

33 PRIMARY METAL INDUSTRIES

3312 Blast furnaces and steel mills

3313 Electrometallurgical products

33156 Steel wire and related products
3317 Steel pipe and tubes

3321 Gray and ductile iron foundries
3324 Steel investment foundries

3325 Steel foundries

3334 Primary aluminum

3340 Secondary nonferrous metals

3353 Aluminum sheet, plate, and foil
3356 Nonferrous rolling and drawing
3357 Nonferrous wiredrawing & insulating
3364 Nonferrous die-casting exc. aluminum
3366 Copper foundries

3399 Primary metal products



Appendix C.1 continued

34 FABRICATED METAL PRODUCTS, EXCEPT MACHINERY AND TRANSPORTATION EQUIPMENT
3411 Metal cans

3412 Metal barrels, drums, and pails
3423 Hand and edge tools

3429 Hardware

3432 Plumbing fixture fittings and trim
3433 Heating equipment, except electric
3441 Fabricated structural metal

3442 Metal doors, sash, and trim

3443 Fabricated plate work {(boiler shops)
3444 Sheet metalwork

3446 Architectural metal work

3448 Prefabricated metal buildings
3449 Miscellaneous metal work

3451 Screw machine products

3452 Bolts, nuts, rivets, and washers
3462 Iron and steel forgings

3465 Automotive stampings

3466 Crowns and closures

3469 Metal stampings

3471 Plating and polishing

3479 Metal coating and allied services
3484 Small arms

3492 Fluid power valves & hose fittings
3494 Valves and pipe fittings

3496 Misc. fabricated wire products
3498 Fabricated pipe and fittings

3499 Fabricated metal products

35 MACHINERY, EXCEPT ELECTRICAL
35623 Farm machinery and equipment
3531 Construction machinery

3532 Mining machinery

3533 Oil and gas field machinery

3535 Conveyors and conveying equipment
3543 Industrial patterns

3544 Special dies, tools, jigs & fixtures
3545 Machine tool accessories

3547 Rolling mill machinery

35563 Woodworking machinery

3559 Special industry machinery

3561 Pumps and pumping equipment
3564 Blowers and fans

3566 Speed changers, drives, and gears
3567 Industrial furnaces and ovens
3569 General industrial machinery
3575 Computer terminals

3581 Automatic vending machines
3589 Service industry machinery

3593 Fluid power cylinders & actuators
3594 Fluid power pumps and motors
3599 Industrial machinery

36 ELECTRICAL & ELECTRONIC MACHINERY, EQUIPMENT & SUPPLIES
3612 Transformers, except electronic

3613 Switchgear and switchboard apparatus

3624 Carbon and graphite products

3625 Relays and industrial controls

3641 Electric lamps

3644 Noncurrent-carrying wiring devices

3645 Residential lighting fixtures

3646 Commercial lighting fixtures

3648 Lighting equipment



Appendix C.1 continued

3669 Communications equipment

3672 Printed circuit boards

3674 Semiconductors and related devices
3679 Electronic components

3695 Magnetic and optical recording media
3699 Electrical equipment & supplies

37 TRANSPORTATION EQUIPMENT

3711 Motor vehicles and car bodies
3713 Truck and bus bodies

3714 Motor vehicle parts and accessories
3715 Truck trailers

3724 Aircraft engines and engine parts
3728 Aircraft parts and equipment
3732 Boat building and repairing

3740 Railroad equipment

3792 Travel trailers and campers

3799 Transportation equipment

38 MEASUREMENT, ANALYZING & CONTROLLING INSTRUMENTS
3810 Search and navigation equipment
3821 Laboratory apparatus and furniture
3822 Environmental controls

3823 Process control instruments

3825 Instruments to measure electricity
3826 Analytical instruments

3827 Optical instruments and lenses

3829 Measuring & controlling devices
3842 Surgical appliances and supplies
3843 Dental equipment and supplies

3850 Ophthalmic goods

3860 Photographic equipment and supplies

39 MISCELLANEQUS MANUFACTURING INDUSTRIES
3911 Jewelry, precious metal

3942 Dolls and stuffed toys

3944 Games, toys, and children's vehicles
3949 Sporting and athletic goods

3955 Carbon paper and inked ribbons
3961 Costume jewelry

3991 Brooms and brushes

3993 Signs and advertising specialities
3995 Burial caskets

3999 Manufacturing industries

MISCELLANEOUS REPAIR SERVICES
7389 Business services

7629 Electrical repair shops
7692 Welding repair

7694 Armature rewinding shops
7699 Repair services



APPENDIX D
SURVEY MATERIALS

Questionnaire
Letters



Regional Research Institute

West Virginia University

July 26, 1993

[Address Label]
Dear [Name]:

We would like to request your assistance in an assessment we are conducting of
technology use in West Virginia manufacturing. Enclosed you will find a questionnaire
which surveys your use of different types of technologies, manufacturing procedures,
training, and state technology assistance programs. This survey will provide comprehensive
information about patterns of technological upgrading and modernization in West Virginia
manufacturing. It will be of considerable value for our research and the design of state
manufacturing technology assistance programs.

| hope that you will complete the questionnaire and return it to us in the enclosed postage
paid envelope within ten days. If we do not hear from you, we shall call to see if you have
any questions. Participation is voluntary. Therefore, if you do not wish to be contacted,
please reply as such and return the message in the enclosed envelope.

| believe that our study is worth your time and effort. We can provide you with potentially
valuable information and, with your participation, may be able to promote the economic
development of our state. All participants who request it will be mailed a summary of the
survey results which will provide a comparison of your plant and the industry and state-
wide averages.

Please note that the survey questions refer to your plant unless otherwise specified. We
understand that firms do not always keep exact record of all of their activities. If you do
not have adequate information on a particular item or feel uncomfortable about providing it,
please feel free either to omit it or provide your best estimates.

Please be assured that each questionnaire will be kept strictly confidential. The information
that we will release will be in summary form only. Your firm will not be connected with any
responses in this questionnaire. The company code at the top of the first page will be used
only to gauge the response rate of the survey and to enable us to mail you a summary of
the survey results if you request it.

If you have any questions, please fee! free to call me at 304-293-2896.

| greatly appreciate your assistance and consideration.

Sincerely,

Terry Rephann

Research Assistant Professor

Enclosure

Phone 304 293-2896 FAX 304 293-6699 511 North High Street Morgantown, WV 26506 USA
Equal Opportunity / Affirmative Action Institution



' West Virginia Development Office
e Gaston Caperton, Governor
—D-;an Brasington, Executive Diractor Charleston, West Virginia 25305-0311

July 22, 1993

Dear Survey Participant:

The enclosed questionnaire is being sent to over 800 state
manufacturing firms in an effort to determine the wuse of
technology in West Virginia manufacturing. Better use of
technology and upgrading manufacturing processes are vital
ingredients in helping all our manufacturers compete in today's
global economy. Your insights will assist our efforts to
strengthen economic development initiatives in our state.

It is our hope that you will take the time and participate
in this study. The results will be very useful for industry and
for our efforts to stimulate economic development as well as the
competitiveness of West Virginia.

The study is Dbeing conducted by the Regional Research
Institute of West Virginia University. For your convenience,
enclosed please find a self-addressed, postage paid envelope for
the return of your completed questionnaire.

Thank you for your interest and cooperation.
Sincerely,
// p
,é/a .
Mark R. Julian, Director

Training and Technology
Development

MRJ/smc

Enclosures
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wv. WEST VIRGINIA UNIVERSITY
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Survey of Technology Use in West Virginia Manufacturing

Section A: Use of Technology

A1. Which of the following categories best describe this plant? (You may answer 'YES' to more than one category)

Yes No
a. Make parts or products one-at-a-time to customers' orders a d
b.  Make products in batch runs of, say, a few dozen to a few hundred a a
c. Make products in long production runs d |
d. Process materials in small volumes a a
e. Process materials in large volumes ad d
f.  Remanufacture or refurbish machines or parts a a
g. Other (please describe)

A2, For each of the hardware manufacturing technologies listed below, indicate the answer that best reflects this
plant's use of, or plans for, that technology:

Currently  Planned May Be Does Not Not Cost
In Use (1-3 yrs) Needed Apply To Effective
In Future Operations
a.  Shop-floor personal computers d a a ad a
b.  Personal computers -- non-manufacturing d a a a a
c. Data collection devices (e.g., bar code readers) ad a R d d
d.  Numerical control machines (NC) d | a a 4
(excluding computer numerical control)
e. Computerized numerical control machines (CNC) d | a Q Q
f.  Programmable controllers a 4 a Q a
(for other than machine tool applications)
g. Automated in-process inspection or sensors d ad d ad a
h.  Automated material handling systems d a a (] a
i.  Computer-aided design a a a a a
j.  Computer-aided engineering a d d a d
k. Robots d d d a g
I Lasers a a a Q a
m. Flexible manufacturing systems (FMS) d d d a a
n. Computer-integrated manufacturing (CIM) 4 ] (] a (|

0. Other (please describe)

A3. For each of the production system manufacturing technologies listed below, indicate the answer that best reflects
this plant's use of, or plans for, that technology:

Currently  Planned May Be Does Not Not Cost
In Use (1-3 yrs) Needed Apply To Effective
In Future Operations

a. Production, planning, and inventory control software d a a a ]
b.  Statistical process control (SPC) g (W) a a a
c.  Just-in-time delivery system (JIT) g d d a d
d. Employee involvement program || d d a d
e. Total quality management (TQM) d ad ad a a
f.  Intercompany computer networks that link plant to suppliers a (] a a a

and/or customers

g.  Other (please describe)

A4. What percentage of the manufacturing equipment in your plant is controlled by a computer or other programmable
device? %



Page 2

Section B: Reasons for Technology Adoption or Non-Adoption

B1. How important are the following obstacles to increasing your investment in new manufacturing technologies at your
plant? (Please circle)

A Very A Somewhat Not An
Important Important Important
Obstacle Obstacle Obstacle
a  Available hardware is not suitable 1 2 3 4 5
b.  Available software is not suitable 1 2 3 4 5
c. Lack of financial resources 1 2 3 4 5
d. New technologies are not cost-effective 1 2 3 4 5
e.  Poor technical support from vendors 1 2 3 4 5
f.  New technologies are too complex 1 2 3 4 5
g. Equipment incompatibility with plant/workflow 1 2 3 4 5
h.  Lack of information about new technologies 1 2 3 4 5
i Insufficient time to implement new technologies 1 2 3 4 5
j-  Production workers lack skills/training 1 2 3 4 5
k.  Technical staff lack skills/training 1 2 3 4 5
. Employee opposition to change 1 2 3 4 5
m. Management opposition to change 1 2 3 4 5
n.  Uncertain or insufficient demand for products 1 2 3 4 5
0. Lack of assistance from major customers 1 2 3 4 5
p. Lack of help from universities/government 1 2 3 4 5
q. Private consultants are inadequate/expensive 1 2 3 4 5

s

Other obstacles (please describe)

Section C: Information and Assistance

C1. Please indicate the importance to your plant of the following sources of information about new manufacturing
technology. (Please circle)

Very Somewhat Not
Important Important Important

a. Advertisements 1 2 3 4 5
b.  Exhibits at trade shows 1 2 3 4 5
c. Direct mail 1 2 3 4 5
d. Articles in publications 1 2 3 4 5
e. Trade associations 1 2 3 4 5
f.  Presentations at technical society meetings 1 2 3 4 5
g. Customers of your products 1 2 3 4 5
h.  Parent company 1 2 3 4 5
i Equipment vendors 1 2 3 4 5
j- Private consultants 1 2 3 4 5
k.  Other manufacturers in the area 1 2 3 4 5
. Colleges and universities 1 2 3 4 5
m. State and local government agencies 1 2 3 4 5
n.  Federal agencies or laboratories 1 2 3 4 5
0. Other (please list)

C2. Please indicate the potential usefulness to your plant of the following activities to link manufacturers.

Already Do Not Participate, Do Not Participate,
Participate But Could Be Useful And Would NOT Be

Useful

a.  Working with groups of firms to cooperatively identify 4 A a
shared industry problems and needs

b.  Organizing multiple-firm bids on large contracts a a a
c.  Organizing supplier-customer networks a a ad
d.  Shared or cooperative design or product development ad | d
e. Shared or cooperative manufacturing a d g
f.  Shared or cooperative training programs a a ad
g. Shared or cooperative benefits programs Q a (|
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C3. Which of the following best describe the status of research and development at your plant? (Please check all
boxes that apply)

Conducted At Done At Facilities Performed By Not Done In
This Plant Elsewhere In Company Contractor This Company
a. Basic research d d ad d
b.  Applied research ad a ad a
¢.  Product development d a ad a
d.  Product design ad d d ad
e. Prototyping or beta-testing | d ad a
f.  Manufacturing engineering and | a a |

process improvement

C4. In the last 2 years, has your plant received assistance from a program sponsored by federal, state, or local
government, a non-profit corporation, or a university/college?

4 Yes a No 4 Don't know

If YES: Please indicate the types of assistance received. Check one or more as appropriate.

a. Management assistance/business planning
b. Training of workforce
c. Financing, loan assistance, or venture capital
d. Marketing of products, export assistance, or
government procurement
. Assistance with hazardous materials or safety
f. Technology assistance, productivity improvement, or help
with a manufacturing problem

o©

0o 0o

. Other (please describe)

(=]

C5. The Robert C. Byrd Institute for Advanced Flexible Manufacturing Systems, located at Marshall University, is a
manufacturing demonstration and application center designed to assist local industry to improve its capabilities and

to help West Virginia's manufacturing competitiveness. Please check the box that best describes your knowledge
of this Institute.

Not previously heard of

Heard of, but not aware of the types of assistance it provides

Aware of it

Have received service or assistance from Byrd Institute

Aware of Byrd Institute, but decided services or assistance were not appropriate

ooooo

C6. If you have received assistance from the Byrd Institute, how would you rate the quality of the services?

) Excellent
a Good

U Fair

| Poor

4 Don't know

C7. The West Virginia University Industrial Extension Service has a field service program that uses professional

engineers to assist firms to improve technology, manufacturing, and operations. Please check the box that
best describes your knowledge of this service.

Not previously heard of

Heard of, but not aware of the types of assistance it provides

Aware of it

Have received service or assistance from program

Aware of program, but decided services or assistance were not appropriate

Uoooo

C8. If you have received assistance from the West Virginia University Industrial Extension Service, how would you rate
the quality of the services?

Excellent
Good

Fair

Poor

Don't know

0oo0o
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C9. Below are listed some areas in which the West Virginia University Industrial Ext'ension Service provide.s.assistance.
Please rate each of the following in terms of its potential usefulness for increasing your plant's competitiveness.
(Please circle)

Very Useful Somewhat Useful Never Useful

Products
a. Improve design capabilities for product development 1 2 3 4 5
b. Improve/debug an existing product 1 2 3 4 5
¢. Develop new product 1 2 3 4 5
Equipment/process technology
d. Improve/solve problem with existing equipment 1 2 3 4 5

or production/process technology
e.  Specify new production/process technology 1 2 3 4 5
f.  Identify vendor of new technology/software 1 2 3 4 5
g. Acquisition of financing to upgrade technology 1 2 3 4 5
Plant layout
h.  Improve existing plant layout/operations 1 2 3 4 5
i. Specify new plant expansion needs 1 2 3 4 5
Quality, work organization, training
j.  Quality control/statistical process control 1 2 3 4 5
k.  Just-in-time production 1 2 3 4 5
I Develop production teams/committees 1 2 3 4 5
m. Identify training needs/curriculum development 1 2 3 4 5
n. Directly provide training 1 2 3 4 5
0. Refer to other training sources 1 2 3 4 5
Market development and firm linkages
p. Identify new markets 1 2 3 4 5
q. Improve supplier/customer linkages 1 2 3 4 5
Health and safety, environment
r.  Occupational health and safety problems 1 2 3 4 5
s. Waste management/environmental problems 1 2 3 4 5

t.  Please describe any service area(s) not listed above that you would like to see offered.

Section D: Customers, Suppliers, and Subcontracting

D1. Please sstimate the percentage of the output from this plant sold in:

West Virginia %
Neighboring states (KY, OH, PA, MD, VA) %
Elsewhere in the United States %
Outside the United States %
D2. What percentage of sales go to the Defense Department or to defense subcontractors? %

D3. How many customers does it take to account for 75% of your sales?

D4. How would you describe your relationships with major customers? (Check YES or NO)

Yes No
a. Major customers usually give short-term contracts J g
b.  Price is the most important factor in receiving orders from major customers ] o
c.  Major customers have assisted us to improve quality or solve technical problems a a
d. We have many diverse customers, no major ones d (|
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D5. Do you usually subcontract any part of your manufacturing work?

d Yes 4 No

If YES, how many subcontractors do you use?

Section E: Workforce and Training

E1. How often is each of the following sources of education and training used by your plant to improve the skills of its

employees?
Do Not Plan To Used Used
Use Use Sometimes Frequently
a. Informal, on-the-job W | d g
b.  Formal in-company programs d | ad a
c. High school vocational education programs ad | a ad
d.  Technical and/or community colleges a d a |
e. 4-year colleges/universities | a a a
f.  State and local government agencies d ad d ad
g. Federal agencies d ad ad d
h.  Trade associations a a a a
i Vendors of new equipment a d ad d
j- Consultants and/or private training firms a a d d
k.  Other (please describe)
E2. What portion of your labor workforce would benefit from further education and training in the following areas?
All Most Some Few None
a. Computation skills 1 2 3 4 5
b.  Computer training 1 2 3 4 5
¢. Math/engineering problem-solving skills 1 2 3 4 5
d.  Group/interpersonal skills 1 2 3 4 5
e. Managerial skills 1 2 3 4 5
f.  Labor relations 1 2 3 4 5
g. Communication skills 1 2 3 4 5
h.  Technical operator skills 1 2 3 4 5
i.  Maintenance and repair 1 2 3 4 5
j-  Reading and writing 1 2 3 4 5
k. Marketing 1 2 3 4 5
. Finance/accounting/bookkeeping 1 2 3 4 5
m. Other (please describe)
E3. What portion of your management workforce would benefit from further education and training in the following
areas?
All Most Some Few None

a. Computation skills 1 2 3 4 5
b.  Computer training 1 2 3 4 5
c. Math/engineering problem-solving skills 1 2 3 4 5
d.  Group/interpersonal skills 1 2 3 4 5
e. Managerial skills 1 2 3 4 5
f.  Labor relations 1 2 3 4 5
g. Communication skills 1 2 3 4 5
h.  Technical operator skills 1 2 3 4 5
i Maintenance and repair 1 2 3 4 5
j-  Reading and writing 1 2 3 4 5
k. Marketing 1 2 3 4 5
I Finance/accounting/bookkeeping 1 2 3 4 5
m. Other (please describe)
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Section F: Background Data on Your Plant

F1.

F2.

F3.

F4.

“Fe@mpooTD

n
(3,1

Fé.

F7.

F8.

F9.

in which year was this plant established?

Is this the only plant in the company? [ ves a N
If NO: where does your company operate other plants? (Please check all boxes that apply)
O in West Virginia (J Eisewhere in the United States ~~ (  Outside the United States
How many employees do you now have at your plant?

How many employees did you have at your plant in 19897

How would you rate your plant's strengths in the following areas relative to your industry's average?

Well above Industry Well Below
Average Average Average
Quality control 1 2 3 4 5
Inventory management 1 2 3 4 5
Manufacturing technology 1 2 3 4 5
Management 1 2 3 4 5
Labor relations 1 2 3 4 5
Marketing and sales 1 2 3 4 5
Diversification 1 2 3 4 5
Workforce skills 1 2 3 4 5
Responsiveness to market changes 1 2 3 4 5
. Are production workers at this plant unionized? O ves U no

How much do you estimate the annual value to be of total sales or shipments at this plant?

In1989 § b. In1993 § c. Expected for 1994 §

In terms of sales, what are the three most important product lines or services you provide at your plant?

a.

b.

C.

Is there anything else you'd like to tell us about the use of technology at your plant, problems you have had with
new technology, or ways in which additional technical assistance could help you use technology, improve
production, or provide training?

Please check box if you would like to receive a summary of the survey results. a

Thank_ you for your felp.
PLEASE MAIL THE COMPLETED QUESTIONNAIRE TO US IN THE ENCLOSED POSTAGE PAID ENVELOPE.

Technology Survey
Regional Research Institute
West Virginia University
P.O. Box 6825
Morgantown, WV 26506-6825
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