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Doctor of Philosophy in Management

The world of mass production is changing. due to a variety of macroeconomic
and technological factors: the internationalization of econumic activity, shorter product
life cycles, the increasing differentiation of product markets and consumer tastes, the
increased value placed on the quality of goods and services, and the increased use of
computer-based information and manufacturing technologies. Many observers claim
that these changes mark a fundamental transformation away from the organizational
forms of mass production, towards flexible production systems. (Piore and Sabel,
1984; Powell, 1988; Jaikumar, 1986; Kenney and Florida, 1988; Womack et al., 1990)

This dissertation examines the thesis that flexible production systems are
supplanting mass production systems because of their superior manufacturing
performance, in terms of both productivity and quality. The research focuses on the
automotive assemoly plant, the prototypical mass production setting. Quantitative data
are drawn from the International Assembly Plant Study, a survey of 70 plants worldwide,
carried out with John Krafcik through M.1.T.’s International Motor Vehicle Program. These
data are supplemented with qualitative data from observations of daily problem-soiving
processes at three assembly plants.

The dissertation draws on organizational theory, industrial relations, political
economy, and strategy literatures to argue that flexible produciion systems follow a
ufferent "organizational iogic™ than mass productiaon. This logic has two dimensicns:
structural and cultural. The "structural logic” of a praduction system is identified in terms
of the deployment of resources, the link of core production activity to the market, the
structure of authority relations, and the link between conception and execution. The
"cultural logic” is identified as a way of thinking about production activi‘ies that
emphasizes their integration with innovation activities. This cultural perspective, in turn,
affects the approach, under flexible production, to information processing, the ivision of
labor, and the coordination process. This view of flexible production is contraste: not only
with mass producticn but also with other post-mass production models -- flexible
specialization, flexible mass production, and neo-craft production.

The two primary hypotheses tested in the dissertation are first, that the flexible
"organizational logic” is positively linked to manufacturing performance, and secorid, that
the contribution of technology to performance is contingent upon the organizational
context, i.e. that economic performance is highest when high levels of automation are
combined with the flexible "organizational logic”.



The dissertation takes a configurational approach, in which kundles of practices are
identified and the eifects oi tr.ese bundles are tested with appropriate statistical methods
(e.g. cluster analysis). Production systems are defined in terms of "organizationa! logic”,
rather than technology or product variety. In other words, a plant with a flexible
production system is organizationally flexible, whether or not it has flexible (programmabile)
technology or makes a wide variety of products. In contrast, a plant with a mass
production organization does not become flexible simyy by incorporating flexible
technology; rather, it is likely to use the technology rigidly. Consistent with this
perspective, a Production Organization index is constructed that differentiates plants with
a MassProd and FlexProd “organizational logic®, using measures of work organization,
hurnan resource policies, and production practices.

Three subsequent chapters focus on analyses of the International Assembly Plant
Study data. The first is a univariate analysis of the relationship between production
organization and manufacturing performance. The second examines the "integration
hypothesis”, which emphasizes the interaction of production organization and technology
and its effect on manufacturing performance. The third adds a set of control variables,
including mix complexity, parts complexity, product design age, and scale, for a fuli
multivariate analysis of manufacturing performance. There are parallel analyses in all three
chapters -- one with the Production Organization m.easure, an additive index, together with
other independent variables, and the other with a cluster analysis that groups plants using
the variables in the Production Qrganization index and the technology measures.

These chapters support the thesis that flexible production organization is strongly
associated with manufacturing performance. The univariate relationship is quite strong,
with production organization explaining over one-third of the variance in both productivity
and quality outcomes. The integration hypothesis is also confirmed, in that manufacturing
performance is considerably higher for plants with high levels of technology and a FlexProd
organization than for plants with similar levels of technology and a MassProd organization.
Finally, these results remain essentiaily unchanged when the control variables are added.
Alternative explanations based on Japanese management, Iccation in Japan, and location
in a low-wage country are also considered. Japan-related variables reduce the statistical
significance of Production Organization slightly for productivity, but not for quality. In
addition, the Production Organization measure is strongly linked to performance within the
group of Japan-related plants. Low-wage countries have relatively poor productivity, as
the conventional wisdom would predict, but much better quality than expected; these
quality results are linked to the degree of implementation of fiexible production systems.

Finally, a chapter on the qualitative data explores differences in problem-solving
processes in mass production and flexible froduction plants, emphasizing differences in
problem definition, problem analysis, the organization of problem-solving groups, and
liaison roles. This chapter also discusses the dynamics of the relationship between process
and structure in mass and flexible production systems.

Thesis supervisor: Prof. Thomas A. Kochan, Industrial Relations
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CHAPTER 1

INTRODUCTION

The world of mass production is changing, but tae nature of the world that will
replace it remains unclear. This dissertation seeks to sketch the shape of the post-mass
production world more clearly, through a systemic description of an alternative production
paradigm -- flexible production. The dissertation then evaluates the consequences of the
transition to flexible production for manufacturing performance -- both productivity and
quality -- in automotive assembly, the quintessential mass production setting.

This chapter will introduce the argument of the dissertation, summarize its
theoretical, methodological, and practical implications, and provide an historical perspective
by reviewing changes in the automotive industry worldwide over the past two decades.
The concluding chapter will summarize the empirical findings of the dissertation but will
primarily address broader questions about the dynamics of flexible production over time,
its effects on individuals, and the rate and extent of its diffusion, both in the auto industry
and elsewhere.

Fiexible production systems are diffusing in automotive assembly because their
economic performance, as the dissertation will show, is superior to the mass production
systems that have long been judged the best "fit" to this task. | argue that the source of
flexibility in these production systems, and the reason for their superior performance, is
their organizational characteristics, rather than their technological capabilities or the
requirements of their product markets. These in turn provide a context in which
technology is used more flexibly, regardless of its inherent programmabiiity, and product

varietiy can be high or low depending on market demand and product strategy.



Mass and fiexible production, from this perspective, have a completely different
"organizational logic", which affects everything from the structure of the production
system (in such areas as work organization, human resource policies, and manufacturing
practices) to its culture -- the assumptions, norms, values, and ways of thinking about
problems that people in each production system manifest. To rinderstand these production
systems, | argue that a "configurational™ approach is needed, that seeks, both theoreticaily
and methodologically, to identify bundles of practices that capture their different logics.

The dissertation draws on data from two sources: quantitative data from a survey
of seventy automotive assembly plants worldwide, carried cut with John Krafcik through
M.LT.’s International Motor Vehicle Program, and qualitative data from a study of daily
problem-solving processes at three assembly plants in North America. The former data
address structural elements of the "organizational logic”, while the latter address those
cognitive aspects of production system culture that are revealed during problem-solving

activities.

Understanding Fiexible Production

| view flexible production as based on two sets of interdependent organizational
innovations. The first expands human capabilities, so that people can deal effectively with
contingencies (problem conditions) and achieve improvements in the production system,
while the second reduces the technical system’s ability to function in the face c¢i
contingencies, through the minimization of buffers of all kinds. The latter increases the
visibility of problem conditions and the pressure to deal with them speedily, whiie the
former creates the capability to do so effectively.

To expand human capabilities, flexible production relies on work organization and

human resource policies that yield a motivated, multiskilled, and adaptable workforce.
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Responsibilities for quality inspection, equipment maintenance, job specification, and
statistical process controi are systematically "pushed down" to lower organizational levels.
Most communication occurs laterally rather than hierarchically, across functional groups
whose boundaries are fuzzy or overlapping, rather than clearcut. Ongoing problem-solving
processes -- on the shop floor, between manufacturing and design, and between
asse:nblers and suppliers -- yield a continuous stream of incremental improvements,
aliowing the production system to cope effectively with change of all kinds.

To increase the sensitivity of the technical system to contingencies, flexibie
producti )an systems increase the technical interdependence of the production process
througt. the near-elimination of parts inventory, work-in-process inventory, separate
inspection and repair areas, and utility workers. This both minimizes waste and, more
importan:ly, provices immediate feedback that the workforce can use for system
improvement.

The organizational innovations of flexible production, and its distinctive “logic",
emerged from the experiments of Japanese companies in the 1950s and 1960s.
(Cusamano, 1985) While these innovations are thereby grounded in a particular historical
centext, many of the underlying ideas came from U.S. and European sources and have
heen developed independently in those regions.

Furthermore, the full-fledged model of flexible production developed in Japan is now
diffusing successfully to many different social and economic contexts. Thus, just as one
can speak of the characteristics of mass production without necessary reference to its
origin in the U.S., | will describe flexible production in terms of its generic organizational
characteristics rather than its link to Japan.

My colleagues at the International Motor Vehicle Program (Krafcik, 1988b; 1989a;

Womack, Jones, and Roos, 1990) have chosen the term "lean production™ to capture
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many of the same characteristics | identify as flexible production.' "Lean production is
‘lean’ because it uses less of everything compared with mass production -- half the human
effort in the factory, half the manufacturing space, half the investment in tools, half the
engineering hours to develop a new product in half the time.” (Womack et al., 1990, p. 13)

| believe that the term "lean™ successfully identifies the tremendous efficiency
advantages of this approach to production, and those aspects of the technical system,
such as the minimization of buffers, that underlie this superior economic performance. But
"lean” fails to capture the organizational and human resource characteristics that create
the ability to handle information, solve problems, cope with change, and achieve
continuous improvement -- characteristics better described in terms of flexibility. In
particular, it fails to capture the expansion of skill arid conceptual knowledge under flexible
production -- expansion to a degree that would be considered redundant and wasteful
under mass production. The technical system may be "lean" but the human system is
"enriched”.

In choosing the term "flexible production”, | also situate the dissertation amidst a
growing literature on flexibility, much of which derives from Piore and Sabel’s work on
"flexibie specialization” in The Second Industrial Divide (1984). | thereby differentiate my
definition of flexible production from Picre and Sabel’s model and from two other "pcst-

mass production” models that | identify as "flexible mass production™ and "neo-craft”.

ntributions of the Di ation

The dissertation seeks to make theoretical, methodological, and practica!

' Another difference is that | refer primarily to manufacturing, while Womack et al.

(1990) include all aspects of the automotive industry -- product development, supplier
relations, and distribution as well as manufacturing -- under the rubric of "production
system”.
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contributions to the study of organizations, technology, and human resources. The broad
conclusion of the dissertation, that flexible production achieves its eco.iomically superior
results primarily through organizational innovations, contradicts the conventional wisdorn
of economics, which expects technology and economies of scale to be determinative of
economic performance. It also contradicts much literature in organizational theory,
industrial relations, and business strategy that predicts deterministic links b~tween
task/technology and organization.

Many of the organizational characteristics of flexible production have been
described in these literatures for thirty years, e.g. Burns and Stalker’s (1961) "organic"
organizations, yet always in contexts like R&D labs or high-tech start-up firms that have
vaguely-defined tasks involving the creation of something completely new. Automotive
assembly, on the other hand, has always been a setting where the match of a standardized
task with a mechanistic organization seems self-apparent. Much of the analytical leverage
in this dissertation results from the unexpected appearance of flexible production in the
place where most organizational scholars would least expect it.

The dissertation, by analyzing both structural characteristics and problem-solving
processes of mass and flexible production systems, also allows for consideration of various
ways of conceptualizing the dynamics between structure and process. This effort also
begins to provide some understanding of the deep cognitive and cultural differences
between these production systems.

Methodologically, the dissertation seeks to demonstrate the vaive of a
"configurational” approach. From this perspective, organizations cannot be understood by
decomposing them 'nto independent elements but must be viewed as "bundles”. This may
be particularly true when addressing the causes of complex organizational outcomes, such

as productivity and quality, since these are likely to be "overdetermined” phenomena.
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Therefore, ! attern:t to capture the “organizaional logic” of mass and flexible production
by measuring bundles of practices of policies and analyzing them with appropriaie
statistical methods, i.e. cluster analysis.

The practical implications of the dissertation are consistent with a growing numidar
of recent studies of U.S. competitiveness that iocate the nation’s ecencitiic problems is
its failure to develop and utilize human capabilities, its difficulty in absorbing and achigving
the benefits of advanced technologies, and its attachment to the philosophies and practices
of mass production that were central in achieving econumic dominance thirty to forty years
a3o. (Dertouzos et al., 1983; Cuomo Commission, 1988; Kochan and Useem, 1990) The
advantage of the dissertation over these studies lies in its idetification of the distinciive
"logic” cf flexible prcduction, and in its lessons for the diffusion of this different approach -
- particularly the importarce of systemic change tha: focuses on changing underlying

processes rather than implementing structural cinangas.

Description o° the Dissertation

Thea dissertation is organized into e:ght chapstcr.. Lhapter 1 ccritains an overview
of the dissertation and a discussion (below) of the research cortext ihat focuses on the
changing competitive situation in the wirld auto industry over the past twaaty-five yeais
and changing explanations ci competitive advan:age.

Chapter 2 develops the argument that understanding the transition to fle:ibie
production requires organizationaily-grounded models of production systems. | first
describe the key elements of mass and flexible production in the auto industry. | then
review various literatures that help (or don’t help) in understanding these production
systems. Next, ased on the descriptions and the literature, | define “ideal types” of mass

and flexible production, identifying both structural and cultural aspects of their
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“organizational logic". Finally, | distinguish flexible production from other post-mass
production models.

Chapter 3 outlines the research strategy for the dissertation; describes the
international Assembly Plant Study, carried out with John Krafcik, that provides the
quantitative data; and presents a mode! of the production system that identifies the
variables to be measured and the operationalization of those variables.

Chapters 4 through 6 focus on analyses of the International Assembly Plant Study
data. Chapter 4 presents a univariate analysis of the relationship between production
organization and manufacturing performance. Chapter & examines the "integration
hypothesis”, which emphasizes the interaction of production organization and technology
and its effect on manufacturing performance. Chapter 6 adds a set of control variables,
including mix complexity, parts complexity, product design age, and scale, for a full
multivariate analysis of manufacturing performance.

In all three chapters, there are iwo parallel data analyses -- the first involving the
Production Organization measure, an additive index, together with other independent
variables, and the second involving a cluster analysis that groups plants using tne variables
that make up the Production Organization index and the technology measures.

Chapter 7 reports on the qualitative data from the study of problem-solving
processes in three assembliy plants, considering the relationship between these processes
and the structural aspects of production systems measured quantitatively, and emphasizing
differences between mass production and flexible production plants in problem definition,
problem analysis, the organization of problem-solving groups, and liaison rcles.

Chapter 8 summarizes the conclusions of the dissértaiian and, 2s mentioned above,

explores the broade- implications of the transition to flexible production.
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The Research Context: Upheaval_in the World Auto industry

The automotive industry has many advantages for studying the transition from
mass production to flexible production. It continues to be the largest and most important
manufacturing industry in the world, with nearly 50 millon new vehicles produced per
year, crucial to the economies cf neaily all advanced industrial countries (and several newly
industrialized countries) in its impact on GNP, empioyment, and trade baiances.

It has also experienced tremendous competitive upheaval in recent years that
exemplifies all of the broad economic and techneiogical trends affecting mass production:
the internationalization of economic activity, shorter product life cycles, the increasing
differentiation of product markets li.e. the diminishing appeal of "mass" products), *he
increasing demand for "quality” in both products and the services associated with them,
and the increased use of micreprocessor-based information processing and manufacturing
technologies. (Piore and Sabel, 1984; Jaikumar, 1986; Powell, 1987; Kenney and Florida,
1988; Piore, 1989a; Dertouzos, Solow, and Lester, 1389)

I will here briefly review developments in the auto industry over the past twenty-
five years, highlighting the competitive situation and competing explanations of competitive
advantage.? This period has proven toc be, on the whole, a time of decline for the
American auto companies that pioneered mass production and a time of ascendancy for
the Japanese companies that pioneered flexible production. But while this is broadly true,
this regional distinction is increasingly irrelevant. The more accurate statement about the
competitive situation in 1990 is that, irrespective of region, the ascendent companies have

mastered (at least partially) the logic of fiexible production, while declining companies ha~

2 My understanding of the world auto industry, and this brief review, have been heavily
influenced by the excellent work of my colleagues in the Internationa! Motor Vehicle
Program, summarized in Womack et al. (1990). They are not, however, responsible for the
emphasis and interpretation | have chosen.
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not. Thus the transition from mass production to flexible production in automotive
assembly is, in large part, a story of some Japanese and American companies that are
thriving and some that are not.

The European situation is more complicated. European compinies largely prospered
during the past twenty-five years, but did so following straiegies tiiat leave them now
further from the implementation of flexible production than any other region. During this
time, the volume producers (VW, Fiat, Renault) mostly contirued their move towards the
high velume, standard product approach of imass production th:at proved elusive in earlier
years, when production volumes were low and craft methads were more strongly
entrenched. European luxury/specialist producers, on the other ha::d, censinued to move
their high quality niche products into higher and higher price categorizs, while keeping their
craft-influenced production systems largely intact. Even such visible experiments as the
Volvo plants at Kalmar and Uddevala are best understood as steps towards a neo-craft
model rather than flexible production, as defined here.®

While competition within Europe has been intense, both wvolume and
luvury/specialist producers have faced little challenge from Japanese companies, largely
because of trade barriers. This will change as Japanese rompanies build production
facilities in Europe, and as American companies such as rord diffuse the lessens learned
in their U.S. operations to their European plants. But for now, the transition to flexible
production in automotive assembly largely excludes Furope. (Jones, 1989; 1990)

Plants in Australia and the New Entrant countries of Korea, Mexico, Brazil, and
Taiwan (most of which are owned by foreign multinationals) generally have older
technology, older products, and follow older management and production policies. Thus

they have largely remained in the mass production world. But increasingly, some plants

3 See Chapter 2 for more discussion on this point.
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in New Entrant companies are atternpting to introduce flexible production systems, so they
become part of the story of the transition away from mass prodiiction.

Figures 1-1 and 1-2 show the broad production and sales trends from 1955, the
height of the dominance of U.S. mass producers, to 1989. The in:rediate postwar period,
up until the mid-1960s, saw the recovery of European companies and the expansion of
Ford and GM production in Europe. The world share of North American production dropped
from nearly 75% to 49%, while the European share grew to 35%. But the U.S. market
remained firmly in the grasp of the Big Three, who still held 34% of the market in 1965.

Much of the subsequent decline in the dominance of the U.S. Big Three was linked
to the dramatic success of Japanese companies. From 1965 to 1989, the world share of
North American vehicle production dropped by 23%, from 49% to 26%, while Japan’s
share grew by almost the same amount, from 7% to 26%; at the same time, the European
share declined by 4% and the New Entrant share grew by 4%. During this same time,
U.S.-owned companies saw their share of U.S. market sales drop by one-third, to 62%.

| will focus on developments in the U.S. market from this point on, since it has been
the primary scene for these dramatic competitive shifts. Looking back over this period
from a U.S. perspective, we can view the 1970s as a time when U.S. companies became
prainfully aware of their competitive woes, particularly with respect to Japanese
competitors, and the 1980s as a time when those companies debated various explanations
for those problems and attempted various remedies, with mixed resuilts.

In the 1970s, two nil shocks drove U.S. consumers towards smaller cars, and U.S.
companies were slow to respond to Japanese competitors who provided such products,
together with better reliability and pricing. Meanwhile, European luxury/specialty products
successfully cut into the most profitable part of the U.S. market. Also in the 1970s, U.S.

products were acquiring a reputation for quality problems, in comparison with its
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Figure 1-1: Shares of World Motor Yehicle Production by Region, 1955~1989
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Note:  This figure includes al! vehicles produced within the three major regions, by all companies
operating in those regions. In addition, it groups the production of the newly industrializing
countries and of the rest of the world.

. NA = North America: United States and Canada

E = Western Europe, including Scandinavia
J = Japan
NIC = Newly industrializing countries, principaily Korea, Brazil, and Mexico

ROW = Rest of the world, inc'uding the Soviet Union, Eastern Europe, and China
Source: Calcutated by the authors from Automotive News Market Data Book, 19%0 edition, p. 3.

Figure 1-2:  opare of the American Car Market Held by the American-Owned
Companies, 1955-1989

Share (%)

s
T

1955 1958 1981 1964 1887 1970 1973 1976 1979 1982 1985 1988

Year

Note:  These shares include vehicles imported by the American-owned firms from their whoily
owned and joint-venture factories abroad. They do not include “‘captive” imports purchased
from independent foreign firms.

ouree: 1955-1981 from Autornotive News Market Data Book, based on vehicle registrations.
1982-1989 from Ward's Automotive Reports, based on vehicle sales.

Source: Womack, Jones, and Roos (1990).
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competitors. By the end of the decade, Chrysler was near bankruptcy and seeking
government loan guarantees, while Ford was kept from that precarious position only by
European profits. General Motors was still relatively unscathed, apparently large enough
and rich enough to ride out the storm.

By the end of the 1970s, the prevailing wisdom about the competitive woes of the
U.S. industry focused on four things:

1) The impact of higher fuel prices on product demand;

2) The slowness of U.S. companies to respond to the demand for smaller, more
fuel efficient cars;

3) The tendency for mature industries to move to locations with lower factor costs;

4) Inherent advantages of the Japanese companies.

During the 1980s, a series of developments challenged all four of these potential
explanations.

First, fuel prices fell by the mid-80s and remained low unti! the Persian Gulf crisis
in the summer of 1990. This prompted increased consumer demand for bigger, more
powerful vehicles, thus helping U.S. companies, who had traditionally dominated this
market segment.* But this also helpad accelerate the move nent of Japanese companies
into making larger products. Their success in these new product segments, and
particularly the luxury products of the Acura (Honda), Infiniti (Nissan), and Lexus (Toyota)
lines, makes it clear that the Japanese competitive advantage goes well beyond small cars.

Second, U.S. companies did begin the switch to smaller, lighter front wheel drive
designs in response both to Japanese competitors and government fue! economy

regulations. But they also sought to buy time for this change in a variety of ways. With

4 By 1980, this situation was once again reversed, with the Persian Gulf crisis, new
federal taxes on fuel, and heightened concerns about air poliution once again favoring
smaller, fuel efficient vehicles. This may once again give a boost to Japanese companies,
who, despite their move to larger product segments, still have a more fuel-efficient fleet.
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their production and sales slump continuing into the early 1980s, the U.S. companies
lobbied the federal government for short-term protection from the surge of Japanese
imports. The resulting Voluntary Restriction Agreements (VRA) avoided formal quotas but
effectively capped Japanese exports at their 1980 level.

Ford and Chrysler responded to this breathing room with major initiatives in quality
improvement and labor relations and with successful new products (Chrysler’'s K-car and
minivan; Ford's Taurus/Sable) and saw a resurgence of sales. GM launched similar
initiatives during this period, but had little success with its new products, which were slow
to the market and criticized as "look-alikes”. Instead, GM put its strategic emphasis on
such high-visibility projects as Saturn, the separate subsidiary that sought to reestablish
profitable small car production at GM; the acquisition of high-tech expertise, in the form
of companies like EDS and Hughes; and a major push on advanced factory automation at
such new piants as Hamtramck.

Despite some downsizing of products in all segments, the Big Three, for the most
part, abandoned the small car segment of the market. To preserve a full range of products,
all of the Big Three established linkages with Japanese partners to acquire small cars --
Ford with Mazda, Chrysler with Mitsubishi, and GM with Isuzu, Suzuki, and Toyota. By
the mid-1980s, these linkages extended to joint ventures -- the NUMMI joint venture
bezween GM and Toyota; Mazda’s Flat Rock ptant, producing a product for Ford; and the
Chrysler-Mitsubishi Diamond-Star plant.

Japanese companies approached these linkages quite differently -- as a way to gain
a production foothold in the U.S. market. Under the VRA, the only way for Japanese
companies to increase their U.S. market share was to build cars in the U.S. Honda, with
a small market share and limited distribution network in Japan, was the first to open a U.S.

plant (in 1982), followed soon thereafter by Nissan (1983), Toyota (at NUMMI, in 1984),
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Mazda (1987), Mitsubishi (at Diamond-Star in 1989), and Subaru/lsuzu (1989).°® By
1980, the announced capacity for these so-called "transplants” was over 2 million cars per
year. The attempt to buy time for the U.S. industry to regroup only succeeded in
accelerating the pace of transferring production from Japan to the U.S.

Third, the idea that the auto industry was inevitably moving "off-shore”, to
locations with lower factor costs, was challenged by a number of developments. In the
late 70s and early 80s, many studies identified the Japanese advantage as one of lower
wage rates (see below). But by the mid-80s, major exchange rate shifts, steady pay
increases in Japan, and concession bargaining in the U.S. produced a situation in which
U.S. real wages were less than those in Japan.

The successful debut of Korean products in the North American market, primarily
from Hyundai, that quickly grabbed 10% of the Canadian market and 4% of the U.S.
market from 1986-38, also appeared to support the "off-shore" argument. But from 1988
to 1990, sales of Korean preducts dropped by 50% as the quality problems of earlier
model years became apparent. (Womack et al., 1990) The complete collapse during this
time of the low-cost Yugo product, whose quality problems were even worse, was another
sign that low factor costs, and the low prices they allowed, were not a ticket to success
in a market that had come to expect high levels of quality and reliability.

Fourth, the arrival of Japanese transplants in xhe U.S. began to challenge the
commonplace explanations of Japanese competitive advantage that had been advanced
and debated in the late 1970s and early 1980s. Among these explanations were:

1. Lower .Japanese wage rates. Several studies of the "landed cost differential”

between comparable U.S. and Japanese products found a gap of between $750

and $1,500. (Abernathy, 1982). Most early studies attributed this difference to
lower wages and benefits in Japan, and these figures were used to press the UAW

® Honda and Toyota have since opened additional new plants in Canada and the U.S. -
- in 1987 and 1989 for Honda, respectively, and in 1988 for both Toyota plants.
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for concessions in the 1982 national bargaining. Two later studies found a similar
gap but attributed it to different causes: the Harbour study peinted to appreciable
productivity advantages based on Japanese production methods, while the UAW-
commissioned Telesis study pointed to much lower levels of management and staff
employees in Japanese plants.

2. Unigue cultural attributes. From this perspective, the Japanese advantage was

due to the strong werk ethic and longer working hours of Japanese ernployees; a

group orientation more supportive of teamwork than the iiidividualistic Western

orientation; cooperative enterprise unions; and internal labor market policies

(notably recruitment from school, firm-specific training, low job mobility, and

lifetime employment) that increased individual commitment tc the firm.

3. Automation. Amid a wave of concern about the potential effects of relatively

low-cost and sophisticated rebotic technology, many media reports conciuded that

Japan had a substantial advantage due to its more rapic implementation of this

technology. This in turn led to explanations about the lower cost of capital in

Japan (based in part on a higher savings rate) as the source of a higher level of

capital investment, particularly in new technologies.

All of these explanations were undermined by the experience of the Japanese plants
in the United States. Within a few years after opening, the "transplants”, using American
workers, engineers, managers and {at NUMMI and Mazda) union officials, achieved
performance results, in terms of both productivity and quality, that matched or surpassed
most American plants. Their wages and benefits were essentially equivalent to U.S. plants
(although, with a new young workforce, their pension costs were, and continue to be,
much lower). Their level of technology ranged from moderate (at NUMMI and Honda'’s first
plant) to high (at Mazda, Nissan, and Diamond-Star}), but was often less in amount and
sophistication that the most advanced U.S. plants. Finally, these planis implemented a
production system and set of human resource practices nearly identical to that used by
their companies in Japan, despite the very different social and economic context.

The NUMMI case was particularly intriguing, because unlike the “greenfield” plants
opened by Honda and Nissan in Ohio and Tennessee, it occupied a former GM plant in

California and hired its employees from the ranks of the former GM workforce. Union

officials from what had been regarded as one of the most miilitant local unions at GM were
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brought back as well. Yet within a year of opening, NUMMI had the best quaiity and
productivity of any GM-affiliated plant, and the Icwest absenteeism and grievance rates
as well. (Krafcik, 1986; Brown and Reich, 1989)

NUMMI thus served as a kind of natural experiment -- with the physical plant,
workforce, union, cultural context, and level of technology® held constant -- for testing
hypotheses about the sources of manufacturing performance. Its success highlighted the
fact that what had changed from the old GM plant, essentially, was the approach to
organizing the production system, which in turn reflected a very different approach to
managing human resources and managing technology. In the terms of this dissertation,
NUMMI had succeeded by effectively implementing a flexible production system.

Thus the experience of the transplants highlighted the role of the production system
as the source of superior manufacturing performance, rather than factor costs, culturai
attributes, or technological superiority. Furthermore, the success of the transplants
es'ablished that the Japanese approach to production could be successfully transferred to
a very different cultural context. (Shimada and MacDuffie, 1987)

Also revealed during the 1980s were significant Japanese advantages in other parts
of the auto industry besides manufacturing: product development, supplier networks, and
distribution. (These are described in Womack et al., 1990) In these areas, as in the
factory, the primary advantages appear to be erganizational -- shorter product development
cycles and better design manufacturability through simultarieous engineering (Ciark, Chew,

and Fujimoto, 1987); better coordination of deliveries, inventory management, quality, and

® NUMMI did make a substantial investment in technology for the Fremont plant,

installing a stamping plant (GM had received stampings from an internal supplier), and
renovating the weld and paint departments. (Krafcik, 1986) But the resulting leve! of
technology was still moderate, and not appreciably different from the former GM plant,
particuiarly in comparison to new plants opened in the U.S. during the 1980s by both
American and Japanese companies. Since that time, after thoroughly establishing its
production system, NUMMI has added considerably more advanced technology.
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compenent design through effective supplier relations (Nishiguchi, 1989; Lamming, 1989);
and a closer link between market requirements (both consumer product preferences and
delivery time) and production capabilities (Shimokawa, 1989).

At the end of the 80s, the situation of the U.S. auto companies can be assessed,
in part, by how well they have absorbed the message that a very different production
system -- flexible production -- is the source of Japanese competitive advantage. In the
U.S., two of the Big Three are again in trouble. Chrysier failed to capitalize on its dramatic
recovery from bankruptcy, keeping its older product designs in production too long whiie
failing to develop new designs, and maintaining a largely traditional mass production
system. Efforts to introduce the team-based work organization of flexible production have
been largely unsuccessfui, due in part to the failure to make other fundamental changes
in the production system. Furthermore, Chrysler appears to have learned little from its joint
venture with Mitsubishi. As a result, Chrysler is once again facing a financial crisis.

GM, which still looked strong at the end of the 1970s, suffered a dramatic loss of
market share during the 1980s - from 46% to 35%. (n part, this reflected the fact that
GM went through the restructuring process caused by the 1970s impc:t surge a few years
later than Ford and Chrysler. But it also reflects the fate of the major strategic initiatives
launched by GM in the early 80s. Some were remarkably slow to be implemented -- the
GM-10 product development effort took seven years, and Saturn has just begun production
in the fall of 1990). Others were problem-laden -- the ahsorption of companies like EDS
proved extremely difficult, and the Hamtramck plant, a showcase for GM’s most advanced
technology, became a symbol of the failure of a high tech-orly strategy.

Finally, GM was slow to iearn from the experience of NUMMI, despite having the
opportunity to observe it first-hand. While many GM plants attempted to introduce the

"tearn concept”, these efforts were largely motivated by the goal of increasing participation
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and remained isolated from changes in the production process, which were focused almost
exclusively on implementing advanced automation. At the very end of the 80s, an
integrated effort to change the production system (the Quality Network) was beginning to
be implemented, and the Saturn plant, GM'’s laboratory for flexible production, was just
opening. While some plants are already achieving considerable success with this new
approach, it remains to be seen whether GM will be ahle to diffuse the principles of flexible
production through its immen<e system.

Of the Big Three, Ford has accomplished the most in mastering the principles of
flexible production. Ford faced financial difficulties much earlier than GM and more
precipitously. The strong sense of crisis that resuited focused attention on fundamental
changes in Ford’s ways of doing business, from product development to manufacturing to
labor relations. Because of the crisis, Ford was also quite receptive to what it could learn
from outside the company, particularly from Japan, and with its purchase in 1979 of 25%
of Mazda, it had close-up exposure to a valuable "learning example”.” One result has
been a cominitment to quality improvement that has brought about a substantial shift
towards the principles of flexible procduction.

But another result has been a cautious strategy of taking the time for a new quality
philosophy to sink in before attempting major changes in work organization (e.g. teams),
human resource policies, inventory practices, or product development processes. While

perhaps a wise choice in the mid-1980s, this caution has persisted, with the result that

7 Mazda was in the midst of its own transition at the time, based on its own crisis in
the mid-1970s. At the manufacturing level, Mazda chose to adopt, as completely as
possible, the Toyota Production System. At the time Ford purchased its share of Mazda,
this process of learning from Toyota was still fully in place, so that Ford had the chance
to iearn not only the principles of Toycta’s production system but also to see how to
implement it.
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Ford appears to be stuck at a transitional state between mass and flexible production.®
Without moving ahead to a more fundamental embrace of flexible production, Ford will feel
the pull back to familiar ways learned during decades of mass production experience. Thus
one important question for the 1990s is whether Ford will fully join the ranks of the
companies who have mastered flexibie production.

The performance of Japanese automotive companies has also varied during the
1980s. The principles of fiexible production have diffused quite thoroughly in Japan, so
that the variance in production systems arnong these companies is much less significant
than their differerices from most: U.S. and European companies. In addition, many Western
observers (including myself) have tended to treat the Japanese companies as a whole, so
that less is knowwn about differences among these companies. However, just as mass
production systems can l-:e mianaged more and less capably, so too can distinctions be
made among flexible production companies.

Tovota is the acknowledged pioneer of flexible production, followed closely by
Honda, which has developed its own unique variant. Nissan, Mazda, and Mitsubishi come
to flexible production much more recently -- Nissan because of its long history of borrowing
technology and production methods from Western partners (Cusamano, 1985), Mazda
because of its predominantly engineering focus and its near-bankruptcy in the mid-1980s,
and Mitsubishi because of its relatively recent emphasis on the automotive sector in
relation to its many other industrial accvities. Smalier Japanese companies -- Isuzu,
Suzuki, Subaru, and Daihatsu -- have adopted flexible production principles in large part,
but do not appear to have mastered this approach as thoroughly as their larger

competitors. It is likely that the gap among the Japanese companies will widen in the

® The Ford case in the problzm-solving study, described in Chapter 7 provides much
of the basis for this assessment.
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1990s, and that this will be due, in part, to their relative success with flexible production.

In summary, the experiences of the 1980s have steadily pushed aside the prevailing
wisdom about the competitive situation that existed at the beginning of the decade.
Thrust to the center is a very different explanation -- that the dramatic competitive shifts
have resulted from fundamental, systemic differences between mass production and
flexible production, and the inherent economic performance advantages that accrue to
those companies that master the: latter approach. (Krafcik, 1988a, 1988b, 1989a; Kratcik
and MacDuffie, 1989; MacDuffie and Krafcik, 1§agb, 19290).

In Chapter 2, | examine mass production and f.2xible production systems in greater
detail, and describes the research framework that will guide the subsequent investigation
of their "organizational logic™ and their link to manufacturing performance and problem-

solving processes.
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CHAPTER 2

29

BEYOND MASS PRODUCTION? EXAMINING MODELS OF PRODUCTION ORGANIZATION

Chapter 1 describes a time of upheaval and innovation for the global automotive
industry, and the rise of an alternative riodel -- flexible production -- based on
organizational innovations that yicld significant performance advantages. In this chapter,
| explore the key eleinents of flexible preduction in more detail and discuss how this
approach to production chaillenges many icng-established theories -- theories that were
developed based on observations of the mass production worid.

| then draw out, inductively, the key organizational characteristics -- the
"organizational logic" -- of mass production and flexible production, viewed as "ideal
types”. | further distinguish two dimensions of this "logic” -- a "structural logic", related
to patterns of work roles and administrative mechanisnis, and a "cuitural logic", related to
how individuals think about the production system and their role in its operation. Thase
pelar types provide the parameters for a discussion of different models of production
organization, aimed at identifying the precise mode! of flexible production for the empirical

work in later chapters.

A. KEY ELEMENTS OF FLEXIBLE PRODUCTION

intr ion
My research on flexibie production has been a process of discovery -- first, the
discovery of its distinctive logic (and the transferability of thar logic) from my study of

Japanese-owned assembly plants in North America with Haruo Shimada (Shimada and



MacDuffie, 1987), and seccnd, the discovery of the many ways in which this logic
chalienged theories and concepts from the organization studies and industrial relations
literature.

Mass production provides the reference point for most alternative models of
production. The hallmarks of this dominani model of production, and their historical origins
in the U.S., are well-known (Hounshell, 1984; Hughes, 1988; Womack et al., 1930):

1. Interchangeable parts, resulting from technical advances in steelmaking, machine

tool design, gauging, and parts design during the latter half of the 19th century, in

a variety of American industries {2.g. guns; sewing machines);

2. Product standardization and the principle of continuous flow, embodied in the

moving assembly line, 'irought together by Henry Ford at the Highland Park Model

T factory (c. 1913-15);

3. Task specialization through a highly rationalized division of labor and the

separation of conceptual (managerial) werk from production work, both aspects of

rrederick Taylor’s "scientific management” philosophy (c. 1911-13);

4. Large-scale organizational bureaucracy, with a centralized hierarchy of managers

and staff, snecialized by function, to handle the unprecedented coordination

requirements of producing and distributing "mass” products for ever-larger "mass”
markets, diffusing broadly in the late 1800s and early 1900s.

Most efforts to establish a "post-mass production” model, such as the Volvo
experiments at its Kalmar and Uddevala assembly plants, have taken aim at three central
characteristics of mass production: 1) the machine pacing of the assembly line, which
constrains the autonomy of individual employees; 2) narrowly-defined, repetitive, and low
skill tasks; and 3) a strong supervisory presence, directed towards controlling and
monitoring worker behavior.

Accordingly, the alternative model used at Volvo stresses the elimination of the
assembly line, to provide workers with more control over work pace; broadly-defined tasks

and rotation among tasks, to make work more challenging; and self-managing teams that
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31
absorb supervisory responsibilities, and thereby require little monitoring.

These were the organizational characteristics | expected to find in the Japanese
transplants. To my surprise, | found none of them.' These plants all continued to use a
moving assembly line, and process technology that differed little frem a mass production
plant. Jobs were defined around similarly narrow production tasks, although job
requirements were expanded in other ways and the relationship between workers and jobs
was approached quite differently. Work teams were being used, but they were not self-
managing, and supervisors still held significant authority.

Yet as | talked to American worksrs and managers in the transplants, | learned that
these plants followed very different principles from a mass production plant. Only a few
of these differences were readily visible. The transplants were clean, relatively quiet, and
more compact, in terms of space utilization, than most traditional assembly plants. They
had stamping presses on-site, rather than receiving stampings from a supplier. Many
graphs, charts, and lists of job specifications were posted near most work stations. It was
difficult to tell managers and engineers from production workers, for noone wore ties and
most wore a company uniform and hat.

Over the course of a day in these plants, other differences became apparent. The
physical environment of the plant -- the low noise, lack of visual obstructions, and close
proximity of different sections -- made it relatively easy for peopie to talk with each other.
There were no big piles of inventory next to the assembly line, or filling whole bays of the
plant.

When the body shop encountered dents on a stamped body part, it couid send

someone immediately to tell the stamping department. Inventories of stamped parts were

' I now view these characteristics as part of a "neo-craft” model, which is discussed in greater
detail below.



also low, with only 500-800 of each part (cornpared with thousands in a typical stamping
plant) being made at a time, so very few dented parts would be "in the pipeline”. When
switching to make another part, a team of workers, working as quickly and smoothly as
a pit crew at the Indy 500, changed the stamping die in under 10 minutes -- a far cry from
the five or six hours needed in a traditional plant.

The charts, graphs, and lists next to the assembly line included statistical
information about quality problems, detailed job specifications, and information about
department cost and quality performance. The quality charts were filled out by production
workers themselves, since, upor: further investigation, it became clear that the plant had
no separate quality inspectors. Production workers also modified job specifications when
necessary, in consuitation with their team leader -- once again, because the plant had no
industrial engineers to do the job.

Many of the uniformed people on the shop floor turned out to be managers,
engineers, and trainers, who seemed to spend most of their time in the plant. A visit to
the administrative offices of the plant revealed a mostly empty room with rows of desks
facing each other, unseparated by dividers. Only after a shift did the managers, engineers,
and trainers return to their desks, to talk over the day’s production activities.

Sometimes, when a problem would occur on the shop floor -- a machine
breakdown, a defective part -- a worker would pull a cord to stop the assembly line. Signs
near that work station would light up, and groups of people, including managers and
engineers, would gather quickly around the problem and work at a furious pace to get the
line moving again. With inventory levels so low, any lengthy stopping of the assembly line
could close down all downstream operations. The work team for that operation would
meet after the shift to work on a permanent remedy for that problem.

As our investigations at the transplants continued, it became clear that these
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observations were just a sample of broad and comprehensive differences from traditional
mass production -- a different "logic” that encompassed the goals of the production system
and the way technical and human capabilities were organized.

Since these plants were operating quite successfully in the U.S. context, with
American managers, engineers, workers, and, in somg cases, unions, it seemed
inappropriate to identify this logic as "Japanese®, although it was clearly being transferred
from Japan. Far preferable, | decided, was an approach that would identify the generic
organizational characteristics of the production system in these plants.

This would sharpen the contrast both with traditional mass production and with the
"post-mass production” expectations | had brought to these plants. It could also provide
the basis for an empirical investigation of differences in production organization for plants
in many different settings. In the rest of this section, | describe these organizational

cha:acteristics.

verview

Flexible production is oriented towards different goals than mass production. As
a result, it organizes both technical capabilities and human capabilities in different ways.

As mentioned in Chapter 1, the technical system becomes more "lean® through the
minimizing of buffers, and therefore more sensitive to problem conditions {i.e. less able to
function whien problems are unresolved). At the same time, human capabilities are
"enriched”, as employees develop the capacity to deal with problem conditions when they
occur, and thus make it possible tc operate a "low buffers” production system. This
requires a workforce that is skilled, able to adapt quickly to changing circumstances, and
motivated to respond to problem conditions. Haruo Shimada and | (1987) have described

this relationship between technicil and human capabilities as "humanware"”.
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Production Goals

Under flexible production, productivity and quality are regarded as complementary
goals, with no necessary tradeoff. Thus the preduction system is organized both to
eliminate quality defects and to reduce costs, unlike mass production, where it is generally
assumed that achieving high productivity would hurt quality (and vice-versa).

While both productivity and quality are accorded equal importance under flexible
production, quality is the goal that shapes how people think about the production system.
Quality is understood as the process of eliminating waste, where "waste" includes
defective parts, unneeded space (in equipment layout), unnecessary motion (in how jobs
are performed), repair activities (not required if you "get it right the first time"), poorly-
designed (in ergonomic terms) work processes that drain energy or lead to accidents, and
disposable packaging for supplies (e.g. cardboard boxes that can’t be reused), among many
other things.

The expectation, under flexible production, is that if you worry about quality and
the minimization of waste, cost savings will follow as a natural consequence. This
encourages a longer time frame for thinking about costs, in which incurring short-term
costs for quality improvement that yield the long-term elimination of waste is not only
tolerated but encouraged.

This "first among equals” treatment of quality as a goal has several consequences.
First, while productivity and efficiency are goals that often divide managers and workers,
especially in the absence of norms of emplcyment continuity, quality is a unifying, mutually
beneficial gcal, in terms of better sales and more "pride in work". (Cole, 1990a) Second,
while productivity has a primarily internal referent -- company profitability -- quality has an

external referent -- the customer. Flexible production plants tend to rely much more
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heavily on customer-based measures of quality than mass production plants, which rely
more on internal quality audits (cf. Chapter 7); this reinforces the unifying purpose of
providing better quality to the customer.

Finally, Dore (1983} suggests that exchange relations shift fundamentally when
quality is the primary criterion for a successful transaction. This may be, he suggests, a
function of affluence, when consumers shift their attention from the "what" of price to the
"which" of identifying desirabie product characteristics. When quality is the goal, Dore
argues, exchange norms shift in the direction of trust and reciprocal obligation, since
quality depends on (and promotes) repeated, reliable actions by both parties to a
transaction -- manufacturer and customer, assembler and supplier, or manager and
employee.

Thus the primacy of quality as a goal favors a particular approach to business
relationships, both inter- and intra-organizationally. This is turn affects the configuration

of technical and human capabilities.

Techni iliti

in order to achieve the complementary goals of productivity and quality, the
technical system under flexible production takes a very different approach to buffers and
production lot size.

Minimization of buffers. Under mass production, disruptions to the production
process (sales fluctuations, supply interruptions, equipment breakdowns) prevent the
realization of economies of scale. A.ccordingiy, buffers such as extra inventories, repair
space, or utility workers, are added to the production system. These buffers essentially
create organizationa! slack that minimizes the impact of unforeseen contingencies.

But under flexible production, such buffers are seen as costly, for several reasons.
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The buffers represent a commitment of resources not directly devoted to preduction.
Inventory buffers in particular are costly to store and handle, and can hinder the move from
one product design to another.

Most importantly, buffers can hide production problems. So buffers are minimized
under flexible production, so tha. problems become visible immediately, creating pressure
to resolve them. If a quality problem with a part is found and inventory stocks are high, it
is easy to throw out the bad part and draw ancther from inventory. But if inventories are
very low, as with a Just-in-Time inventory system, a bad part draws immediate attention,
and must be dealt with, to prevent the production system from grinding to a halt.
Similarly, a large repair area is a buffer that catches production problems after-the-fact.
When the repair area is very small, defective products have nowhere to go, thus reinforcing
the need to "build in" rather than "inspect in" quality.

Small lot _production. Produciion is also carried out in smzll lots under flexible
production, not the very large lots of mass production. While this requires more frequent
equipment set-up, flexible production plants reduce setup times dramatically, by
automating as much of the process as possible, doing preparation for the changeover while
machines are still running, and training teams to specialize in setup. For example, most
flexible production plants are able to change the die on a stamping press in less than 10
minutes, in comparison with the several hours required in a mass production plant.

Cusamano (1986; 1988) argues that Japanese auto companies developed many of
the innovations of flexible production because of a market context in the postwar years
with low consumer demand and high competition, requiring small lot production. The
advantages of mastering small lot production were, he writes:

... higher worker output and utilization rates for machinery, faster inventery

turnover, and even higher quality -- since "just-in-time" systems did not tolerate
defectives or equipment breakdowns, and Japanese workers producing in smalier
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lots found they were able to pay greater attention to what they were doing. (1386,
p.26)

But these advantages of small lot production far outlasted the market conditions
that gave rise to tham. Even as exports grew and volurnes per product increased to mass
production levels, Japanese companies mairitained their practice of producing in small lots.

This is because both small lot production and the minimization of buffers not only
help to reduce costs and increase flexibility with respect to product changes, but also serve
a cybernetic or feedback function, providing valuable information about production
problems that can be used to improve the production system. This is similar to the
"informating™ concept of Zuboff (1988), although it is based less on intrinsic
characteristics of the technology than on choices about how the technical system is
organized. Thus the technical system provides information about problem conditinns in the
production process, while also becoming more susceptible to interruption when problems

occur.

While the technical system becomes "lean™ under flexible production, human
capabilities are enriched, providing the "buffer” that allows the technical system to
function. Instead of attempting to deal with problem conditions by making the technical
system more adaptable, flexible production operates under the assumption that people are
more capable of responding effectively to contingencies.

Continuous improvement. Central to the relationship between technical and human
capabilities under flexible production is the philosophy of continuous improvement, known
in Japan as "kaizen". The basis for this philosophy, pioneered by Taiichi Ono at Toyota,

that problems are opportunities for learning. Here is an excerpt from Ono’s book

37



Workplace Management:

| tell workers to turn the machine off if they discover a problem because once it is

off they can look for a solution.... Since considerable losses are incurred when a

machine stops, figuring out how to continue production without stopping is clearly

linked to quality improvement.

When we were first starting out, | used to teil people in the Motomachi nlant 10

turn off machines if they grew tired. If they did, | would ask the group leader or

foreman why the workers had been given such tiring tasks. They would say that
workers turned off machines because they were attaching defective parts. "Well
then,” | would ask, "how can you prevent them from attaching defective parts?”

(1988, p. 91)

This philosephy has become institutionalized in a problem-solving procedure krnown
as the “five whys". As illustrated in Ono’s quote, the idea is to identify the "root cause”
of a problem by repeatedly asking what may underlie its most obvious manifestations.
Kaizen, therefore, requires a careful and extensive understanding of the current situation
so that the appropriate remedy can be found.

A Multiskilled Workforce. A muitiskilled and committed workforce is critical to the
implementation of this continuous improvement philosophy, together with a "lean”
technical system. With the reduction of buffers, workers must be able to identify and
resolve quality problems as they appear on the line. To do so, they must have both a
conceptual grasp of the production process and the analytical skills to identify the root
cause of problems. This in turn requires a decentralization of production responsibilities
from specialized inspectors and engineers to production workers and a variety of
multiskilling practices, including extensive off- and on-the-job training, work ‘eams, quality
circles and job rotation within a few broad job classifications. These practices provide the
basis, in large part, for the measurement of work organization and human resource
management policies in the empirical work below, and, as such, they are described in more

detail in Chapter 3.

Reciprocal Obligation. These multiple skills and conceptual knowledge are of little
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use unless workers are motivated to contribute mental as well as physical effort. The
attentivenass, analytical perspective, and creativity needed for incremental problem-solving
can not be attained through close supervision or the elaborate control systems used to
insure compliance in a mass production system.

Workers will bring those qualities to their jobs only if they believe there is a real
alignment between their individual interests and those of the company, and will only
commit themselves to advancing company goals if they believe there is a reciprocal
commitment from the company to invest in their future welibeing. As a result, flexible
production is characterized by such "high commitment” human resource policies as
employment security?; compensation that is partially contingent on corporate, plant,
and/or individua! performance; and a reduction of status barriers between managers and
workers. The company investment in building worker skills also contributes to this
"psychoiogical contract” of reciprocal commitment.

"Giving Wisdom to the Machine”. Under flexible production, workers and engineers
apply their problem-solving abilities to the task of improving equipment performance over
time -- a process identified by Monden (1983) as "giving wisdom to the machine”. This

means that production technology need not be automatically subject to decay and

2 Japan'’s policy of employment security for male employees in large firms is not a function
of long-standing Japanese cultural tradition, as some believe, but rather the outcome of bitter
labor-management struggles in the 1940s and 50s. Left-wing unions, established on a company
or enterprise basis, had tremendous organizing successes in the immediate post-war years,
reaching over 50% representation by 1948. {Gordon, 1985) Alarmed, the management of several
large companies crushed radical unions in a series of strikes in 1949-50, promoting more
conservative enterprise unions in their stead. These new unions, both to gain legitimacy and to
preserve their membership, pressec for long-term employment security. Management, concerned
about high turnover, shortages of skilled workers, and company-specific work stoppages, agreed.
Kenney and Florida write, "By the unwritten terms of this accord, layoffs can occur only after the
implementation of aiterative measures such as wage freezes, progressively indexed wage cuts,
and early retirement, and then only if the economic health of the company is truly in jeopardy.”
(p. 129) This policy, while highly specific to Japan, may well be a critical foundation for flexible
production. The fact that Japanese plants in the U.S. follow this policy assiduously suggests that
this may be the case.



depreciation but can actually appreciate in value over time. For example, the installation
and "debugging” of a new technology is carried ou: by workers rather than staff specialists
or vendors. (Cole, 1990a; Krafcik, 198%a) This .mportant learning is thereby retained
among those who will operate (and seek further improvement in) the equipment over time
rather than being taken along to the next plant or customer.

w r | rial Engineers. The same principle of continual process
improvement applies to all job specifications under flexible production, whether directly
related to technology or not. While production levels and the basic framework for the
production process are determined by engineering requirements, teams of production
workers have responsibility for developing, recording and modifying job specifications.
These specifications are extremely detailed, as much as any industrial engineering time
study, but with the crucial difference that workers, rather than managers or engineers, take

charge of their revision (Monden, 1983; Krafcik, 1989a; Co'e, 1990a).

A "Fragile” System

Shimada and MacDuffie (1987) characterize fiexible production as "fragile”,
because of its distinctive relationship between technical and human capabilities. It is
“fragile” because, when buffers are minimized, any minor disruption, such as the faiture
of a supply delivery to arrive on time, can ferce the entire plant to shut down. But it is
also "fragile” with respect to human capabilities. It will deteriorate or even cease to
function if the workforce loses the ability to move among different jobs, or is no longer
willing to spot quality problems or engage in process improvement, or is sgfﬁciently
disgruntled to take advantage of the wulnerability inherent in minimal buffers.
Paradoxically, the awareness of this vulnerability appears to strengthen the production

system by providing an ongoing incentive to maintain effective communication and a
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problem-solving oriertation, both with empliyees in the plant and in relationships with

suppliers. {Nishiguchi, 1989)

Summary

Thus the key elements of flexible production are small lot production and minimal
buffers, both of which provide rapid fe:.dback about problems to the production system;
a philosophy of continuous improverneat which takes those problems as epportunities for
learning; work organization and hurnan resource policies that develop a multiskilled,
adaptable, and motivated workforce and a "psychologicai contract” of reciprocal obligation
between the company and individual empioyees; an approach to technology in which
workers take responsibility for incremental innovations that lead to revisions in job
specifications and "give wisdom to the machine”, so that any technology is used more
flexibly; and “fragility" from the nigh interdependence between technical and human

capabilities.

B. THE IMPLICATIONS OF FLEXIBLE PRODUCTION -- THEORY AND METHOD

For someone trying to understand flexible production, much of the literature from
organization theory, indus:rial relations, business strategv, and political science raises more
questions than it answers. For, with a few exceptions, theories that apply to
manufacturing settings have been buiit upon obiservations of the mass production world,
and, conversely, thecries of "flexible™ organizations have developed from the study of
settings asscciated with innovation -- generally considered the antithesis of manufacturing.

Furthermore, most empirical studies of production systems identify and measure

only a few organizational characteristics, and from tte analyses of these data, draw broad
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conclusions about the system as a whole. This can be very misleading if it misses the
crucial interdependencies among 2 "bundle” of related organizationa! characteristics.

In this section, | will examine the ways in which prevailing theoretical and
methodological approaches to the study of production systems both do and don‘t help in
understanding flexible production. This will provide the backdrop for my own research
efforts.

First, | review three literatures -- on contingency views of the "fit" between
technology and organizational structure, socio-technical systems, and the link between
industrial relations practices and economic performance -- and analyze why they are not
particularly useful for the study of flexible production. Then, | review two literatures --
from political economy, on changes in production system paradigms, and from business
strategy, on a configurationai approach to organizational research -- that prove to have

greater value.

rganization hnol "Fit": Technology- ntingency Th

The development of contingency theories of organization in the 1960s represented
an attempt to move beyond the normative assertions of much early management theory
that there was "one best way" to structure an organization -- whether the task
specialization and span of control emphasis of the "classical™ management theorists (Fayol,
Gulick, Taylor) or the focus on informal social norms and cooperation of the "human
relations” theorists (Mayo, Roethlisberger).

Early contingency theory took an intra-organizational focus, attempting to explain
differences in structure and goals across different types of organizations in terms of the
organization’s primary task or technology. Perrow (1967) linked organizational structure

to the number of exceptions and analyzability of tasks, putting mass production settings
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in the low exception - high analyzability category, for which a bureaucratic structure is
most appropriate. For Burns and Stalker (1961), mass production, with the stable
conditions provided by its standardized products and large markets, is a "mechanistic”
system with specialized tasks performed by isolated individuals, knowledge retained at the
top levels of a hierarchy, and vertical interaction patterns. Joan Woodward (1965} found
the greatest amount of functional specialization and the areatest separation of conception
and execution in the "large batch and mass production” category of her sample of firms.

From this perspective, the organizational characteristics of mass production
{centralized hierarchy; vertical interaction; functional specialization; low-skill, low-discretion
jobs; etc.) are determined by the nature of its task (the large-scale production of a single
product) and its technology (a machine-paced continuous line flow, e.g. the assembly line).
Indeed, the mass production assembly line became an organizational archetype, the
quintessential rigid, technically-constrained bureaucracy.

Thompson's influential work (1967) further identified the link between the assembly
line and its operating environment. Thompson described mass production in terms of its
long-linked technology, characterized by "serial interdependence, in the sense (hat act Z
can be performed only after successful completion of act Y." He writes that the assembly
line:

approaches instrumental perfection when it produces a single kind of standard

product, repetitively and at a constant rate.... The constant rate of production

mean that, once adjusted, the proportions of resources involved can be
standardized to the point where each contributes to its capacity; none need be

underemployed. (p. 16)

Achieving this instrumental perfection requires a closed syst~m of technical logic
that controls relevant variables as completely &s possible. This in turn requires protection

from environmental uncertainties such as fluctuations in voiume, shortages of parts, and

equipment breakdcwns. This protection is provided by buffers such as inventories of
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materials and supplies on the input end and finished goods at the output end, vertical
integration to bring sources of critical supplies within the firm, and a smoothed-out flow
of input and output transactions. Furthermore, with buffers to keep uncertainty low,
inforrnation processing demands in the technical core can bz minimized. (Galbraith, 1973)

This literature provides an insightful analysis of mass production, but offers little
understanding of the emergence of flexibe production in automotive assembly -- a setting
that, in terms of both task and technology, would still appear to require the organizational
characteristics of macs production. Because it posits a deterministic effect of technology
on organizztional structure, it neglects the possibility that auto assembly could, in a
different organizational context, be conceptualized as a nonroutine task, with ambiguously-
defined problems and high information-processing requirements.

This literature also correctly identifies the importance of buffers to mass production,
but suggests that these are a technological requirement, thus foreclosing the possibility of
other technology/organization combinations. From this perspective, the elimination of
buffers would be an example of a bad "fit" that would result in a loss of production
efficiency.

Finaily, this literature dichotomizes production and innovation tasks, with
"mechanistic” organizations for the former and "organic” organizations for the latter. This
misses a central feature of flexible production (described below) -- that it integrates

innovation and production.

io- ical
The most substantial literature addressing the ralationship between technical
capabilities and hurman capabilities is that developed by Eric Trist and his colleagues at the

Tavistock Institute. (Trist and Bamforth, 1951; Emery, 1958) Their theory of socio-
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technical theory, or STS, underlies some of the most ambitious and successful examples
of "high commitment work systems” in the United States and Europe, especially
Scandinavia. (Davis and Cherns, 1975; Emery and Thorsrud, 1976; Goodman, 1979; Trist,
1981). Yet STS, in both theory and application, proves to be of limited usefulness in
understanding flexible production.

The Tavistock researchers were students and advocates of the "leaderless groups”
{Bion, 1850) and discovered through their coal-mining studies that such groups could
function as an innovative and effective alternative to the dominant Taylorist approach to
work organization. After a number of field studies in England, they became convinced that
there was no inherent technical constraint preventing the deployment of "semi-autonomous
work groups” in any context. (Trist, 1981) This empnasis was reinforced through
the involvement of STS researchers in the 10-year Industrial Democracy Project in Norway,
since work groups were seen as the structure that could most increase participation in the
workplace. (Emery and Thorsrud. 1976). The orientation of STS became increasingly anti-
hierarchical, emphasizing the ability of the work group to be "self-regulating” -- free from
interference from either management or the technical system -- above all else.

At the same time, STS viewed the technical system as an "internal environment”
providing a "boundary condition” for the social system. As a result, STS designs tended
to focus on modifying the social system to fit its environment, i.e. the technical system,
and to neglect the possibilities for changing the technical system itself.> (Pasmore, 1988;
Mumford, 1983)

These two features of STS theory -- its emphasis on work group autonbmy and its

predominant focus on changing the social system rather than the technical system --

3 The Volvo plants at Kalmar and Uddevala, described in greater detail below, are exceptions,
for they have premised their STS designs on eliminating (partially at Kalmar and totally at
Uddevala) the assembly line.
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account for its limitations in analyzing flexible preduction. From the STS perspective, work
groups are only “semi-autonomous” because they cannot escape certain economic and
technical exigencies. (Emery and Thorsrud, 1976) In order to maximize work group
autonomy, STS designs add buffers of inventory -- especially work-in-process inventory --
that free each team from dependence on the pace or output quality of the previous group.
From this perspective, the attempt to minimize inventories under flexible preduction
imposes an undesirable constraint on the work group. (Klein, 1988; Sjostedt, 1387)

The attempt to buffer groups from one another also impedes intergroup
communication and involvement in problem-solving activities. Two STS theorists noted
the risks of overemphasizing group autonomy, because a group whose social identity and
task identity are closely aligned "is all tco likely to beceme committed to that particular
arrangement so that, although efficiency and satisfaction may be greater in the short run,
in the long run it is likely to inhibit technical change.” (Miller and Rice, 1969) Highly
independent work groups tend to resist the lateral interactions and cross-functional
problem-solving that are so critical to flexible production -- and, perhaps, group
effectiveness in general. (Gladstein, 1985). The addition of buffers to the technical
system just accelerates this dynamic of internally cohesive but externally closed groups.

Furthermore, the anti-hierarchy flavor of STS poses what Hackman (1981) calls an
"expertise dilemma - the tension between leaving all decision-making about the design and
management of the work system to group members vs. telling them what to do or doing
it for them™. On the one hand, middle managers and supervisors often resist a work
system design that is premised on the complete transfer of their responsibilities to the
team. On the other hand, some managers respond to autonomous groups by completely
abandoning any exercise of authority, with the result being chaos. Hirschorn (198€)

describes the tendency for "utopianism® in STS plants -- hopes among managers that work
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groups will solve difficult personne! and technical problems on their own, and expectations
among workers that everyone will be promoted or that their recommendations will always
be adopted.

Thus, despite many apparent similarities between STS and flexible production, there
are fundamental diffevences between them. STS is far more valuable for its insights into
the "participative management” culture® that has been implemented in "high commitment”
companies in the U.S., and what | call the "neo-craft™ production model in Sweden

(discussed below) than as a way to understand flexible production.

In rial Relations an nomic Perform

This literature is relevant to the understanding of flexible productiocn for two
reasons. First, it is concerned with explaining differences in manufacturing performance
at the plant level, based on variation in organizational practices. Second, it demonstrates
a methodological approach -- measuring a few indicators of industrial relations (e.g.
grievances) in isolation from other aspects of the production system -- that | believe is
inadequate. | will argue instead that research on production systems should examine
configurations or "bundles” of inter-related policies and practices.

One group of studies on the automobile assembly plants carried out by researchers
at M.1.T. over the past five years is particularly relevant. Two early studies explored the
link between plant-level industrial relations measures (e.g. grievances, turnover,
absenteeism), 2conomic perfermance, and quality-of-work-life (QWL) efforts at plants in
one company over several years (Katz, Kochan, and Gobeille, 1983; Katz, Kochan, and

Webar, 1985). Both found a strong link between industrial relations indicators anc

4 | also discuss the differences between the "participative management” and “flexible

production” culture in Chapter 8.



economic performance, but only lirnited evidence that QWL efforts affected either
performance or labor-management relations. This latter finding, it was argued, indicated
the degree to which these QWL efforts were isolated from the production system, with
little effect on work organization, process improvement, or skill development.

A more recent study (Katz, Kochan, and Keefe, 1988), carried out within the same
company as the two earlier studies, expands the analysis to include such variables as the
existence of work teams, the presence of certain work rules, the number of job classifi-
cations, and work group participation in decision-making. This study found that those
work practices which reduce relief and idle time and decrease contractual regulation over
the allocation of overtime, layoffs, and job transfers had a strong positive association with
economic performance (fewer labor hours, fewer supervisors per production worker, and
higher quality scores). Measures of work participation were also positively associated with
performance, albeit weakly.

However, the nurnber of job classifications had virtually no independent effect on
economic performance and the use of work teams was negatively associated with
performance, when controlling for the effects of the variables noted above. This finding
runs counter to the earlier studies that would have expected these changes in work
organization (that typically did not result from QWL efforts) to lead to better economic
performance. It is also surprising in light of the prevailing views of the advantages of
teams for motivation and skill development, views which had prompted serious efforts by
management and the union to diffuse team systems throughout the company.

There are several possible interpretations of these most recent findings. At the
company where these three studies were carried out, the effort to introduce work teams
came at a time when QWL efforts had stalled and were somewhat discredited.

Furthermore, teams were often introduced as a quid pro quo from the union for
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management investments to keep the plant operating. Thus there was considerable
variation in what was meant by a "team plant”. At some plants, teams were little more
than a formal structure for grouping workers, while at other plants, they were part of a
broader initiative to increase participation.

Furthermore, the Katz, Kochan, and Keefe study used regression analysis to
examine each variable independently. Thus plants that installed teams under duress and
made no further changes were treated identically to those that had undertaken more
comprehensive organizational changes. The implication is that research of this kind will
benefit from considering clusters of interdependent organizational practices. Cutcher-
Gershenfeld (1988) conducted such a study at Xerox and found that ciustered measures
of human resource innovations were positively related to economic performance.

Finally, this finding raises a caveat about relying on measures of organizational
structure to explain performance outcomes, when these outcomes may in fact be mest
closely related to intervening organizational processes, such as the ability to solve
production problems effectively. While structural changes such as the adoption of work
teams may be intended to foster effective problem-solving, there is no reason to expect
that they will always do so. This relationship between structure and process is explored

at length in the problem-solving study reported in Chapter 7.

r i Politi n
More useful than the three literatures reviewed above are works that consider
production systems from a political economy perspective. This literature generally begins
with a broad analysis of economic and social forces that are creating difficulties for mass

production. (cf. Chapter 1). It then builds inductively from the observation of certain cases
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to a broad characterization of a new economic/organizational paradigm.

Particularly valuable as a reference point for this dissertation is Piore and Sabel’s
"flexible specialization” model, as described in The Second Industrial Divide and later
papers. The authors see flexible specialization, both historically and at present, as a
response to market diversification. When demand for niche or customized products is high
(either because of pra-existing markets or because the firm has helped create new
markets), the firm has an incentive to utilize more generalized resources -- both workers
and equipment -- that can efficient’y switch among products.

While this approach to production organization has always been peripheral in an
economy dominated by mass production, Piore and Sabel see new microprecessor-based,
programmable autornation speeding the diffusion of flexible specialization, because these
powerful general-purpose tools can shorten set-up times and reduce economies of scale,
thus enhancing the system’s variety-generating capability. So Piore and Sabel see flexible
specialization as resulting from both a market "pull” and a technology "push”, with high
product variety as its primary output.

Much of The Second Industrial Divide is devoted to an extensive formulation of the
inter-organizational, institutional, and macro-economic context that would support that
broad diffusion of "flexible specialization™. There is less detail on the internal workings of
such a production system, although later work by Piore and Sabel fills in the picture to
some exten:. They tend to emphasize three things: 1) product over production; 2)
technology over organization; and 3) craft-based ideas of work organization and skill
development.

Because market-driven product variety is the defining characteristic of flexibie
specialization, Piore and Sabel emphasize the role of the production system in generating

that variety. In a later paper, Piore (1989a) develops a typology of product designs



intended to mark points on a continuum between mass production and flexible
specialization. The degree of flexibility in the design, in this view, determines the extent
of flexibility in the production system. This view neglects the possibility of changes in the
process of making things -- production -- irrespective of changes in the product.

Second, because they emphasize the "push” of new, programmable technologies,
Piore and Sabel’'s argument has the flavor of technological determinism. While they
emphasize that strategic choice exists at those "divides™ when new technologies create
new possibilities, it is still technological capabilities that provide the choice -- not changes
in production crganization that might bring about flexibility in their own right.

Third, Piore and Sabel describe flexible specialization in terms of a return to craft
principles, facilitated by the capabilities of programmable automation. In this view, the
division of labor broadens to encompass both conception and execution, so that skilled
workers can apply their craft expertise to developing new designs and production
processes.

Piore and Sabel present a strong case for why craft principles may once again be
applicable to current market and technological conditions. But they neglect the possibility
that other forms of work organization and skill development may support the requirements
of a flexible production system. The modei of fiexible production | will present below
breaks with craft principies in fundamental ways and, accordingly, | will advance a
different view of the division of labor than Piore and Sabel.

While Piore and Sabel draw primarily on developments in Europe and the U.S. for
their flexible specialization model, Kenney and Florida (1988) focus on Japan. They
describe the social organization of production in Japan as a "post-fordist™ system that
overcomes the institutional rigidities of mass production. "Seif-managing teams, just-in-

time production complexes, and learning-by-doing have replaced the functional
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specialization, deskilling, and linear production lines of fordist mass production.” (p.145)

Kenney and Florida acknowledge overiap between their description of post-fordist
production and Piore and Sabel’s flexible specialization; both models "consist of tightly
networked groups of institutions that reproduce highly skilled labor, continuously mobilize
information, and establish a stable structure within which enterprises mutually adjust to
one another.” But they argue that flexibility with respect to market and technological
conditions, on its own, provides an insufficient basis for an alternative
economic/organizational paradigm. Rather, "flexibility must be enmeshed within relatively
stable social institutions that bind production and_innovation together, giving rise to
structured flexibility.” (my emphasis)

Kenney and Fiorida emphasize the cross-functional and strategic aspects of
integrating production and innovation utilized by Japanese companies: the multidisciplinary
project teams, the overlapping product development process, the tendency to spin off new
innovations to separate subsidiaries, and the collaboration among competitors to develop
new core technologies. But their point applies, | believe, more generally to the internal
workings of flexible production. Furthermore, as | will argue below, the primary
significance of integrating production and innovation is not its impact on structural
arrangements but that it fundamentally changes the "cultural logic”, which in turn affects
how production activity of all kinds is perceived and understood.

Thus this literature offers valuable "post-mass production® models that prcvide
reference points for my organizationally-based definition of flexible production. Following
this lead, | will present below a more detailed analysis of the differences between flexible
production and flexible specialization, and also provide two other production system
models -- fiexible mass production and neo-craft preduction -- for comparison purposes.

This literature also provides the premise, explored below, that the integration of production
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and innovation can be seen as a defining characteristic of flexible production.

A Configurational Per iv

The "clustering” approach that this dissertation research requires can be found in
the business strategy literature, where it is described as a "configurational™ perspective on
organizations. Mintzberg (1981) summarizes the argument, "Like all phenomena, from
atoms to stars, the characteristics of organizations fall into natural clusters, or
configurations... Effective organizations achieve a coherence among their component
parts.” Miller and Friesen (1980) describe these as "gestalts™ -- “integrated, self-
perpetuating alignments among a complex of variables® that result from "multivariate
interdependencies”.

Van de Ven and Drazin (1985) contrast this "systems” approach that identifies
patterns of interdependencies with approaches that "treat the anatomy of an organization
as being decomposable into elements that can be examined independently.” Most
statistical techniques, particuiarly multiple regression and its variants, are dedicated to
isolating such independent effects.

This approach can yield misleading conclusions, particularly when addressing the
causes of organizational outcomes. Hackman (1986) writes:

Influences on productivity do not come in separate, easily distinguishable packages.

...Indeed, to try to partial out and assess the causal effects of each piece of a

multi-faceted organizational change may lead to the conclusion that pothing is

responsible for an observed improvement in productivity. ...If our attempt to

understand productivity focuses on singie causes, we are unlikely to generate a

coherent understanding of the phenomenon. There are simply too many ways to

get there from here, and the different routes do not necessarily have the same
causes.

Systems theorists call this characteristic of organized activity "equifinality™ (Katz and Kahn,

1978). By this principle, a social system can reach the same final state from a variety of
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initial conditions and by a variety of methods.

The configurational approach argues that any given variable can only be understood
through reference to the entire configuration, since its effect is either amplified or
attenuated through its interdependencies with other variables in the configuration.
Hackman makes this point about preductivity, suggesting that we think absut it as “an
overdetermined phenomenon, the product of muitiple non-independent factors whose
influence depends in part on the fact that they are redundant.”

| have used the configurational approach in this dissertation, with two
consequences: 1) At the theoretical level, | identify bundles of interdependent variables
linked by what | will call an "organizational logic®; 2) During data analysis, | use various
methods -- including a multivariate scale and cluster analysis -- to allow this "bundied”

effect to be tested.

C. THE "ORGANIZATIONAL LOGIC*" OF MASS AND FLEXIBLE PRODUCTION

In this section, | will draw out the general organizational characteristics of each
production system -- the "organizational logic" -- as an "ideal type" that can be used to
guide the empirical work that follows. This "logic® is a systemic property that provides a
powerful pull towards internal consistency -- towards the configurations ! identify as mass
and flexible production.® | will argue that this logic has two components: a "structurai”

logic and a "cultural® logic. These components are reviewed in turn.

® The degree to which this internal consistency exists is, of course, 2 matter for empirical
investigation.
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Structural Logi¢

I will describe the "structural logic® of mass production and fiexible production in
terms of four interdependent organizational dimensions: the deployment of resources; the
link hetween core production aé.tivitv and the market; the structure of authority relations;

and the link between conception and execution (see Figure 1).

Mags Produyction. The core premise of mass production, still best exemplified by
Adam Smith’s discussion of the pin factory, states that the efficiency of production
increases as the division of labor becomes more extensive. More generally, this is a
statement about the link between efficiency and the gpecialization of resources, including
both people (trained in specific skills) and machinery (designed especially for particular
tasks). As the task of drawing out wire to make pins is separated from the task of putting
heads on the pins, efficiencies result because a specialized task takes less time to learn
and nc time is spent in switching between tasks (and tools).

A corollary of this maxim is that there are limits to specialization. In Smith’s words,
the division of labor is limited by the extent of the market. Sufficient volumes of a product
must be made to keep specialized resources fully utilized, or else the inefficiencies of
underutilized resources will outweigh the efficiencies of specialization.

The second dimension encompasses factors that mediate the link between the
market and the production system -- product diversity, lot size and organizational bufers.
It is axiomatic that, for mass production, the greatest efficiencies result from standardized
product designs, since this allows for the most extensive specialization of resources. This
requires large and stable markets with predictable demand, and a mass production firm
must either find or create such markets to remain efficient. These standardized products

must be produced in very large batches, for two reasons. The first is economies of scale -



- the reduction in per unit cost from distributing the high costs of specialized equipment
and labor over a large number of units. The second is the setup costs involved for any ene
production run; the more specialized the resources, the more extensive the time and money
needed to reconfigure the production system for another product.

Finally, to insure that these economies can be achieved, the production process
must be protected from disruptions (such as sales fluctuations, supply interruptions,
equipment breakdov/ns) by large buffers -- of inventory, of space, of people. These buffers
moderate the tight coupling among interdependent steps in a highly speciaiized production
process.

The third dimension deais with the structure of authority. While the division of labor
brings efficiencies to production, it also increases the coordination required to reintegrate
the many sub-divided tasks into a whole. Those involved in specialized tasks lose the
ability to maintain a unified view of the whole process, and thus must be directed by some
higher authority that has the knowledge to reintegrate the production process. For mass
production, a gentralized hierarchy is the organizational form that exerts this reintegrative
control. Within such an organization, vertical interactions within each specialized function
predominate, with cross-functiona! coordination occurring only at the top of the hierarct:y.

Finally, the specialization of resources applies not only to different stages of the
production process but also to the task of coordination. Thus the efficiency of the system
is further enhanced not only by establishing separate specialists for different job tasks,
such as pin drawing and pin heading, but also by establishing one set of specialists to think
about pin heading (how to specify the job, how to automate) and another set of (relatively

low-skilled) specialists to do it. Thus the geparation of conception from execution is the

fourth dimension of mass production.
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Flexible Production. The logic of flexible production can be described in precise
counterpoint to the mass production model. It involves a fundamentally different
perspective on the relationship between the production system and the market, which in
turn leads to a different approach to the division of labor and the ccordination process.

As noted above, mass production depends on !arge and stable markets to achieve
efficiency through the highly specialized use of resources devoted to long runs of
standardized products. A fiexible production system resuits from the premise that there
are substantial economic or corpetitive advantages in being able to respond to moie
differentiated or fluctuating markets.

The high costs under mass production of cocrdinating a highly specialized division
of lahor and changing among product designs provide a barrier to this different market
orientation. Centralized hierarchy further inhibits this market strategy through the barriers
to information flow across segmented tasks and the costs of insuring compliance that
accompany hierarchicai authority. Finally, the separation of conception and execution
limits product and process innovation through the underutiiization of knowledge developed
during task execution.

We can characterize a flexible production system, therefore, by inverting the four
dimensions of mass production described above. First, more gmﬂr_ego_yme_s_ {multiskilled
workers, general purpose machines, fewer functional specialists) are used‘.“.Second, smali
buffers and lot sizes support the greater variety of product designs that result from a
different orientation to the market. Third, coordination depends on degentralized authority

marked by lateral communication i @ "network” that spans functional boundaries. Fourth,

there is a greater integration of conceptual activity with the execution of production tagks.
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Cultyral Logic

The above discussion describes the structirral logic -- the way in which production
activity is organized. But each of these ways of organizing is also characterized by a
distinctive way of thinking about, or framing, production activity. (Piore, 1989b) These
frames, viewed as cognitions, are ci.viously held at the individual lavel. But they will also
be manifest at 2 collective level, in the culture of the production system.

My discussion of "cultural logic® wiil focus on one aspect of the culture of flexible
production that | believe marks its fundamental difference from mass production -- that
production activities are understood by crganizational members tc be integrally bound to
innovation.® In this section, | offer some analytical distinctions for understanding how this
"cultural logic™ affects the way of thinking about information processing, the division of
labor, and the coordination process under these two production systems. In Chapter 7,
| present fieldwork observations that support these distinctions.

| draw the idea that flexible production integrates production and innovation from
Kenney and Fizrida {1988), although many others have also emphasized the critical role
of ongoing, incremental innovation in flexible production. (Womack et al, 1990; Cole,
1990a; MacDuffie and Krafc’k, 1989a; 1990; Imai, 1986) This integration can be
understood as structural, comprising the links between parts of the organization that
traditionally handle production and innovation -- for example, the nature of coordination
mechanisms between design and manufacturing departments. (Clark, Chew, and Fujimc+o,
1987; Dean and Susman, 1989; Adler, 1990).

But | emphasize instead the integration of production and innovation as a way that

individuals in the production system think about their daily experience. The culture of a

® Much mocre can be said (and much more needs to be learned) about the cultural

underpinnings of flexible production. | offer some cpeculative observations in Chapter 8.
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tlexible production system shapes the interpretation its members give to their role in the
organization, their skiils and experience, and their interaction with others, so that they view
daily production work as not only a destination for externally-developed innovations, but
as an actual locus of innovative activity, directed (potentially) towards both the product
and the production system itself. In contrast, the cuiture of mass production orients
individuals towards standardization, specialization, continuity, and replicability in a realm
that is understood to be quite distinict from innovation.

Differences in "cultural logic® between mass production and flexiile production,
again portrayed as "ideal types”, can be found in the orientation towards thiee common
organizational activities: 1) information processing; 2) the division of labor; and 3)
conrdination processes.

Information Processing. With respect to infermation processing, problems (a gap
between actual and desired conditions) can be viewed as gbstacles or gpportunitiss;
correspondingly, information about problems (or solutions) can be guarded or made

r ren

Where problems are viewed as discontinuity-causing obstacles, organizations will
avoid or protect against problems in the interests of preserving the continuity of
organizational routines. Information about problems will be carefully guarded, managed,
controlled in the interests of minimizing disruptions to established procedures, hierarchies,
structures. Information is "guarded” in the sense that barriers of access and understanding
operate to limit the circle of those able to appropriate it.

Conversely, where a problem is viewed as an opportunity, it will be sought out, and
the resulting discontinuity valued for its ability to shed light on possible improvements in
organizational routines. If this value is to be realized, information about problems must be

transparent to all those with knowledge reievant to its solution. (Womack et al., 1990)
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"Transparency”, therefore, refers not only to the accessibility of information but its
comprehensibility to ali those who take advantage of that access -- something which
requires a common conceptual base and a common language.

In these terms, under mass production, production problems are obstacles because
they threaten the standardization and impede the high volume necessary for the maximal
specialization of resources. Information is handied in a way that limits the impact of
problem disruptions on the broader imperatives of the production system. Flexible
production, on the other hand, welcomes problems as sources of insight. With conception
and execution activities closely integrated, a discontinuity in execution can be quickly
coupled to a conceptual advance. The reliance on generalized rather than specialized
resources, in turn, requires information that is broadly available and comprehensible.

Division of Labor. Wi:h respect to the division of !abor, it can be understood as
holistic or fractional in its intent.” The term "holism®, as defined in Webster's New
Collegiate, refers to a theory that nature is best understood in terms of interacting wholes
that are more than the mere sum of their parts. The term "fractional”, on the other hand,
refers to a fragment, a part broken off from the whole.

Here, the terms “holistic® and “fractional® apply to the relationship between a
subdivided task and the body of conceptual knowledge that applies to that task. Piore,
using Adam Smith’s pin factory as an example, argues that the difference between them
is captured in the contrast between the pin craftsman and the pin header. The separation
of pin-making from other economic activity (e.g. cloth-making or soap-muking) represents

the helistic division of labor, while the further breaking down of pin-making into pin-heading

7 Piore (1989b) makes a similar distinction, drawing on Marx, and using the terms "social® and
"detailed” division of labor. The former term is valuable primarily as a way of understanding the
division of labor at a more societal level. The latter term does not convey the difference between
parts and wholes that | attempt to capture with my terms.
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and pin-drawing represents the fractional division of labor.
The [former] separation contributes to productivity because it isolates an activity with a
distinct conceptual core, and by focussing on that core and understanding it better, one
will produce better pins, possibly in @ more effective way. The isolation of pin-heading
yields no such advantages, because pin-heading is not a conceptually distinct operation;
it has no meaning independent of pin-making. (1288b, p. 14)

In these terms, mass production is characterized by the fractional division of labor,
which creates subtasks thzat are not conceptually distinct but aiso allows for increased
specialization of resources, and flexible production is characterized by the holistic division
of labor, which reintegrates conception and execution to the point where subtasks have
conceptua! coherence.®

Coordination. There must also r~side within the production system the knowiedge
necessary to coordinate the division ¢. «abor, so that the output of divided subtasks comes
together into a final product. This coordination process can be framed in one of two ways:
as primarily oriented towards replication or as primarily oriented towards reformation.’

An orientation towards replication reflects a relatively static view of the
coordination process. To take a replicative approach to coordination is to bring various
subtasks back together according to exactly the same rules used to divide them. This
coordination can be accomplished more or less efficiently, but always relies on fixity in the
rules specifying the relationship of subtasks.

For example, the use of work stardards developed by industrial engineers to insure

compliance with process specifications is replicative, not because of the rationalization of

* There is, potentially, more than one "conceptually coherent™ way to divide tasks, i.e. more
than one possible holistic division of labor. For example, the making of pins to hold together
pieces of cloth may require quite different conceptual knowledge from the making of pins to hold
together pieces of metal.

* Further definition may be in order. To say that something replicates is to say that it
duplicatas or produces a copy (replica) of itself. It is reproduction without variation. Reformation,
on the other hand, implies change into an improved form or condition. To be reformative is to
intend such change.
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the process but because the standards are intended to be a fixed and lasting reference
point. Mass production is primarily oriented towards replicative coordination, since it
emphasizes a stable process where the uniform reintegration of subdivided tasks can yield
high volumes of a standardized product.'°

In contrast, an orientation towards reformation reflects a dynamic view of the
cooruinztion process. Bringing the subdivided parts of the production process back
together is framed as an opportunity to create new knowledge that can lead to product or
process improvements. While this reformative orientation can improve efficiency, it is just
as likely to enhance quality or lead to design innovation.

Work standards play a different role in such a system. The careful rationalization
of process steps serves as a starting point for process change rather than an endpoint, a
baseline against which an attempted change can be assessed. Flexible production is
primarily oriented towards reformative coordination, since it relies on the novel combination
of general resources to generate design diversity and serve niche markets.

Summary. Flexibie production, then, is oriented towards the integration of
production and innovation activity, because production problems are viewed as
opportunities for innovation and information is made transparent to all potential participants
in the innovation effort; the division of labor organizes tasks (and the related skl
development and task assignment processes) around a coherent conceptual core; and the
coordination process involves the ongoing search for opportunities to reform the production

system.

' This is not to imply that there is never change in mass production settings, but rather that
the orientation of mass production is to avoid such change wherever possible. Abernathy (1978)
describes this as the "productivity dilemma” -- that the investment in special-purpose equipment
and standardized processes under mass production becomes so great that there is a tremendous
cost involved in any change. Chew’s work on "confusion” (1985) and Tyre's work on the
implementation of new process technologies (1989) both point to the difficulties mass production
settings have accommodating change.



in contrast, mass production keeps production and innovation strictly separate,
through a emphasis on production continuity that makes problems appear as obstacles,
providing ar: incentive for problem avoidance and the careful guarding of information;
through a division of labor that fragments tasks to the point where conceptual coherence

is lost; and through a coordination process whose aim is fixity and replication.

D. CONTRASTING PRODUCTION SYSTEM MODELS

As noted in the literature review, many analyses of mass and flexible production
use either technoiogy (e.g. contingency theorists) or product market (e.g. Piore and Sabel)
as defining characterictics. |instead see these production system types as having different
organizational characteristics that cohere into a "logic”, and do not assume any necessary
correspondence between a particuiar organizationa! logic and technology or product
market.

In this section, | will contrast my definitions of mass and flexible production with
those based on technology or product market. This is particmarly necessary for flexible
production, which, as an emergent alternative to mass production, is still not well
understood. In the process, | will elaborate on the "structural logic® and “cultural logic”
distinctions made in the previous sections.

First, | contrast the "ideal type" of mass production with its actual operation as a
production system for most of this century -- what | will call "traditional mass production®.
Second, | contrast flexible production with production systems that implement
programmable, flexible automation withcut otherwise moving away from the "mass”
organizational logic, which | characterize as "flexible mass production”. Third, | elaborate

on the differences between flexible production and Piore and Sabel’s flexible specialization.
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Fourth, | examine Scandinavian experiments with production systems, based on socio-

technical theory, which | characterize as "neo-craft”, and contrast with flexible preduction.

Traditional Mass Production

The logic of mass production implies that it will be most efficient to make a single,
standardized product, thus allowing for the maximum specialization of resources. This
model has never precisely fit actual practice -- with the possible exception of the early days
of Ford’s Model T production. Instead, the common practice of traditional mass production
reflects an early innovation of General Motors under Alfred Sloan: making products that
were essentially the same in design, yet varied in some exterior styling details and could
be marketed under a different nameplate. Sloan called this approach "fiexibie mass
production” -- a term | will reserve for a different (albeit consistent) usage. | use the label
"traditional” since, for all intents and purposes, this is the way mass production has been
organized in this century. Piore (1989) calls this "mass production with cosmactic
variation®. The design features that vary in such a production system (e.g. fenders, trim,
upholstery, optional equipment such as air conditioners, whitewall tires, power locks) are
independent of the core design of the body, chassis, and drive train of the vehicle. While
this cosmetic variation has important implications for such logistical matters as materials
flow, it has essentially no impact on the basic organizational and cognitive aspects of mass
production. Thus any use of the term "mass production” in the empirical work that follows
should be understood to refer to this "traditional” production system that makes a few

products rather than the pure, single product mode!.

Flexible Mass Producti

I define "flexible mass production” as the use of flexible, programmable technology
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within an organizational context still based on mass production principles. As noted above,
Alfred Sloan first used this term to describe GM's ability to accommodate annual model
changes through cosmetic variation to core designs. My usage is consistent, in that the
term is used to characterize ‘a marginal increase in flexibility within an otherwise unchanged
production system.

At a time when microprocessor-based manufacturing and information technologies
are diffusing widely, many technology-focused managers and researchers are quick to label
any production system that uses this programmable automation as a “flexible
manufacturing system.” Programmable automation does, of course, have the potential to
increase production flexibility, by reducing the specialization {and hence the rigidity) of the
tool stock, and providing the ability to produce several distinct designs on the same
equipment, with minimal set-up time. (Gerwin, 1986; Suarez, 1990)

But in the engineering and operations research literature on flexible automation,
there is often a rather limited vision of how this flexibility can be used. What is often
emphasized is the ability to change quickly among a small number of designs, or the
efficiency with which a sequence of design changes can be replicated, rather than the
potential for more fundamental changes in manufacturing processes or design-to-
manufacturing coordination.

Furthermore, this literature does not link technological fiexibility with any change
in "organizational logic”. Indeed many sociologists of technology {Braverman, Noble,
Edwards, Shaiken) have found ample evidence, both in technocentric literature and in
practice, that programmable automation can (and often does) reinforce mass production
organizational principles, leading to @ more fractional division of labor (for any jobs not
eliminated outright by automation), more separation of conception from execution, and

more technical control of the workforce. At best, the most orgarizationally sophisticated
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accounts of flexible manufacturing systems (FMS) imply that flexible organizational
capabilities will result deterministically from the implementation of the technology.

But recent studies suggest the reverse causation -- that organizational context
tends to determine how new technologies are utilized. (Attewell and Rule, 1984; Zuboff,
1988; Adler, 1988; Henderson and Venkatramen, 1990; Scott Morton, 1990; Kochan et
al., 1990; Walton, 1920) One particularly relevant study, by Jaikumar (1986), provides
evidence of the consequences of combining flexible automation with a mass production
organization.

In his cross-national investigation of the use of the manufacturing technology
known as Flexible Manufacturing Systems (FMS), comparing similar equipment making
similar parts, Jaikumar found that in a U.S. sample of 35 plants, a typicai FMS only
produces about 10 parts, while in a sample of 60 Japanese plants, a comparable FMS
produces 30 parts. Annual voiume per part in tne U.S. was 1,727 vs. only 288 in Japan.
At the U.S. plants, he observes:

Management treated the FMS as if it were just another set of machines for high-

volume, standardized production -- which is precisely what it is not. Captive to old-

fashioned Taylorism, these executives separated the establishment of procedures
from their execution, replaced skilled machinists with trained operators, and
emphasized machine uptime and productivity. In short, they mastered narrow-

:_;L;r)pose production on expensive FMS technology designed for flexible usage. (p.

At the Japanese piants, on the other hand, "managers view the challenge of flexible
manufacturing as automating a job shop, not simply making a transfer line flexible.* This
observation captures the difference between the replicative perspective characteristic of
mass production with the more reformative approach of flexible production.

What Jaikumar finds in U.S. plants using FMS captures the essential features of

flexible mass production: its emphasis on new technology as a source of fimited flexibility

within an organization that is still fundamentally oriented towards mass production; a
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primary emphasis on replicative coordination of the complex logistics of manufacturing as
the chief appiication of this flexibility; and a continued emphasis on the fractional division

of labor.

Flexible Specialization

Upon first impression, there is little difference between flexible production as | have
described it and the "flexible specialization™ model of Piore and Sabel, particularly in terms
of the above discussion of "organizational logic”.

Flexible specialization uses general-purpose resources -- both programmable
technology and broadly skilled workers -- to produce high product variety in response to
demand from niche markets. The need for rapid change among designs and for the
continual development of new designs (and, consequently, new processes) requires that
workers take on both conception and execution tasks. This in turn requires an
abandonment of centralized hierarchy as an coordinating mechanism and its replacement
by lateral, "network” forms of coordination.

In terms of cultural logic, flexible specialization can be said to integrate production
and innovation, with an orientation towards problems as opportunities for design or
process improvements; a holistic view of the division of labor, in which tasks are defined
around conceptually coherent bodies of knowledge; and a reformative view of e
coordination process, in which the possibility of innovation or improvement is actively
sought.

There are differences, however, that are at once subtle and critical, in five areas:

1) Volume per Product. Piore and Sabel equate flexible specialization with lower
production volume, i.e. lower economies of scale, and high product diversity. By

comparison, flexible production’s reliance on small lot production and minimal buffers is
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independent from volume and product diversity. The advantages of these production
practices in terms of quality improvement and cost reduction through rapid feedback and
the stimulation of probiem-solving activities hold whether on2 or many products are being
produced. Thus flexible production is flexible because it can be directed either towards
high volume per product or low volume per product; in either case, it produces that volume
in small lots.

2) Byffers. Piore and Sabel don’t address the issue of buffers, which | describe as
a critical differentiator of mass and flexible production. By implication, if flexible
specialization marks a return to craft principlez, it would still have buffers to guard against
bottlenecks and parts shortages and to preserve the autonomy of individual workers. In
keeping with a lower scale of production, these buffers would be smaller than mass
production. But a production system that maintains buffers proportionate to production
volume is quite different from one that seeks to eliminate buffers.

3) Product Variety. By emphasiziing product variety, Piore and Sabel draw attenticn

to the production system’s role in generating product innovation, with the implication that

process innovation will follow suit. They provide no sense of how flexible production
might occur in the absence of flexible products. My view of flexible production reverses

this causality, seeing process innovation as independent from product variety. In this view,
incremental process innovation occurs even when product variety is low, yielding increased
quality, efficiency, safety and product innovation within a given product design.
Furthermore, | would argue that the capacity for process innovation may be a
necessary (but not sufficient) condition for achieving high product variety. To t_he degree
this is true (and | have no direct evidence), Piore and Sabal’s claim that production system
flexibility is attained throuc*, product innovations that, in turn, yield process innovations,

is called into question.
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Finally, their focus on product variety suggests a vision of the innovation process
centered on new designs (major innovations) rather than the minor process improvements
(incremental innovations) that are so key to my view of flexible production.

4) Technoioggica! vs. Organizational Flexibility. Because of their ernphasis on a
technology "push” for flexible specialization, Piore and Sabel do not explore the possibility
that flexible grganization can exist in lieu of flexibie technglogy. Thus they fail to identify
the prospect of “flexible mass production® -- flexible technology with inflexible
organization. in addition, they negiect a key element of flexible production, as discussed
above: the ways in which any technology, whether programmabile or fixed, general-purpose
or single-purpese, can be utilized more “flexibiy® under a flexible production organization.

5) Adherence to Craf{ Pringiples. Piore and Sabel’s view of the division of labor

' under flexible specialization is closely wedded to craft principles.' Whiie certainly
holistic in orientation, the division of labor under flexible specialization is seen as
corresponding to the delineation of individual jobs, i.e. a conceptually coherent set of tasks
is assigned to a single inuividual, who gains mastery (and the potential for innovation)
through the integration of conceptual understanding and direct execution.

There are severali ways in which this view diverges from rine. it implies that
conceptual coherence exists only when jobs are organized around craft expertise -- what
Sabel (1989) calls "mastery of the secrets of working with certain materials and
processes”. But this is too narrow. While all traditional crafts fit within a holistic division
of labor, there are many production tasks that could be described as conceptually whole

that would not fit with our notions of craft autonomy, compiexity, and socialization

"' While Piore and Sabel do refer to flexible specialization in craft terms, they do not fully
specify all aspects of how such a production system would function. Thus the points that follow

are as much in response to the craft production principles implied in The Second Indystrial Divide
as they are to specific points made by the authors.
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processes. I other words, some simple tasks, with no resemblance to a craft as we
generally think of it, can be structured to allow a worker to develop a broad conceptual
understanding and therefore create the possibility for improvement or innovation.

in addition, Piore and Sabel assume a correspendence between work organization
(the actual allocation of tasks) and the way the division of labor is framed. Thus the more
holistic the orientation towards the division of labor, the more broadly defined individual
jobs will be. Flexible production, in contrast, decoupies the development of conceptual
knowledge from individual jobs.'? It utilizes the fractional division of labor in its aliocation
of subtasks, yet seeks to develop broad conceptual knowiedge -- consistent with the
holistic orientation -- through training, job rotatiori, and other multiskilling strategies.
Production tasks are therefore not conceptually distinct, as they might be in a craft model,
but are carried out by a worker whose process understanding applies to a broader,
conceptually distinct entity.

To return to the pin factory example, a worker may still be assigned to the job of
pin-drawing at a given point in time, but over time will aiso learn the jobs of pin-heading
and pin-polishing through rotation within and across work teams and thereby develop a
conceptual mastery of pin-making overail.'® Like flexible specialization, the einphasis on
incremental problem-solving reflects a reformative crientation towards coordination in the

producticn process, yet the implications for work organization (and thus, potentiaily, for

2 Similarly, flexible production, which combines broad job classifications with narrowly-
defined jobs, decouples compensation (linked to classification) and task (which wili vary cver
time). In Japan (but not in Japanese plants in the U.S.), senicrity is similarly decoupled from task
{i.e. seniority does not govern movement among jobs) while remaining coupled to compensation
(i.e. a substantial portion of pay is based on seniority). The result of these policies is that
multiskilling through job rotation within and across work teams occurs much more readily that in
settings where nartow job classifications and seaniority transfer rights exist.

3 | have discussed this point in another context in contrasting the Japanese and Scandinavian
approaches to work teams (MacDuffie and Krafcik, 198%a).



71
work experience and identity) are quite different.

Finally, Piore and Sabal implicitly iocate the source of innovation in flexibie
specialization within the jobs that result from a broader division of labor. In contrast, the
narrow task specifications under flexible production, combined with multiskilling practices
to build conceptual knowledge, provide two sources of innovatiors. First, narfow task
specification lends itse!f more readily to advances in automation than broad, craft-based
tasks.'

Second, narrow task specification creates many opportunitiies for innovation in the
interstices heiween tasks, rather than solely within tasks. interaction among the
individuals in these different jobs, each of whom possesses a broader conceptuai
knowledge about the production system, is critical if these opportunities are to be
captured; smali group problem-solving activities are particularly appropriate for this

between-task innovatior. .'®

This contrasts with the craft principles underlying flexible
specialization, which are primarily concerned with individuals who develop their expertise
autonomously and only secordarily with how they interact.

Summary. Despite the apparent cverlap between flexible specialization and flexible
production, there are in fact considerable differences between these post-mass production
models. The two models diverge piimarily berause they take a different view of the causal

links between technological and market factors on the one hand and organizational factors

on the other, and because flexible specialization is implicitly based on craft production

' Frederick Taylor recognized this as one of the primary advantages nf task specialization, as
did Marx, for whom the narrowly-specialized worker is merely a transitory step prior to
autemation. (Piore, 1989b; Zuboff, 1988)

'®  Abegglen and Stalk, in their book on Japanese corporations (1985), note that Japanese
competitive advantage has enierged most strengly in industries whsre production processes are
composed of many decomposable tasks, because of the potertial for incremental improverment in
each subtask, and much less in such industries as chemicals and oil refining, where the process
cannot ba so easily broken down into compunent parts,



principles that flexible production does not follow.

The difference between craft production and flexible production is particularly clear
when 2xamining one persistent effort to move beyond mass production -- what | call the
"nec-craft® efforts of such Swedish companies as Volvo and Saab, inspired by the
principles of socio-technical theory. Since Volvo’s efforts in particular are often heralded
as a move *o flexible production, it is important to distinguish these two post-mass
production models.

I will use the most advanced of Volvo's experimental plants as the case example
of "neo-craft” production -- the new plant at Uddevala that opened in mid-1989. Uddevala
does have many cf the features associated with flexible production -- general-purpose
tools, broadly-skilled workers, decentralized authority, and lateral rather than vertical
interaction patterns. (MacDuffie and Krafcik. 1989a)

The plant’s most notable feature, however, is that it does away with the assembly
line, in favor of six separate workshops in which work teams assemble entire cars at a
single work station. Unlike flexible production plants, therefore, this plant breaks from the
continuous flow and machine pacing of mass production to return to the craft model of
autonomous work stations and stand-alone tools. (Like any modern manufacturing
operation, it uses interchangeabie parts.)

The lot size in the plant is extremely smali (1 vehicie), providing ample opportunity
for the feedback so valued under flexible production. However, this is a distinctly low
volume production system; capacity is not expected to exceed 10,000 a year (compared
with an average of 250,000 vehicles per year for most "volume” mass production plants).

There are modest buffers for each workshop, proportionate to the production rate of 4 cars
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per day, so each tr.am can control their work pace and preveni production bottienecks --
a craft appreach to buffers.

There are vestiges of mass production at Uddevala as well. Most notable is that
the plant makes only a single product. While this is a reiatively new plant and more
products may be added in the future, the previous experimental Volvo plant at Kalmar has
made only one product at a time throughout its 17 years of production. Despite the
flexibility that general-purpose tools and multiskilled workers should provide, the
complicated logistics of material handling that result from the elimination of continuous
flow appear to preclude any move to greater product variety. Instead, these general-
purpose rescurces are used to accommodate a wide range of option combinations for
Volvo's top-of-the-line product while maintaining high quality -- an advantage, perhaps,
over Volvo’s conventional mass production plants but hardly a significant move towards
fiexible (or craft) production levels of product variety.

Furthermore, Volvo remains a highly functionally spccialized organization, so tha*
conception is kept largely separated from execution (i.e. engineers still develop and specify
work processes) and innovation is kept largely separated from production (i.e. production
concerns have relatively little impact on design activities). This is quite clear in the
functioning of the work teams, which are highly autonomous in terms of administrative
activities {with no supervisors in the plant, teams assign work tasks, scheduie overtime,
handle absenteeism and discipline, and keep quality and material handling records) but
carry out very little independent problem-solving activity related to either product or
process.

The neo-craft model, based on this Volvo example, is based on socio-technical
theory, which emphasizes the centrality of autonomous werk groups as the building block

for iess hierarchical, non-T yloristic organizations. From this perspective, the neo-craft
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model represents an effort to regain, for the autonomous work team, the autonomy cf the
craftsman and the chance for identification with a "whole product”, by moving away from
centralized 2uthority and the technical interdependence of the assembly line.

Both the craft and neo-craft models view the integration of conception and
execution narrowly; for the former, this occurs within the job of an individual craftsman,
while for the latter, it occurs within the responsibilities of the team. By comparison,
flexible production attempts to develop conceptual knowledge at the level of the entire
production system. Because the combination of continuous flow, small lot production, and
minimal buffers raises the degree of interdependence in the system as a whole, this
knowledge is essential if production problems are to be solved. 3ut the neo-craft model,
in attempting to break away from the undesirable interdependencies of mass production,
eschews this systemic perspective in favor of self-contained autonomy.

Finally, unless it can eliminate the functional specialization that divides conception
from execution and design from manufacturing, Volvo’s neo-craft experiment faces
continued constraints in terms of product variety (like mass production) and
product/process innovation (like both craft and mass production). Furthermore, there are
likely to be stibstantial efficiency costs from the abandonment of production flow as a
central coordination mechanism. While Uddevala is likely to have very good quality, high
production costs might force Volvo to increase the prices of products built there --
potentially beyond what the market will bear. given the increasing number of lower-priced

Japanese products in the same product niche.

Worki finition of Fiexiblg Pr ion
Studies of flexible production have tanded to emphasize the market "pull® (a

demand for high product variety) and technology “push” (from programmable automation)
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leading to such a system. | have argued above that an organizationally-based definition is
needed instead.

| argue that innovations of flexible production have great significance as a brealc
from mass production principles, even where product variety or technology is not greatly
changed, and may in fact constitute a necessary (but not sufficient) precundition for the
attainment of high product variety or the effective utilization i new technology.
Furthermore, flexible production utilizes very different principles of work organization and
skill acquisition than craft (and neo-craft) models that emphasize the autonornous individual
expert.

Thus the key characteristics of flexible production are the emphasis on the
integration of technical and human capabilities, leading to continuous, incremental process
innovation (and a reformative orientation te coordination); the elimination of buffers to
force problem conditions to the surface, to be used as a source of dynamism and
innovation; and a fractional division of labor, combined with a multiskilling strategy to give
workers an understanding of broader, concaptually distinct activities (corresponding to the
holistic division of labor).

Chapter 3 will consider the issues involved in operztionalizing the organizational
dimensions of mas: and flexible production, and wiil also describe other variables that
potentially affect manufacturing performance and the sample for the International

Assembly Plant Study.
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CHAPTER 3

METHODOLOGICAL CONSIDERATIONS IN ASSESSING PRODUCTION SYSTEMS

Thus far, | have focused on theoreticaily differentiating mass production and flexible
production. Now | turn to methodological censiderations. This chapter will: 1) Outline the
research strategy for the dissertation; 2) Describe the International Assembly Plant Study,
carried out by John Krafcik and myself, that provides the primary empirical data for this
dissertation; and 3) Present a model of the production system that will guide the variables

to be measured, the operationalization of these variables, and the data analysis.
A. RESEARCH STRATEGY

I have sought to investigate the differences between mass and flexible production
organization in two ways. Through the International Assembly Piant Study, | have
gathered data on the structural elements of production organization, corresponding to the
"structura! logic" of the production system; these data are analyzed in Chapters 4-6. In
addition, my fieldwork on daily problem-solving processes in three assembly plants
provides data that | will use to draw out differences in "cuitural logic™ between mass and
flexible production; this is described in Chapter 7. This section lays out tne research
strategy for analyzing the former set of data. Methodological details on the fieldwork can

be found in Chapter 7.

Research Questions
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Research Questions
The empirical work based on the International Assembly Plant Study will address

five research questions:

1. To what extent do the variables measuring structural elements of production
organization cluster together empirically around the two "ideal tynes”?

2. Wkat is the resulting distribution of mass production and flexible producticn
plants in the sample?

3. What is the relationship be.ween production organization and manufacturing
perfermance?

4. To what extent does the “integration hypothesis™ -- that high levels of
automation within the context of flexible production organization yields the best
manufacturing performance -- hcid?

5. To what extent do the findings for questions 3 and 4 hold in the presence of
various control variables? Do the control variables contribute substantially to
manufacturing performance, independent of production organization and
technology?

The first three questions will be addressed in Chapter 4. Question 4 is addressed

in Chapter G, and Question 5 is addressed in Chapter 6.

Qperatiopalizing Production Organization

A central dilemma for this research strategy is how tc operationalize the
conceptually interdependent "bundles” that make up the "organizational logic™ of a
production system. An example will sulfice. One frequently noted structure associated
with a flexible production system is the organization of the workforce into teams. Thus
it makes sense to have a measurement of the extent of work teams in the survey of
assembly plants. But which theoretical dimensionr. does the variable "work teams® reflect?

Teams are, in part, a structure that helps organize the acquisition of multiple skills
by the 'workforce, through job rotation, team meetings and proeblem-solving activities, etc.

As such, they contribute to a move from highly specialized to more genera! resources in
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the area of worker skills. At the same time, teams take on many responsibilities that are
vested in functional groups in a traditional mass production system and thus contribute to
the decentralization of authority. Finally, inasmuch as teams can combine the learning of
multiple tasks with the decentralization of some conceptual activity, they contribute to the
greater integration of conceptuion and execution.

The same complex iriterrelationships between an empirically-observable
crganizational form or practice and the theoretical dimensions exist for nearly all the
production organization variables. Thus the goal of cleanly and orthogonally matching
measurable variables to the specific theoretical dimensions seems futile, or at ieast foolish.

| will follow a different strategy instead. | will combine the variables that measure
production organization into "clusters” or "bundles” that are both statistically reliable and
"make sense” in the assembly plant context (i.e. they are variables that people in assembly
plants regard as similar and inter-related). | will then argue that these bundles adequately
encompass all of the theoretical dimensions that are part of the organizational logic of a
production system. Thus, | will not have a single variable that captures the “"use of
resources” in different plants, but rather a group of variables that cover "use of resources”
as well as all other dimensions (e.g. authority striscture, link between conception and

execution).

B. THE INTERNATIONAL ASSEMBLY PLANT STUDY

John Krafcik and | have carried out the International Assembly Plant Study under
the auspices of the International Motor Vehicle Program (iIMVP) at M.L.T. This five-year
research project is sponsored by practically every automotive manufacturer in the world

(with the exception of Soviet, Eastern Europe, and Chinese oroducers), as well as some
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governments and trade unions. The close working relationship between the IMVP and its
sponsors has provided the oppcrtunity to gather the extensive data needed for this study.

The assembly plant study has had three stages. In the first stage (Sept. 1986 -
May 1987), John Krafcik developed the productivity and quality methedology and collected
data on these outcomes from a sample of 13 North American plants. (Krafcik and
Womack, 1887) In the second stage (June 1987 - April 1988), John expanded the sample
to 38 plants in the U.S., Europe, and Japan, refined the productivity and quality
methodology, and developed a short survey to collect data on some independent variables;
this was John’s M.S. thesis at the Sloan School. (Krafcik, 1988a)

In the third stage (May 1988 to present), | worked with John to develop the current
assembly plant survey (see Appendix A), which includes the full set of variables discussed
in this dissertation, and to expand the sample to its current size of 90 plants. The broad
goal of the study throughout these three stages has been to identify performance
differences among a worldwide sample of assembly plants, and test a variety of possible
explanations for these differences.

The sampling strategy was opportunistic. Plants were added to the sample as
companies showed a willingness to participate in the survey. But a balanced mix of
companies and countries and product classes was the goal at all times, and specific
companies were approached at certain times with this in mind.

Each plant received a plant visit from either John Krafcik or myself, as well as the
survey form; John visited practically every plant, while | visited 16 plants, and spent a
week or more at 4 of them. Both John and | were in frequent contact with all participating
plants by telephone and fax to insure that the data were as complete and accurate as
possible. We guaranteed confidentiality to the plants, promising not to identify either

company or plant name.

80



In return for their participation, plants received a report from us showing their score
for over 100 variables in comparison with average scores for different regions. ‘We often
provided a briefing on the study during plant visits as well. Finally, intermediate results for
the study were presented at IMVP conferences to industry representatives and academics -
- by John Krafcik in Canada and Italy, and by both of us in Mexico and Japan.

The 90 plants in the sample represent 24 producers in 16 countries. To date, we
have relatively complete responses from 70 of these plants, for a response rate of 77%.

We have divided the data into certain categories for parts of the data analysis.
First, plants fit into either a "volume"® or a "luxury/specialist® category, based on the selling
price of their product in the U.S. market, with $22,000 marking the dividing line between
categories. Three plants whose products fall on the line are included in both categories for
analysis purposes. This dissertation only analyzes data from the 62 volume piants';
missing data for some key variables reduces the sample for most multivariate analyses to
56 plants.

Second, we divide plants into six regional groupings in order to report performance
differences among regions: Japanese plants in Japan; Japanese plants in North Amierica;
U.S.-owned piants in North America; all European plants; all Australian plants; and ali
plants in New Entrant countries (Taiwan, Korea, Brazil, and Mexico). The distribution of
the 62 volume piants by region, together with the abbreviation we will use in referring to
each region (parent company locaticn/plant location} is in Table 3-1.

We use these regional groupings to maintain the confidentiality of piants and
because of the interest in these comparisons expressed by IMVP sponsors. However, all
multivariate data anaiyses below are based on the entire sample, to preserve a sample size

large enough for statistical tests; regional effects are tested with durnmy variables.

' For analysis of the luxury plant data, see Krafcik (1989b).
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Table 3-1

Regional Distribution of Assembly Plant Sample

Regional Group N of plants
Japanese-ovyned plants in Japan (J/J) 8
Japanese-owned plants in N. America (J/NA) 4
U.S.-owned piants in N. America (US/NA) 14
All European plants (Al/E) 19
All Australian plants (All/Aust) 6
All New Entrant plants (Ail/NE) 13
(Korea, Mexico, Brazil, and Taiwan)
Tntal 62
Figure 3-1
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C. A MODEL FOR THE MEASUREMENT TASK

“he overall model for measurement is portrayed in Figure 3-1. The primary
independent variable, actually an index made up of many variables and intended to capture
the "organizaticnal logic” of the production system, is labeled "Production Organization®.
The "Technology” category includes two indeperident variables 'vhose relationship with
manufacturing performance is expected to interact with production organization. The
dependent variables, labeled "System Outcomes”, inciude productivity and quality. Other
independent variables that potentially affect system outcomes will be treated as coritrol
variables. Each of these categories of variables will be described in a separate section.

Virtually all of the variables included in the International Assembly Plant Study were
first included by John Krafcik in earlier stages of the work. (Krafcik and Womack, 1987;
Krafcik, 1986; 1988a; 1988b; 1989a) When we reached the third stage, which generated
the data described here, John and | worked together to improve and expand the measures
of all the independent variables. | also expanded the production organization variables
considerably, while John refined his methodology for productivity and quality
measurement. Feedback from participating plants, IMVP company sponsors, and fellow

IMVP researchers aiso guided our revision and expansion of the survey.

P NIZATION

As discussed above, there is no simple correspoiidence between the theoretical
dimensions that differentiate mass production and flexible production and the empiricaily-
observable features of production organization. Rather, many overlapping features of

production organization comprise these dimensions. The measurement model, therefore,
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will group variables according to empirically-observable features of production organization.

The Production Crganization rneasure is an index made up of three broad "bundles®
of variables, here labeled Use of Buffers, Work Systems, and Human Resource
Management {HRM) Policies. Each bundle, and the variables it includes, will be described
in terms of the rationale for its inclusior, its link to the theoretical dimensions, and the
manner in which it was operationalized. (Seé also Krafcik, 1988a; Krafcik and MacDuffie,
1989; MacDuffie, 1989; MacDuffie and Krafcik, 1990) Details on coding of variables and

construction of this index are in Appendix B.

Use of Buffers

The Use: of Buffers index measures the degree to which production operations are
buffered against various potential disruptions, which affects the speed with which problem
conditions emerge and the degree of pressure to resoive them.

Mass production utilizes large buffers to limit disruptions to the high volume
production essential to its efficiency. Flexible preduction mi.imizes buffers. This assures
that problem conditions will emerge quickly. It also raises the likelitood of a costly
disruption to production and thus creates an incentive to maintain strong problem-solving
capabilities.

There are three variables in this bundle; theoreticaily, all affect the way the
production system organizes its input/output functiors and thus mediates its link with the
market.

Inventory Buffers. When there are large inventories of parts and a defective part
is found, it is easy to draw a new part from inventory and not dea! with the de’.zt. But
where inventory leve:s are very low, there is immediate pressure to fix defective parts or

to work with the supplier to replace them. If the problem is not dealt with quickly. the
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production process will have to siop.

In-process Bufters. Buffers of in-process space can have the same effect. When
there is a large area for work-in-process inventory, an equipment breakdown in
an”upstream” area of tha production process won't affect "downstrean:” processes for
some time. When this space is minimized, there is immediate pressure to get the
equipment functioning as soon as possibie -- and a strong incentive to carry out the
preventive maintenance or squipment improvement that will help avoid such crises. *

Beyu..r Buffers. The same principie applies to the post-process repair area. When
this has a large capacity, quality preblems that occur in the production process tend to be
passed on to this area for later rectification. When repair capacity is small, the pressure
is strong to introduce procedures that achieve "first time through”™ quality, e.g. worker

inspection and statistical process co..trol, attention to supplier quality, etc.

Work Systems

The Work Systems index encompasses these work structures and policies that
govern production activity on the shop floor and influence the skili acquisition and
development of production workers. There are six variables in this bundle:

Work Teams. A striking structural feature thai differentiates flexible from mass
production systems is the presence of work teams -- J‘ormally designated groups of
workers that meet regularly for administrative and problem-solving purposes, rotate jobs
and otherwise substitute for each other in production tasks, are overseen by a team leader
whose employment status (e.g. nonmanagerial, hourly pay) is the same as that of the
group, and form a social unit. Teams {to summarize the discussion above) contribute to
a mave from hiyhly specialized to more general resources i~ the area of worker skills; they

cantrib.ite te the decentralization or authority by taking on many functional responsibilities,

35



such as quality control and industrial engineering; and they contribute to the integration of
conception and execction by helping build a broad understanding of the production system.

Problem-Solving Groups. Another group structure that may or may not accompaiiy
formal team structures in a flexible production system is a problem-soiving group, often
identified as an Employee Involvement or Quality Circle group. Unlike work teams, which
are ongoing grcups whose membership is formally defined (often mandated) and identified
with a particular physical location and set nf operations, problem-solving groups are often
short-term in nature, voluntary, with membership drawn from many different work areas
{depending on the problem focus), and with no location-specific ties. In theoretical terms,
they contribute in much the same ways as work teams to the despecializing of resources,
tiie decentralization of authority, and the integration of conception and execution, but do
so0 in # way that accentuates and develops inter-group rather than intra-group relationships.

Suggestions Made. Froblem-solving activity is manifested in many wayeg, only a
few of which are amenable to survey measurement. Here, the number of production-
related suggestions, from either individuals or groups, submitted through a formal
suggestion program and for which an administrative record is kept, will be reasured.
While this does not capture more informal probiem-solving activities, it does provide one
indication of how extensive the commitment is to continuous improvernent through
incremental problem-solving as an operating philosophy. As such, it is primarily an
indicator of the relationship of conception and execution in the produciion system; the
more suggestions per worker, the more likely it is that workers are developing a conceptual
understanding of the production process.

Suggestions Implemented. The degree to which suggestions that are received are
actually implemented is an important check on the impact of the formal suggestion system.

It reflects the receptiveress of plant management to employee participation in production
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matters -- a key factor in whether or not the suggestion system actually contributes to
ongoeing problem-solving and reflects real employee influence. 7.:wus, it provides another
way to evaluae the integration of conception and execution.

Job Rotation. Job rotation within and across work areas and departments is an
important means of achieving a multiskilled workforce. It may or may not be associated
with the use of formal work teams. Theoretically, it contributes primarily to the
despecializing of resources and, particularly when it involves considerable inter-group
rotation, the integration of conception and execution. Whether or not it contributes to the
decentralization of authority depends on the exact nature of the tasks included in a job
rotation scheme.

The Decentralization of Quality-Related Tasks. One hallimark of flexible production
systems is the priority given to quality (see below). When the quality philosophy
emphasizes building in rather than inspecting in quality ("getting it right the first time"), the
most visible organizational manifestation is that quality responsibilities are moved out of
the domain of staff specialists (quality control inspectors, engineers, production staff) and
are integrated into the jobs of production workers. Theoretically, this "vertical integration®
of functional responsibilities into production jobs contributes to the despecializing of
resources, the decentralization of authority, anc the integration of conception and
execution. With quality responsibilities, there is also like'y to be a direct link to the use of
repair area buffers, since effective in-process quality control reduces the need for post-

process repair.

H R M Policies (HRM Policies)
The HRM Policies index encompasses the broad, oisanization-wide policias that

govern the relationship or "psychological coniract®™ between the organizaticn and its
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employees and thus affect empioyee commitment and motivation. There are four variables
in this bundle:

Recruitment practices and hiring criteria. Under mass production, where jobs are
narrowly defined and highly specialized, recruitment and hiring practices tend to emphasize
irdividual expertise and past work experience, as these provide the best clues as to
whether an applicant will fit a precisely delimited slot. Under flexible production,
recruitment and hiring practices emphasize empioyee attitudes and general skills -- e.g. a
willingness to learn new skills, necessary to support the despecializing of resources;
interpersonal skills, necessary when authority is decentralized and lateral (rather than
hierarchical) cornmunication flows are dominant; and, at the production worker level, math
and reading skills, necessary for problem-solving activities that help to integrate conception
and execution.

Contingent Compensation. Compensation policies play an important role in aligning
employee rewards witi: the overall goals of the organization. Under flexibie production,
compensation is often contingent on performance, so that cmployees are likely to be more
committed to the organization and more motivated to help improve organizational
effectiveness.

This effect should be mare pronounced the more closely the performance measure
relates to actual employee activities, i.e. contingent compensation based on plant-level
performance will be a mnre zffective motivator than that based on corporate performance.
By giving both managers and workers a common stake in organizational performance,
contingent comprinsation helps to break down hierarchical authority. By giving workers
an incentive to participate in problem-solving, it helps integrate conception and execution.

Contingant compaensation, as defined in the survey, consists of bonus payments to

individuals based nn one of severs! criteria: corporate or plant performance; department or
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team performance; or individual performance (including "pay-for-knowledge" plans in which
hourly pay is boosted as more skilis are learned, as well as lump-sum bonuses based on,
for example, participation in problem-solving activities). It does not include piecework,
where pay is based on the volume of individual output -- a practice currently not found in
the assembly plants in our sample.

Statys Differentiation. Status barriers between managers and workers and across
functional groups are common ir. mass production organizations, where they reinforce
hierarchical and specialization boundaries. In flexible production systems, these status
barriers are minimized (e.g. common parking and cafeteria areas for all employees) in order
to increase identification with the organization (a sense of a "common fate™) and to
facilitate communication across group and functional bou_ndaries. This primarily
contributes to the decentralization of authority.

Training. There is little employee training in 2 mass production organization, since
the recruitment and hiring process is organized to produce e appfopriate match between
relatively static task requirements and applicant skills. In contrast, employee training for
both new and experienced employees is extensive in a flexible production system. This
training coritributes to th< development of more generalized skills, many of which facilitate

the decentralization of authority and the integration of conception and execution.

SYSTEM QUTCOMES
The two system outcomes measured in the model are productivity and product

quality.
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Broductivity

While one advantage of comparing assembly plants around the world is a high
degree of commonality in the tasks they perform, many adjustments are necessary to make
a true "apples to apples” comparison possible. Krafcik’'s productivity methodology is
reviewed here; full details can be found in Krafcik (1988c).

Productivity is a measure of efficiency, the ratio of inputs to outputs. We look at
labor procductivity. While it is advantageous to use a broacier measure of productivity
(Hayes and Clark, 1985) -- e.g. Total Factor Productivity, that encompasses the full range
of inputs to the production process (capital, labor, materials, energy) -- it can be very
difficult to get these data and to insure their comparability across countries. Labor
productivity is both easier to measure and the most relevant productivity measure for a
study that examines how human and technical capabilities are organized.

Furthermore, recent studies of company-leve! productivity differences in the
autornotive industry, comparing U.S. and Japanese companies using annual report data,
have found tremendous variation in labor productivity but nearly equivalent leve!'s of capital
productivity.? (Cusamano, 1985; Liebermin et al., 1989) This suggests there is greater
potential for finding significant results, and greater value, in investigating labor productivity

rather than capital productivity.

We define labor productivity as the hours of actual working effort required to build
a vehicle at a given assembiy plant, with adjuscments for vertical integration and product

differances. Focusing on effort rather than cost has two significant advantages. First,

there is no need to worry about the impact of exchange rates, wage differentials, or

? These studies use conventional measures of capital stock that include all plant and
equipment expenditures in depreciated, infiation-adjusted dollars. The International
Assembiy Plant Study axamines capitai inputs with measures of assembly plant technology
(described below), the subset of "plant and equipment” that is most relevant to
understanding assembly plant performance. See Chapter 6 for further discussion.
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differences in national employment policies that might influence a labor cost comparison.

Second, when only actual effcrt is considered. the costs associated with
absenteeism buffers, i.e. keeping enough people on the payroll to cover for absent
employees, can be set aside. This is an advantage since absenteeism may well be
influenced by the type and availability of social benefits covering various absences, and
because working hours will vary based on union contract and national inorms.

Therefore, the methodology adjusts total labor input by the amount of overall
absenteeism and adjusts to a standard amount of daily relief time for employees. By not
penalizing a plant located in a high absenteeism country (and not rewarding a plant in a low
absenteeism country), the impact of these cuitural and societal factors is minimized.

One adjustment uf critical importance relates to vertical integration. Since there are
different levels of vertical integiation at plants, the productivity methodology considers
only a set of “standard activities” that are common to virtually every plant in the world.
Some plants make their own body stampings, while many more receive stampings from
a supplier plant; therefore, stamping is not included as a Standarg Activity. The
quastionnaire, in Appendix A, lists the Standard Activities (p. 2).

Adjustments for product differences include size, option content, and product
manufacturability. Since a large vehicle will presumably require more effort to assemble
than will a small vehicle (and many options more effort than few options), adjustments are
made to a standard vehicle size and option content.

The design of a product can certainly affect how efficiently it can be built. The
methodology does adjust for the manufacturability of the design in the welding and paint
departments but not in the assembly department, where no adequate measure has been
found (although the age of the product design, as described below, may be & proxy).

Other factors pot adjusted for in the productivity methodology includ: the level of
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automation, the scale of production, and the complexity of the product mix. These will all

be measured separately, as independent variables.

Quality

Product quality is a manufacturing measure that has become increasingly important
to consumers. As such, we use a measure based on custorasr perceptions rather than
internal company measures. The quality measure (defects per 100 vehicles) is drawn from
a 1989 survey of new car buyers in the |).S. carried out by J.D. Power a market research
firm that is also a sponsor of the International Motor \/ehicle Program. The written survey,
conducted four to six months after the new car purchase, contains an exhaustive list of
possible probiems for consumers to check. One advantage of this survey is that it tracks
quality back to the specific plant where a vehicle was buiit, rathes than aggregating data
at the product nameplate or company ieve!.

Krafcik’'s methodolegy adjusts these data to develop a more specific measure that
only includes those defects that an assembly plant can affect, such as the fit and finish o¢
body panels, paint quality, the integrity of elecirical connections, and water leaks, while
omitting problems with the engine or transmission.

In the case of a plant that does not sell its products in the U.S., we examine the
relationship between internal company quality data and J.D. Fower figures for planis that

do seli in the U.S. to estimate the equivalent Power score.

JECHNOLOGY
Two complementary technology measures, the Robotic Index and Total Automation,

capture capital inputs to the production system. (Krafcik, 1989c¢)
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Robotic index

The Robotic Irdex is the number of robots (defined as programmable and having
three or more axes of movement) in the welding, paint, and assembly areas, adjusted for
the scale of the piant. Since robots are often new investment and are by definition flexible
automation, this index captures these aspects of a plant’s technological intent or strategy.
However, it misses the often substantial investments plants make in fixed or "hard"

automation and thus only partially reflects how automated a plant is.

Total Automation

The Total Automation measure, in contrast, captures the level of both flexible and
fixed automation. Total Automation measures the percentage of direct production steps
in the welding, painting, and zssembly areas that are automated. As such, it is an
indicator of the overall automation stock in the plant, while giving no indication of the age

or capabilities of the automation. The data analysis will test both measures of technology.

CONTROL VARIABLES

This group of variables includes Model Mix Complexity, Parts Complexity,
Production Scale, and Product Design Age. (Krafcik, 1988c) While ail potentially affect
manufacturing performance directly, in this dissertation, they will be treated primarily as
control variables. The one exception will be Model Mix Complexity, which will be regarded
as a control variable with respect to productivity and quality outcomes, but will also be
considered as a proxy for Product Variety -- a third outcome of the production system that

will only be briefly discussed in this dissertation.
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Model Mix C lexi

Model dMix Complexity refers to the mix of different products and product variants
that the production system produces. This is not intended to capture every minor variation
in products (e.g. all different options available for a given automobile model} but rather the
major variants (e.g. number of distinct automobile models and bedy styles -- two-door,
four-door, fiva-door). This measure also varies depending on the configuration of the
production system. For example, a plant with two different assembly lines that builds two
different models will have the same product variety score as a plant with one assembly line

that builds one model.

Parts Complexity

Unlike Model Mix Complexity (which refers to the number of distinct product
designs that are produced) and option content (which refers to cosmetic variations that are
independent of the core design), Parts Complexity refers to an intermediate category of
variation that affects the sequencing of vehicles, materials fiow, the variety of required
subassemblies, and the administrative requirements for dealing with suppliers. This index
is based on the number oi: wire harnesses, exterior paint colors, engine\transmission
combinations, the number of assembly area part numberss, the percentage of parts used
in the assembly area that can be used in all vehicles built in the plant, and the number of

suppliers to the assembly area.

Production Scale
Production Scale is central to the definition of mase production, and ali models of
fiexible production posit a reduction in economies of scale. We would therefore expect this

variable to he an impcrtant differentiator between mass and flexible production systems.

94



95
It is defined as the average number of vehicles built during a standard, non-overtime day.
For most plants, this is based on a high level of capacity utilization. If a plant is onerating
at a low capacity utilization rate due to poor short-term market conditicns, this measure

will be adjusted to reflect their long-terrn level of operation.

Product Design Age

Product Design Age is defined as the weighted average number of years since a
major model introduction for each of the products currently built at & given plant. This
measure is a partial proxy for manufacturability, on the assumption that preducts designed
more recently are more likely to have been conceived with ease of assembly in mind than

older products.
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CHAPTER 4

PRODUCTION ORGANIZATION AND MANUFACT!JRING PERFORMANCE

This chapter will present data analyses relatad to the construction of the Production
Organization index for the sample of assembly plants and the relationship of this index (and
its components) to manufacturing performance, independent of other explanatery variables.
it will also report the results of a cluster analysis that groups plants using the same
variables that make up the Production Organizatin index.

The use of cluster anaiysis is consistent with the configurationai perspective on
production systenis cutlined in Chapter 2. !t provides more detail than the ProdOrg index
about the internal structure of production crganization for grcups of homogeneous plants,
and lays the groundwork for examining the integration ot production organization and
technology -- the focus of Chapter 5.

First, | summarize the distribution of manutacturing performance data for the 62

volume assembly plants, for both the sample as a whoie and for regional groupings.

A. ASSEMBLY PLANT PERFORMANCF

Sample-wide Performance

The datea reveal large differentials in productivity and quality. The best productivity
level is found in a plant in Japan, at 13.2 hours per vehicie; the worst productivity level
is nearly six times more -- 78.6 hours per velicle for a New Entrant plant. Mean
productivity for the volume sample (n=62) is 33.1 hours per vehicle, with a standard

deviation of 12.4 and a moderate positive skew of .975. Ail plants fail within two
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standard deviations from the mean, except the New Entrant plcnt mentioned above, which
is a clear outlier (nearly 4 S.D.’s from the mean.) Without this outlier, the mean
productivity level is 32.2 hours per vehicle.

For quality, the range of perforrance is even greater. The best quality level, at
27.6 detects per 100 vehicles, is found at a New Entrant piant, while the worst quality
level is more than six times higher -- 168.6 defects, found at a U.S.-owned plant in North
America. The mean for quality in the voluma sample is 78.4 defects per 100 vehicles,
with a standard deviation of 31.2 and a moderate positive skew. For quality, there are two
outlier plants -- the plant mentioned above and another plant with 158 defects per 100
vehicles in Australia; both are nearly 3 S.D.’s from the mean. The average quality for the

sample without the outliers is 74.2 defects per 100 vehicles.

Begional Performance’

Figure 4-1 shows productivity performance for five regional groupings, identifying
best, worst, and weighted average (by plant scale) productivity levels.

There is a wide range of productivity performance across and within regions,
renlicating earlier results. (Krafcik and Womack, 1987; Krafcik, 1988a; Krafcik and
MacDuffie, 1989) Compared to the average plant in Japa’., U.S.-owned plants require
48% more effort, and European plants 119% more effort, to comhlete the same set of
manufacturing activities. The Japanese transplants in North America outperform U.S.
plants on average, but do not yet match the pe formance of plants in Japan. But there is
overlap in perforrnance results across regions as wel;. e.g. some American plants are more

productive than some Japanese plants. Also, the range of performance arnong plants in

' The analysis and prasentaticn in this section zre based on Krafcik and MacDulfie

(1989), updated to include plants that ha»/e joined the sznple since that time. Australian
data are not shown here due to graphica’ constraints, but are used in all other analyses.
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Japan (nearly 2 to 1) belies the notion that these plants are all equally productive.

Figure 4-1: Regional Productivity Performance
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The range of world-wide quality 1s shown in Figure 4-2.2 Here again, there are
significant differentials across and within regional categories. While Japanese plants in
Japan have the best quality average, the transplants in the U.S. have very nearly equalled
their performance. U.S.-owned plants in North America and European plants both have

approximately 50% more defects, on average, than Japanese plants in Japan and the U.S.

2 The international Assembly Plant St/ (JAPS) sample draws data from the 1989
J.D. Power Initial Cuclizy Survey and, for plants it selling products in the U.S. market,
corporate quality recosds adjusted to produce an equivalent score. We have quality scores
for 46 plants in this sair:ple. Figure 4-2 is more comprehensive, presenting the same data
for a larger group -- ail plants (n=80) that sell products in the U.S. (but with no
extrapolated corporate data). Regional averages for the IAPS sample are similar to those
in Figure 4-2, with some exceptions: J/J - 47.7 defects/100 vehicles; J/NA - 48.7; US/NA
-91.8; E/E- 77.7; NE - 71.5; and Australia (not shown in Fig. 4-2) - 118.5. Thus the IAPS
sample used in the data analyses includes better-than-average Japanese plants and worse-
than-average American plants, in terms of quality.
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Figure 4-2: Regional Quality Performance
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The Link between Quality and Productivity

Although traditional manufacturing doctrire propounds that high levels of quality
and high levels of productivity are incompatible, our data show otherwise. We divide the
sample into four performance zones (Figure 4-3) and find a surprising number of plants that
achieve better than average productivity and quality performance, with an overali
correlation between these outcomes of .36 (p=.007). Further, we have identified a small
group of "world-class” plants that simultaneously achieve very high levels of productivity

and quality.?

® The high and low productivity and quality zones are civided at the sample average
for the 46 plants for which we have both kinds of data -- 33.1 hours per vehicie and 78.4
defects per 100 vehicles. The plants in the Low Productivity - Low Quality ~one whose
quality level is slightly better than the sample average were judged too few to constitute
a separate category and virtually indistinguishable on most variables from those with
worse-than-average quality. The "world-class” zone includes plants with productivity
better than 25 hours/vehicle and quality better than 50 defects/100 vehicles.
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Figure 4-3: Productivity/Quality Performance Zones
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Note that the simultaneous achievement of better-than-average quality and
productivity is not Lriited to plants in Japan -- six American plants, one European, and
three New Entrant plants join five Japanese-parent plants in this high-performihg zone. On
the other hand, the world-class performance zone ¢rni¢ains only Japanese plants -- four in
Japan and two in North America. One striking manifestation of the relationship between
proc:ictivity and quality is the small number of plants with above-average quality and
below-average productivity, or below-average quality and above-average productivity. For

the majority of plants in our sample, quality levels and productivity levels are closely linked.

B. THE PRODUCTION ORGANIZATION INDEX
nstructing the Index
The theoretical rationale for choice of variables for the Production Organization

(ProdOrg)} Index is found in Chapter 3. Here | focus on the statistical relationships among




these variables supporting their inclusion in the index.

The organizational variables measured on the assembly plant survey are grouped
into three component categories: Use of Buffers, Work Systems, and Human Resource
Management Policies. All the variables in these three component groupings are recoded
to a scale from O to 4 (where O is the mass production endpoint and 4 is the flexible
production endpoint), thereby effectively standardizing them. Table 4-1 lists the variables
(both coded and uncoded) in each category, together with descriptive statistics.

The component indices are forrmed by adding the variables together, with an equal
weight for eiach variable since there is no clear theoretical basis for unequal weights. Each
component index is then standardized by creating a scale from 0 to 100, where O is the
plant with the lowest index score and 100 is the plant with the highest index score.
Finally, the overall ProdOrg index is created by taking the simple average of the three
component indices. A high score on the ProdOrg index then indicates the "organizational
logic™ of a flexible production (FiexProd) system and a low score indicates the same for a

mass production (MassProd) system.

Distribution of MassPr nd FlexPr rganizational Practic

There is no reason to expect that plants in the sample will be normally distributed
along the ProdOrg Index or any of its components. Indeed, as Chapter 2 suggests, the
flexible production practices under investigation were developed initially in Japan and have
subsequently diffused to other countries, both as Japanese transplants have opened in
various regions and as Japanese-influenced manufacturing philosophies about quality
control, inventory policies, and continuous improvement have been adopted by U.S. and
European firms. This diffusion is still a relatively recent phenomenon, so we can expect

that mass production plants will still predominate.
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Table 4-1

Production Organization Variables:
Descriptive Statistics

Component Mean S.D.
Use of Buffers
Size of Repair Area 2.4 1.1
(as % of assembly dept. square footage)
Inventory Policy 2.3 1.0
(days of parts and frequency of delivery)
Size of Paint-Assembly Buffer 2.5 1.3
(as % of one-shift production volume)
Work Systems
Percent of Workforce in Work Teams 1.1 1.6
Percent of Workforce in Employee Involvement Groups 1.6 1.4
Suggestions per Employee 1.4 1.2
Percent of Suggestions Implemented 1.8 1.4
Decentralized Responsibility for Quality 1.5 1.3
Job Rotation 1.8 1.1
Human Resource Management Policies
Recruitment Selectivity 1.5 1.6
Training for Experienced Employees 1.5 1.2
Contingent Compensation 1.6 1.5
Status Differentiatior: 1.9 1.5
istics for Sel n Variabl
Size of Repair Area 11% 8%
(as % of assembly dept. square footage)
Inventory Level (in days for 8 parts} 2.2 1.5
Size of Paint-Assembly Buffer 34% 30%
(as % of one-shift production volume)
Percent of Workforce in Work Teams 18% 30%
Percent of Workforce in Employee Involvement Groups 31% 46%
Suggestions per Employee 9.2 26.1
Percent of Suggestions implemented 52% 47%
Training of New Production Workers (hours) 170 259
Training ot Experienced Production 44 63

Workers (hours per year)

All variables are recoded to a scale from O to 4, where O is the "mass ~oduction” and 4 is the
"flexible production endpoint.




An examination of the frequencies for the variables making up the Work System and
HRM components of the ProdOrg index shews that nearly all of them are slightly positively
skewed, meaning that more plants fail on the MassProd side of the mean. The skew is
greatest for variables indicating participation in work teams, employee involvement groups,
and suggestion programs, and for job rotation, training of experienced employees, and the
decentralization of quality responsibilities.

This distribution suggests that these practices are, for the most part, adopted either
extensively or not at all. If so, this may be because it is very difficult to achieve a stable
transitional state in these areas. Considerable previous research (e.g. Lawler, 1985;
Cutcher-Gershenfeld, 1988) finds that workplace reforms (e.g. teams, quality circles, or
job rotation), undertaken as a "quick fix" without any accompanying change in business
or technology strategy often become stagnant or isolated and are then abandcned.

In contrast, variables related to the Use of Buffers component are slightly negatively
skewed. This may indicate that the idea of buffer reduction as a way to reduce waste and
improve quality is diffusing more readily than the work organization changes discussed
above.

When these three groups of variables are combined into the three component indices,
the Work System component is most strongly positively skewed; 74% of plants have
scores below 50, the midpoint of the scale. For the HRM component, 61% have scores
below 50, while for the Use of Buffers component, which is slightly negatively skewed,
only 40% have scores below 50. When the components are combined into the overall
ProdOrg index, there is also a positive skew, with 68% having scores below 50. On the
basis of this index, therefore, we can characterize about two-thirds of the plants as "mass
production” and one-third as "flexible production”.

This rough categorization is not meant to suggest a strictly bipolar distribution
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between these two types. Some plants clearly fall into a "transitional” category. As the
histogram in Figure 4 {with an imposed normal distribution curve) shows, there are higher-
than-normal concentrations of plants not only at the high and low ends of the distribution,
but also at some points closer to the middie (e.g. stores between 35 and 39 and 43 and
47). There are at least a few plants scattered continuously throughout the distribution,
with the exception that there are no plants with scores below 16 or above 91.

Figure 4-4

Histogram for Production Organization !ndex

Count idpoint

13 .
18 | pypegs:
23
28
33
38
43
48
53
58

s -
DB IWNWa: 2 DN VNN2 O WNO

Histogram Frequency

valid Cases 56

Below, when using these same variables in a cluster analysis, the resulting 2-cluster
solution corresponds to the broad divide described above -- two-thirds MassProd and one-
third FlexProd. But the 4-cluster solution, which allows a finer-grained analysis, does
identify plants in a transitional phase, between the two polar types.

To make the ProdOrg index score more comprehensible, Table 4-2 shows the
relationship between a plant’s ProdOrg score and its scores on specific variables. It

focuses on four pairs of plants across the ProdOrg distribution, where each pair has similar
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scores; there is a pair of piants close to both the MassProd and FlexProd erdpoints and
two pairs of plants vith intermediate scores.

The trends for these variables are clear as one moves from the MassPr~d scores
to the FlexProd scores, with more use of teams and problem-solving groups, more
suggestions per employee and higher implementation rates, more job rotation, less status
differentiation, more training, and small buffers. But examination of the individual plants
does show soms variation in the policies and practices underlying a given ProdOrg score.

This supports the value of the configurational perspective cver cne that focuses on
individual variables, for two reasons. First, isolated FlexProd practices in predominantly
MassProd plants (such as the high amount of training at the New En:rant and European
plants with tha lowest ProdOrg scores in the sample) could be misleading if chosen as the
scle indicator of production organization. Second, different plants may manifest the
organizational characteristics of mass or flexible production in different ways, involving
different combinations of policies and practices. Thus this approach, designed to
encompass those differences, is less structurally determinist than one that only examines

individual variables.

Reliability Tg. sts

Reliability tests for the three component indices reveal a significant intercorrelation
among the included variables. The Cronbach’s standardized alpha score for the Use of
Buffers index is .62, for the HRM index is also .62, and for the Werk Systems index is .80.
Furthermore, the three component indices are highly intercorrelated -- for the Use of
Buffers and Work Systems, r=.55; for Use of Buffers and HRM Policy, r=.53; and for
Work Systems and HRM Policy, r=.51. This supports the combination of these three

components into the ProdOrg index, whose Cronbach’s standardized alpha score is .77.
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rrelation with Qther Key Variabl

Here | examine the relationship between the ProdOrg index (and its component
indices) and other independent and dependent variables. Table 4-3 shows the correlation
matrix for the ProdOrg index, the two technology measures, the two compiexity measures,

scale, product design age, and the two performance measures.

Table 4-3

Correlations between ProdOrg Index and Other Key Variables

Variable Correlation with ProdQrg
Productivity (hours per vehicle) -.61
Quality (defects per 100 vehicles) -.63
Total Automation (% of production steps) .47
Robotic index .44
Product Design Age -.46
Modei Mix Complexity .06
Parts Complexity .03
Scale (daily production volume) .24

ProdOrg is very highly correlated with both performance measures, with a simple
correlation of r=-0.61 (n=57, p=.000) with productivity (hours per vehicle) and of
r=-0.63 (n=45, p=.000) with quality (defects per 100 vehicles). This indicates that over
36% of the variation in both productivity and quality for this sample of plants can be
explained by this organizational measure alone.

ProdOrg is also quite highly correlated with both technology measures and product



design. Thus flexible production plants are highly automated (with a high level of robotics)
and build products that have relatively new designs -- all of which fits general expectations
for such plants.

But flexible producticn plants do not build a more complex model mix or handle
more parts complexity, on the whole, than mass production plants -- contrary to what we
commonly think of as “flexibility”. This apparent contradiction will be discussed in further
detail in Chapter 6. Furthermore, the correlation between ProdOrg and scale is positive but
low (r = .24). This suggests that there is no simple correspcndence of MassProd plants
with high scale and FlexProd plants with low scale, as arguments that link flexible
production to lower economies of scale claim.

These relationships change very little when the component indices of ProdOrg are

examined. On the whoie, the correlations are higher when the full index is usea than when -

individual indices are considered separately -- supporting the idea that these organizational
practices are highly interdependent and reinforce each other. Generally, the Work Systems

index has a lower correlation with other variables than Use of Buffers and HRM Policies.

Component Analysis for Production Qrganization and Performance

As a test of the separate effects of the three ProdOrg components on performance,
| examined the correlation between the ProdOrg index and the outcome variables,
controliing successively for each of the components.

As Table 4-4 shows, the greater the drop in the correlation between ProdOrg and
preductivity when controlling for one component, the greater the role of that component
in accounting for the overall relationship. Thus Use of Buffers contributes most and Work
Systems least to the strong relationship between ProdOrg and productivity, while HRM

Policy contributes most and Work Systems least to the ProdOrg - quality relationship.
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Table 4-4

Component Analysis of Production Organization a2nd Key Outcomes

Correlation of ProdQrg w/; Pr ivi Quality
No controls -.61 -.63
Controlling for Use of Buffers -.26 -.40
Controlling for Work Systems -.46 -.56
Conitrolling for HRM Policy -.36 -.23

One interpretation of these findings is that there is no structurally determinant
effect of "flexible production™ organizational practices on performance. For example, we
know from other research that it is quite possible to implement the structural changes that
underlie the Work System index -- work teams, Employee Involvement groups, suggestion
systems -- without necessarily changing organizational processes. As cited above, Katz
et al. {1988) in fact found a slightly negative relationship between work teams and
productivity, holding all other factors constant in their sample of automotive plants from
a single U.S. company. In that company (as in others), teams had often been forced into
place as a quid pro quo for investments in plant technology or the placement of a new
model and were never accepted as legitimate by the workforce. The same point can be
mace about the use of buffers. It may be quite possible to minimize buffers for purely cost
reduction purposes (i.e. the elimination of inventory holding costs) without changing the
organizational processes that lead to high quality.

In both cases, it may be true that the reduction of buffers or the introduction of

new work structures only contributes to manufacturing performance if they improve a
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plant’s capability for ongoing problem-solving, 2r "continuous improvement”, as suggesied
in Chapter 2. If this is the case, the significant contribution of the HRM index to both
productivity and quality suggests that these policies, which help create a "psychological
contract” that aligns individual and organizational goals, may be an important precendition
to achieving this capability for incremental innovation.

The ProdOrg index and its component indices provide one way of examining
bundles of interdependent organizational practices and their effect on manufacturing
performance. Next, | will discuss another way of using the variables in the ProdOrg index -
- as the basis for grouping plants into clusters that organize their production systems

similarly.

C. CLUSTER ANALYSIS OF PRODUCTION ORGANIZATION

Why Cluster Analysis?*

If, as | have arqgued in Chapter 2, production systems consist of bundles of
interdependent features and must be analyzed as such, one should be able to distinguish
among plants by examining the degree to which such bundies of practices can be found.

All mass production plants should evidence a particular bundle of organizational practices;

* One common approach to this analysis would be to use factor analysis to reduce a
large number of variables to a few underlying factors. The configurational perspective
would suggest that any such factors would not be independent, as orthogonal rotation
would require them to be, but correlated. However, oblimin rotation could be used instead,
which allows for factor intercorrelation. | did try factor analysis, using various extraction
algorithms and oblimin rotation. Strong factors did emerge, but generally each factor
combined a variable involving use of buffers with some work system and human resource
variables, in ways that were not readily interpretable. Ultimately, | chose not to rely on
factor analysis bec.use the high degree of intercorrelation (both conceptually and
statistically) among the component variables makes the selection of factors relatively
arbitrary, given the large number of variables and the small sample size.
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flexible production plants should be characterized by a contrasting bundle. Betweer these
polar types should be some transitiona! states at which, we might expect, groups ot plants
with similar practices could also be found. identifying these groupings of plants is an
important step in developing a classification of production systems, which in turn is
important for advancing our theories of production systems.

A statistical procedure especially well-suited to this classification task is cluster
analysis. Aldenderfer and Blashfield (1984} describe cluster znalysis as a method "that
starts with a data set containing information about a sample of entities and attempts to
reorganize these entities into relatively homogeneous groups.” While there is no precise
definition of what constitutes a ciuster, the ideas of similarity within a group and
diiierentiation from other groups of homogenous entities are central to the concept.

~rothes definition, from Wallace and Boulton (1969), is also germare to our
purposes here; they define  cluster as "a subset of entities which may usefully be treated
as equivalent in some discussion.” The goal of this dissertation, which is to understand
the implications of the emergence and diffusion of a new type of production system, is

well-served by a statistical technique that helps identify such groupings.

Metheodological Choices

There are several decision points in a cluster analysis. (Everitt, 1980; Aldenderfer
and Blashfield, 1984; Norusis, 1988; Ulrich and McKelvey, 1990) First, a method for
computing the similarity (cr dissimilarityy among cases must ke selected. Then, the
method through which similar cases will be joined together into clusters must be selected.
The proper number of c'usters can not entirely be determined statistically and so is
affected by the researcher’s judgment about their simpliciiy and interpretability.

Finally, since the choice of clusters is somewhat subjective and since different
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algorithms can produce different clusters (and will always identify some kind of cluster
structure), the identified clusters rnust be validated, both statistically distinct and
conceptually meaningful.

Similarity Measures. The most commonly used similarity measures are based on
the distance between cases in some n-dimensional space, where n is the number of
variables used to evaluate similarity. Most of these distance measures are true metrics,
meaning they satisfy several desirable mathematical properties, including symmetry (the
distance between A and B equals the distance between B and A) and ability to distinguish
nonidentical cases.

This makes distance measures preferable to the Pearson correlation coefficient,
which is not a true metric, since it can report a correlation of 1.0 {identity) for two cases
that have an identical shape of variation but different values for the variables in question.

The only disadvantage to distance measures is that they are very sensitive to
differences in the range and scaling of variables. ‘inerefore, it is routine in the use of
distance measures to standardize data first, most commonly by using a z transformation
to achieve a mean of zero and a standard deviation of 1 for all variables. While this is not
strictly necessary for the ProdOrg variables, given that all are recoded to the same 0-4
scale, it will be necessary for later analyses where the technology variables will be added
to the set of clustering variabies. Therefore, all variables used in all cluster analyses below
are first standardized.

The most comimonly used distance measure is Euclidean distance -- the square root
of the sum of squared differences in values between two cases for all clustering variables.
| use this measure -- the default in SPSSX; other measures produced similar results.

Ciystering Methods. There is an assortment of clustering methods that can be

used, but again there are some heuristic guides to selecting a method. The most
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commonly used approach for continuous data in the social sciences is a group of
hierarchical agglomerative clustering methods. (Blashfield and Aldenderfer, 1978) The
predominance of these methods is pariially revealed by the fact that these are the only
clustering methods offered through the general statistica! packages SPSSX and SAS.
These methods initially treat each case as a separate cluster. They then search a
similarity matrix for all cases and merge the two most similar cases to form a larger cluster.

Then at each stage, two more clusters are merged, so that clusters "agglomerate” -- in
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contrast with "divisive" methods which start with all cases in one giant cluster and then -

remove dissimilar cases sequentially.

The resuilting clusters are hierarchical in the sense that they are nested, and can be
graphically represented by a tree diagram. For any particular cluster solution, e.g. four
clusters, there is no overlap among clusters; each branch is independent. But when the
agglomeration process continues, the three cluster solution is reached by combining two
of the previous four clusters together. Thus a solution with more clusters always reveals
a more finely differentiated view of the structure defined by a solution with fewer clusters.

Hierarchical agglomerative methods are distinguished by the different rules cr
sorting strategies they use to form clusters; the most commonly used methods are known
as Single Linkage ("nearest neighbor"), Complete Linkage ("farthest neighbor"), Ward'’s
method, and Group Average. For example, with Single Linkage, the first two cases
combined are those that have the smallest distance between them. The distance between
the new cluster and individual cases is then computed as the minimum distance between
an individual case and a case in the cluster. In contrast, Complete Linkage calculates the
distance between two clusters as the distance between their two furthest points.

The other twe methods strike a middle ground: Ward's method calculates the

distunce from each case to the cluster mean for all variables and merges clusters to



minimize within-cluster distances, and the Group Average method combines clusters co
that the average distance between all cases in the resulting cluster is as small as possible.
Each method tends to produce clusters with certain characteristics. The Single
Linkage method has the liability of "chaining™ clusters; the algorithm makes it more likely
that a new case will join an existing cluster rather than starting a new one. The result is
often one or two very large clusters and a string of single case clusters. The Complete
Linkage method, on the other hand, tends to produce rnany small clusters by favoring the
start of new clusters. Ward’s method tends to produce clusters of more nearly equal size
but also excels at distinguishing clusters that are relatively close together, while the Group
Average method is often favored as a compromise method with no consistent biases.
While at times, the structure of the data may provide a clear preference for one
clustering method over another, most statisticians believe that choice of method must
ultimately emerge from a process of comparison and validation. Everitt (1980) writes:
"... no one technique can be judged ‘best’ in all circumstances. In general, a
number of techniques should be used; if all produce very similar solutions, then one
would be justified in concluding that this solution is worth further investigation,
while widely different solutions might be evidence against any clear-cut cluster
structure.”
Following such a process (described helow), | ultimately chose tha Group Average method
for these data -- what in SPSSX is called the "average linkage within groups” method.
Number of clusters. There is also widespread agreement among statisticians that
the problem of selecting the proper number of clusters remains unresolved. Everitt writes:
The main difficulties with deriving formal significance tests appear to be the
specification of a suitable null hypothesis, the determination of the sampling
distribution of the distance measure used, and the development of a flexible test
procedure. Perhaps the problem is in fact incapable of any formal solution since
there is no universally acceptable definition of the term cluster.

One common heuristic is to examine the "fusicn coefficient™ at each clustering

stage. These values indicate the distance threshold at which two clusters were merged;
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small coefficients indicate that fairly similar clusters are being merged, while large
coefficients indicate the joining of two dissimilar clusters.

Evaluation of the proper number of clusters can then be based on the size of the
increase between two adjacent steps, since it is best to stop agglomerating before very
dissimilar clusters are forced to join. Other factors also influence this cheice, especially
with a small sample, since with many clusters, the number of cases per cluster may be so
small as to be impossible to validate and/or interpretively useless. i chose to examine
both two and four cluster solutions. The only major discontinuity in the fusion coefficients
comes after the two cluster solution is reached. Also, the two ciuster solution matches
the broad distribution of plants along the MassProd to FlexProd continuum, while the four
cluster solution allows for the examination of transitional groups between the MassProd

and FlexProd polar types.

istical Validation of CI r

Aldenderfer and Blashfield (1984), Everitt (1980) and Ulrich and McKelvey (1990)
all argue that it is the use of validation procedures once a cluster structure is determined
that can best settle the issue of whether the choice of clusters is appropriate and useful.
Everitt (1980) provides a useful summary of validation steps:

1) Trying different clustering methods and different clustering solt'ians (e.g.

different numbers of clusters) to see they produce similar results. If results are

very different, there is probably no clear structure in the data.

2) Attempting to replicate the cluster soiution with a subset of the sample and/or

a subset of the clustering variables, again to test whether the same structure

emerges even when there is less information for classification.

3} Comparing clusters on variables not used in the clustering analysis but
conceptually relevant as differentiating criteria.
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Ulrich and McKelvey (1990) argue that the comparison of clustering methods
should not merely chack for similar results but should provide statistical guidance for
selecting a preferred methed. In their derivation of a classification of the population of
electronics firms in the U.S. and Japan, they use various tests to choose which of two
similarity measures (distance and correlation) and which of three clustering methods
(single, complete, and Group Average) produce the statistically most distinct clusters of
firms.

First, they examine the cophenetic correlation, a measure that tests how well the
similarity matrix implicit in the structure of a cluster solution matches the similarity matrix
used for clustering. Then they test for significant differences across clusters for the
variables used in the clustering process, in three ways: 1) discriminant analysis (checking
whether cases are correctly assigned to the chosen clusters); 2) t-tests (seeing what
percentage of cluster means differed significantly from sample means); and 3) F-tests (with
a one-way ANOVA to compare between-group and within-group variance).

It is, of course, no surprise that the means of variables used for clustering should
be significantly different across clusters. This fact alone provides absolutely no validation
of clusters, as Aldenderfer and Blashfield (1984) point out:

Cluster analysis, by definition, will separate entities into clusters that have virtually

no overlap along the variables being used to create the clusters. Significance tests

for differences among the clusters along these variables should always be positive.

Since these tests are positive, regardless of whether clusters exist in the data or

not, the performance of these tests is useless at best and misleading at worst.

But Ulrich and McKelvey use these comparisons to show that the Group Average
clustering method with a distance measure yieids the clusters that are most statistically
distinct, i.e. have the largest difference in means of the clustering variables. Using the

same tests they did, | also found that the Group Average method produced the most

distinct clusters for these data.
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Table 4-5

Comparison of Clustering Methods for the 4-cli:ster solution:
Discriminant Analysis, T-tests, F-tests

Single Complete Group Ward’s
Linkage Linkage Average Method
Discriminant_Analysis
Total eigenvalue in
discriminant function 1.39 10.63 13.22 10.39
Number of significant
functions (p < .05) 0 3 3 3
% of cases accurately
grouped 98.2% 100% 98.2%
T-test
% of significant differences
o! each variable across --- 55.1% 64% 64%
all clusters
f-Test
Between group variance
(average for variables
across all ciusters) 1.3 7.2 7.5 7.4
Within group variance 0.97 0.64 0.62 0.63
F-test 1.4 13.5 15.6 13.6
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Table 4-6

Comparison of Cluster Methods:
Correlation between Cluster Membership for 4-Cluster Solution

Cluster Method rrelation w/ Gr Aver luster.
Single Linkage .24
Complete Linkage .82

Ward’s .92



Table 4-5 summarizes the discriminant analysis, F-test and t-test results for the four
clustering methods described above. For the discriminant analysis, the sum of the
eigenvalues measures the total between-group variance existing in the clustering variables.
Examining the 4-cluster solution, Group Average method has the highest sum, at 13.22,
following closely by Complete Linkage and Ward’s method at 10.63 and 10.39
respectively, and with Simple Linkage at a very low 1.39.

All methods, save Simple Linkage, identify three statistically significant functions,
but Group Average is marginally better at grouping plantz in assigned clusters, with an
accuracy of 100% compared with 98.2% accuracy (i.e. one misclassified case) for the
Complete Linkage and Ward’s methods.

For t-tests, | compare means for all possible pairs of clusters for each of thz
ProdOrg variables, unlike Ulrich and McKelvey, who compare a cluster meanr with the mean
for all cases outside the cluster because of their much larger number of clusiers and
variables. Thus there are six comparisons arnong the four ciusters for 13 variables, for a
total of 78 t-tests. | then count the number of these tests that are significant (at p < .05,
using two-tailed tests, since the direction of the relationship is not always predicted).
Group Average method and Ward’s method both yield 64% significant t-tests, compared
with 55% for Complete Linkage. (T-tests could not be computed for the Single Linkage
clusters, since three of the four clusters consisted of a single case.)

Finally, | average the between-group and within-group variance for all 13 variables
across the 4-cluster solutions for each method. Again, Group Average has marginally the
highest between-group variance (at 15.6), the lowest within-group variance (at .62), and
the highest F-score (15.6), with Complete Linkage and Ward’s Method showing nearly
equivalent results. Single Linkage has the only F-score that is not statistically significant

at the p < .05 level.
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These results show that the Groun Average method is only slightly preferable to the
Complete Linkage and Ward's methods; all three of these are, in turn, much preferable to
the Single Linkage method. In this sense, the choice of method here is not so crucial since
all methods but Single Linkage identify a similar cluster structure. Table 4-6 shows the
correlation between a cluster membership variable for the Group Average method (4-cluster
solution) and the same variable for the other three methods. The very high correlation,
especially between the Group Average and Ward’s methods, is reassuring.

To further validate the Group Average 4-cluster solution, | compared it with the 4-
cluster solution resulting from a subset of cases {the random selection of 50% of the cases
in the sampie), and from a subset of variables (using every other variable, once starting
with the first variable in the variable list and once starting with the second variable).

As above, | created a variable identifying u e cluster membership for each case; the
correlations between cluster membership for these different subsets is in Tabie 4-7. The
high correlations show that the clu.s.er structure is clear and quite stable even with half the
classificatory information.

Finally, as a check on whether the continuous ProdOrg index and this cluster
analysis are identifying the same basic structure in the data, | correlate Group Average
cluster membership for the 2,3,4, and 5 cluster solutions with the index and its
components. Table 4-8 shows that there correlations are juite high, especially for the two
and four-cluster solutions that will be the focus below. This suggests that there is a
convergence of results from these two very different methods of identifying a plant’s

overall production organization.
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Table 4-7

Validation of Group Average 4-Cluster Solution:
Clustering with Subsets of Cases and Variables

Subset rrelation with Qriginal 4-Cl r
Using 50% of cases .87

(random selection)

Using every other variable .82

(starting with first one)

Using every other variable .70

(starting with second one)
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Table 4-8

Validation of Group Average Cluster Solutions:
Correlation with Production Organization Index and its Components

Index Correlation_with Group Average Clusters

ProdOrg .87 .79 .85 .69
Use of Buffers .63 .66 .68 42
Work System .82 .53 .67 .86

HRM Policies .68 .75 .84 .64




nderstanding the Cl rs - Validating for fuln

Having arrived at a cluster solution, we can consider the value of these clusters to
our understanding of these data. The questions are twofold: 1) Do the clusters shed light
on the internal structure of the clustering variables (the same ones used to create the
ProdOrg index)? and 2) Do the clusters also teli us something of importance about other
variables not used to form the cluster?

To summarize, the final two and four cluster solutions to be examined here resulted
from the use of the 13 ProdOrg variables with a Euclidean distance measure and the Group
Average clustering method for 56 assembly plants. The two cluster solution has 41 plants
with “"mass production” characteristics and 15 plants with “flexible production”
characteristics.

The four cluster solution divides the 41 MassProd plants into two groups, one of
which emphasizes participation and employee involvement activities (n=17) and the other
of which emphasizes careful recruitment, extensive training, job rotation, and uses buffers
more sparingly (n=24).

It also divides the 15 FlexProd piants into two groups, one of which (n = 7) is made
up of Japanese plants in Japan that utilize FlexProd practices most extensively, and the
other of which (n = 8) includes the Japanese transplants in North America and other plants
scattered around the world that follow the human resource policies of flexible production
but have (to date) implemented less of the associated work siructures and policies about
buffers.

The ProdOrg index and its three component indices provide a usefui way to examine
these clusters for meaningful differences. While we would expect to find that such
differences do exist (as inentioned above), both for the individual variables and the indices,

here the focus is understanding how the variabies relate to each other within each cluster.
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Table 4-9

Validation of Group Average Cluster Solutions:
Mean Differences for ProdOrg Indices Across Clusters

Index A c2 Cla Cib C2a C2b
ProdOrg 34.8 74.9 314 ¢ 37.2 68.2 82.6
Use of Buffers 47.6 80.0 40.3 52.8 746 * 86.1
Work System 24.4 7.4 33.6 17.9 57.4 87.3
HRM Policies 32.4 73.3 20.4 40.8 725 + 74.3
n of cases 41 18 17 24 8 7

All mean differences for adjacent. clusters (comparing C1 and C2 or comparing C1a, Cib, C2a,
C2b) are significant at p < .05, unless marked:

* = p <.10 or + = not sigrificant

Table 4-9 therefore shows mean differences for the key indices for the two and
four cluster solutions. The two-cluster solution is presented in the columns marked 1 and
2, and the four-cluster solution is presented in columns 1A, 1B, 2A, and 2B. (Because the
clusters are hierarchical, the three-cluster solution can also be seen by comparing columns
1A and 1B with column 2.) All means are significantly different at the p=.001 level, with
the exception of the Use of Buffers means between 1A and 1B (p=.05) and between 2A
and 2B (p=.10), the ProdOrg means between 1A and 1B (p=.10), and the HRM Policy
means between 2A ard 2B (n s.)

This table reveals the striking difference between the major clusters 1 and 2,

corresponding to the. broad distinction between MassProd and FlexProd plants. The




proportion of MassProd to FlexProd plants is, in this grouping, about 75%-25% -- a
somewhat higher proportion of MassProd plants than was suggested by the histogram in
Table 4-1.

These data suggest that, while clusters 1A and 1B are similar in their ProdOrg index
mean score, the internal structure of those organizational practices is quite different. The
1A piants emphasize modest Work System changes -- not teams but limited employee
involvement activities (affecting a third of the workforce, on average) and suggestion
programs (less than one suggestion per employee per year, on average). These plants also
report a more extensive decentralization of quality inspection tasks to production workers
than the 1B plants.

In contrast, the 1B plants emphasize "high commitment” human resource policies -
-selective recruitment, focused on attitudes towards learning new skills; extensive training
for new and experienced employees; and reduced status barriers between managers and
workers. Tnese plants also report a more extensive use of job rotation than 1A piants -
consistent with the "multiskilling” approach. Finally, the 1B plants report having smaller
parts inventories and in-process buffers than 1A plants.

The 2A and 2B clusters differ substantially in their mean ProdOrg score, but the
component indices show that this difference is accounted for by a much lower mean Work
System score and, to a lesser extent, by a more extensive use of buffers for the 2A plants.

Given that the 2A cluster consists of Japanese transplants in North America and
other plants in transition to flexible production, this difference is not surprising. These
transitional plants are in the midst of establishing Just-in-Time relationships with their
suppliers (as well as coping with much greater geographical distance from suppliers thar,
most plants in Japan). Aiso, the fact that employee involvement groups and other

problem-sclving activities are less fully implemented for these transitional plants matches
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Variabie

Productivity

Quality

Total Auto

Robotic Index

Product Age

Model Mix

Parts Complexity

Scale

n of cases

Table 4-10

Validation of Group Average

Mean Differences for Other Key Variables Anross Clusters

031 c2
35.8 22.3
89.7 56.3
22.2% 32.6%

1.8 3.4

5.7 2.8
29.7 + 35.1
55.6 + 57.3

885 + 1055

41 15

Cluster Solutions:

Cla Cib
40.8 323 *

100.3 + 826 *
18.5% + 24.7% +
1.4 + 20 +
7.2 4.6 +
324 + 27.7 +
63.7 * 48.9 +
912 + 865 <
17 24

26.2

58.6 +

27.3%

2.6 +

3.3 +

25.2 *

45.0 *

749 *

125

17.9

53.9

38 %

4.3

2.1

46.4

71.3

14038

All mean differences for adjacent clusters (comparing C1 and C2 or comparing C1a, C1b, C2a,
C2b) are significant at p < .05 unless marked:

* = p <.10 or

+ = not significant.




an earlier observation {MacDuffie, 1388) that, for the Japanese transplants, these practices
ten.1 to follow a period of extensive training and skill developmert rather than heing part
o’ the initial structure.

Finally, the fzct that there is no statistically significant difference in HRM policies
between these clusters supports the arguiment that these policies are reaaily transferable
and are implemented at an early stage of the transition to flexible production to help
establish the "psychological contract” that is the foundation for later changes.

Perhaps the more important validation of differences among thece clusters comes
through comparing the means of variables 1ot used to form thern, as mentioned above.
Table 4-10 shows means for the two and four cluster solutions for the key dependent and
independent variables used in the overall analysis of manufacturing performance.

There are statistically significant (p < .05) differcnces between the two major
clusters on three independent variables -- both technology measures and product design
age -- and even greater differences (p < .001) for both productivity and quality.
Differznces in model mix complexity, parts complexity, and scale across these two clusters
arz not statistically significant.

The four-cluster solution reveals that clusters 1B and 2A differ significantly for the
two dependent variables (at p < .10) but not for any of the independent variables (witi;
the exception of the ProdOrg index and its coinponents, since those were the variables
used for clustering.) Clusters 2A and 2B are muci more differentiated for these variables,
with significant differences in productivity (but not quality), Total Automation (but not
Robotics), Model Mix and Parts Complexity, and Scalc (but not Product Design Age}.

In summary, the plants in cluster 2B, clasest to the pure "flexible production” type,
are moie productive, have morz overali automation, handle more of both types of

complexity, and produce st higher velumes than the transitional piants in cluster 2A.
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Discussion

Clearly, there are significant differences among these clusters, whether the two or
four cluster solution is examined. The usg of cluster analysis helps identify plants that are
highly homogeneous in their organizational strategy, ir terms of the production organization
variables considered here. The resulting clusters also differ in level of technology and
product design age -- all variables important for our later analyses.

Although such differences do not exist for zll the independent variables, this does
not pose a challenge to the validity of these clusters, since, as seen ahove, model mix
complexity, parts complexity, and scale have a very low correlation with all of the
organizational indices. In owier words, there is no reason to believe that there is an
alternative grouping of plants, using the ProdOrg variables for clustering, that would show
significant differences for these three centrol variables.

Finally, the highly significant productivity and quality differences among these
clusters support their value in understanding performanre differences -- and also support
the strategy'of using cluster membership as a key independent variable in the multivariate
analyses of Chapter 6.

To make the clusters more comprehensible, Figure 4-5 shows the regional grouping
of plants in each cluster. Ciuster 1a includes about half of the plarts in three regions --
Europe, Australia, and New Entrant -- as well 2s a few North American plants. Cluster 1b,
on the other hand, is dominated by 10 North American plants, and also includes most of
the remaining European, Australian, and New Entrant plants. Half of Cluster 2b is made
up of Japanese-owned plants in North America and the other half is scattered around the

world, while Japanese plants in Japan make up Cluster 2b.
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Figure 4-5

Regional Composition of Clusters

Cluster 1A Cluster 1B Cluster 2A Cluster?28
MassProd MassProd FlexProd FlexProd
Partial Participators Human Capital Transitional Japan
(n=17) (n=24) (n=8) {n=7)
3 US/N. America 10 US/N. America 4 Japan/N. America 7 Japan/Japan
6 Europe 7 Europe 1 US/N. America
5 New Entrant 5 New Entrant 1 Europe
3 Australia 2 Australia 1 New Entrant
1 Australia

With these clusters firmiy established, we can now extend our interpretaticn of
them. Clusters 1 and 2 roughly correspond to the MassProd and FlexProd types described
in Chapter 2. Cluster 1A inciudes plants that have modified their MassProd organizational
practices only slightly, with employee participation efforts involving only a portion of the
workforce and very little change in HRM policies or the use of buffers. These plants also
have low levels of technology, older product desigis, and may have chosen their strategy
of partial participation in lieu of opportunities for capital investment or new products. We
might call this the MassProd - Partial Participation cluster.

Cluster 1B plants, on the other hand, while still broadly following a MassProd
philosophy, emphasize the reduction of buffers and a "human capital® emphasis on
recruitment, training, and job rotation over changes in work structure and participation.
These plants have higher ievels of technology, newer products, and are newer plants
overall, where the emphasis has been "new investment”, whether in technology or in
workforce skills. This cluster, then, could be called the MagsProd - Human Capital cluster.

Cluster 2A plants appear to represent a transitional status on the way to the full



FlexProd model. These plants reflect the early establishment of FlexProd HRM polic. es and
the philosophy of minimal buffers but also an intermediate point in the slower process of
implementing the group problem-solving activities and full Just-in-Time inventory

arrangements with suppliers that the Cluster 2B plants (all in Japan) have established.

These clusters can therefore be described, respectively, as the FlexProd - Transitional
cluster and the FiexProd - Japan cluster.

In Chapter 5, | will move beyond the focus on production organization to consider
the role of technology in the production system, and particularly the integration of
technology with production organization. This will provide another opportunity for cluster
analysis that will differentiate plants using both of these important constructs. We can
then see how much the cluster structure identified above holds when technology

differences are introduced.
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CHAPTER 5

THE INTEGRATION OF TECHNOLOGY AND PRODUCTION CRGANIZATION

This chapter will present data analyses concerning what will be termed the
"integration hypothesis™ -- i.e. a hypothesis that manufacturing performance is most
strongly linked to an integrated strategy that comhines a flexible production system with
high levels of automation. This hypothesis will be tested in a full multivariate analysis with
various control variables in Chapter 6, but here the inter-relationship of these key factors
V\;ill be explored in depth.

| will combine analyses of the continuous measures of production organization and
technology with a cluster analysis of plants grouped according to these same variables.
This will highlight distinctions among production system types outlined in Chapter 2 -- the
traditional MassProd plants with low to moderate levels of automation, the Flexible
MassProd plants that have high levels of flexible automation but are still managed
according to a MassProd "organizational logic", and the plants where flexible automation

is integrated with a FlexProd "organizational logic".
A. TECHNOLOGY IN AUTOMOTIVE ASSEMBLY PLANTS

Automotive assembly is a complex manufacturing process that has always involved
the combination of both capital-intensive and labor-intensive operations. While the capital-
intensivity of auto assembly has increased over the years as new technologies have
become available, the fact that most final assembly work is still manual means that

assembly plants are still more labor-intensive than many other manufacturing activities.
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For example, both engine and transmission plants are now far more thoroughly automated
than assembly plants. This makes assembly plants particularly weli suited to the study of
the organization/technology interface.

The major operations in automotive assembly coincide with plant departmental
divisions: the stamping of metal panels from stee! bianks; the welding of panels into a
finished body; the painting of the meta! bodies; and then the assembly of parts from
suppliers and sub-assemblies (e.g. instrument panels) into and onto the painted body.
Assembly work is, in many plants, further divided into a chassis department where the
engine and transmission are fastened to the body, a trim department where interior
furnishings (seats, carpets) and accessories (electrical accessories) are installed, and a final
assembly area where wheels and tires are put on, gas and oi! tanks are filled, and various
system tests are conducted.

The assembly plant survey focuses on welding, paint, and assembly automation.

¢ Stamping automation is not covered. Stamping is not included in the Standard

Activities used in calculating productivity, since some plants have stamping

equipment on site (most notably the Japanese-owned plants in the U.S. and Japan)

and most others receive finished stampings from large centralized facilities.

* Welding is the most capital intensive activity in an assembly plant, with the most

advanced plants now having automated 95-100% of weids; often, much of this

automation is flexible robotic equipment.

® Painting is in a more transitional state, with the most advanced plants now

automating the painting of up to 75% of the car, but with many more plants

maintaining a more equal balance between manual and automated procedures.

Robotic applications are more limited here than in welding.

* The assembly department, considered in its entirety, still consists of largely

manual tasks. Even the most advanced plants rarely have more than 2-3% of

assembly tasks automated, and the vast majority of plants have no assembly

automation at all. The assembly automation that does exists primarily consists of
robotic applications.
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Technology Measures

As described in Chapter 3, there are two technology measures. The first, called
Total Automation, refers to the percentage of direct production steps that are automated,
whether by fixed or flexible technology. This measure is the weighted average of the
automation levels in different assembly plant departments and makes no distinction
between new and old autornation. The second, called the Robotic Index, rmeasures the
number of robots used in all departments of a plant, adjusted by plant scale. This measure
focuses on the predominant type of flexible automation now in use, and thus reflects the
extent to which a plant is following a "high tech® technology strategy.

These measures, despite their differences, provide similar characterizations of the
technology levels of a given plant for the sample as a whole, as shown by the high simple
correlation between them of r=0.81.

Figure 5-1 shows the distribution for both technology measures, together with
descriptive statistics. The Total Automation measure has a somewhat bipolar distribution,
with a large concentration of plants with above-average automation and a somewhat
smaller concentration with below-average automation. Overall, it has a modest negative
skew of -.316, as well as a relatively high kurtosis of -1.3. The Robotic index, on the
other hand, has a very heavy concentration of plants with none or very few robots, and
another concentration of plants at the very high end of the distribution. The distribution
has a statistically significant positive skew of .83. As a result, correlations with other
variables will be somewhat distorted.'

Table 5-1 lists the means and standard deviations for the two measures by regional

grouping. For Tota! Automation, the past predominance of manual operations in auto

' To correct for this skew whenever the Robotic Index is correlated with manufacturing

performance and other variables, it is transformed by taking the square root, which reduces the
skew to -.042. The transformed variable will be identified accordingly.




Figure 5-1

Histogram for Total Autemation and Robotic Index
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mpan ion/Plant r Mean
Whole sample 24.4%
Japan/Japan 38.2
Japan/North America 35.7
U.S./North America 30.5
All/Europe 25.7
All/Austraiia 9.9
All/New Entrants 8.2

R ic Index (Number of r i lan

Company region/Plant region Mean
Whcle sample 2.175
Japan/Japan 4.38
Japan/North America 4.58
U.S./North America 2.24
All/Europe 2.16
All/Australia .487
All/New Entrants .559

Table 5-1

Technology Measures by Regional Groupings:
Descriptive Statistics

13.8%

3.3
3.5
8.9
12.7
3.9
8.8

1.93

1.74
.82
1.51
1.30
.289

.855
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assembly is revealed by the fact that some plants {mostly in South and Central America
but also in Europe and Australia) have less than 5% of their production steps automated,
with one plant having essentially no automation at all.

The most automated assembly plants in the world are in Europe, with 48% as the
highest automation ievel for this sample. But the variation in level of automation is very
high in both Europe and the U.S., with heavy investments in technology for newer plants
and minimal investinents for older plants; for Europe, especially, the standard deviation is
nearly half the mean.

Plants in Japan have the highest average automation level, at 38%, followed
closely by the average for the Japanese transplants in North Amerii:a of 36%, and the
standard deviation in these regions is quite smail. Finally, there is a huge automation gap
between the primary auto-producing regions (U.S., Europe, and Japan) and Australia and
the New Entrants, with the latter regions averaging only 8-10% total automation --
between one-third and one-fourth as much.

The regionai distribution for the Robotic Index shows a wider spread, with an
average concentration of robots in Japanese plants (index scores of over 4.3 in both Japan
and the U.S.) that is double that of U.S. and European plants (average scores of around
2.2). Here, the standard deviation shows that the variation in level of robotics is about the
same for the U.S., Europe, and Japan; there is much less variability for the mostly new
Japanese plants in North America. The technology gap for robotics is wider than for total
automation, with the average level for Australian and New Entrant plants at only about
one-ninth of the level for Japanese plants. Clearly, Japanese companies are relying more
heavily on robotics in their technology investments, and thus a higher percentage of their
total automation is flexible.

Table 5-2 shows the breakdown of Total Automation by department, with results
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that reflect the technological trends described above. Automation levels are highest for
welding, with Japanese plants the most automated, at around 87% -- a leve! that is 12%
higher than U.S. plants, on average, 26% higher than Eurcpean plants, and nearly 70%
higher than Australia and the New Entrants. This distribution most nearly matches the
bipolar distribution of the Total Automation measure for all departments.

The distribution in the paint department is even wider, with Japanese plants in
Japan at a level of 55% -- 13% higher than the Japanese transplants in North America,
20% higher than U.S. plants, 23% higher than European plants, 31% higher than
Australian plants, and over 40% higher than New Entrant plants. There is a modest
positive skew in this distribution, with most plants still below the sample mean of 32%
automation.

Finally, assembly plant automation reveals the most extreme variation in the
implementation of new techﬁologies. Since this automation has been implemented in so
few plants to date, the distribution has a very heavy positive skew (3.8) and a very low
sample mean of 1.1%. But some plants have invested very heavily in this technology,
such as the two most automated plants (in Europe), which, at 8.2% and 11.6%
respectively, are incredible outliers. Aside from these outliers, however, the pattern of
regional technology differences is similar.

Figure 5-2 shows a scatterplot for Total Automation by the Robotic Index. Recall
that the overall correiation between these two measures is r=0.81. But the relationship
changes when the sample is divided into two equal groups on the basis of technology
(n=31 for each group, with this dividing point the same as the median for Total
Automation (.28) and the mean for the Robotic Index (2.175)). For the Low Tech group,
there is a very strong linear relationship between the two measures (r=.77), with nearly

ell of these plants have virtually no robots. But for the High Tech plants, the correlation
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is weaker, at r=0.53. Clearly, for this group, we cannot assume that the two measures
are interchangeable.

Since these two measures capture different acpects of a plant’s technology level
(and strategy), it is valuable to have a combined technology measure to examine. | create
such a variable, called TechAll, by first dividing the Total Automation and Robotic Index
distributions into quartiles. | then sum these quartile scores to get an index that ranges
from 2 (first quartile for both variables) to 8 (fourth quartile for both variables).

| then recode the resulting seven TechAll categories into four categories: the first
includes plants that have first quartile scores for both measures (i.e. a score of 2), judged
to be the appropriate endpoint for the scale; the others all combine two adjoining vcores
(e.g. 3 and 4) into one category. Mean differences in the separate technology measures
across TechAll categories can be found in Table 5-3a, while the regional averages for the
combined TechAll measure are in Table 5-3b. The correlation between TechAll and Total
Automation is r=0.94, and between TechAll and the Robotic Index is r=0.86 (both
n=62).

| will use the TechAll variable, as well the two separate technology measures, in
the examination of the link between technology and manufacturing performance that

follows.

Technol nd Manuf ring Perform

Fzonomics characterizes production systems in terms of a production function, in
which output is a function of capital and labor. Specifically, in the Cobb-Douglas
production function that is commonly used, output equals the proportion of capital
multiplied by the proportion of labor. In such an equation, iabor productivity -- output per

unit of labor -- is entirely a function of the level of capital, i.e. the level of technology. This
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Table 5-2

Autornation by Department by Regiona! Groupings:
Descriptive Statistics

Welding Dept. Automation (Percent of welds automated)

mpany region/Plant region Mean S.D.
Whole sample 57.2% 34.6%
Japan/Japan 86.5 9.7
Japan/North America 87.5 8.6
U.S./North America 75.1 21.7
All/Europe 60.6 32.4
All/Australia 17.3 6.8
All/New Entrants 17.9 22.6

Paint Dept. Automation (Percent of paint coverage automated)
Company region/Plant region Mean / S.D,
Whole sample 32.3% 17.5%
Japan/Japan 55.1 13.6
Japan/North America 42.0 13.6
U.S./North America 34.9 12.5
All/Europe 32.3 13.4
All/Austraiia 23.6 11.6
All/New Entrants 13.6 13.8
mbly Dept. Automation (Percent of m

Company region/Piant region Mean S.D.
Whole sample 1.1% 1.9%
Japan/Japan 1.8 0.8
Japan/North America 1.3 0.7
U.S./North America 1.1 1.1
All/Europe 1.5 3.1
All/Australia 0.15 0.2
Ali/New Entrants 0.13 0.3



140
Figure 5-2

The Two Technology Measures Are Highly Correlated
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Table 5-3a

Combined Technology Variabie (TechAli):
Means for Total Automation and Robotic Index

n TotAuto
Index
TechAll = 1 (Low) 2 4.1%
TechAll = 2 14 15.6%
TechAll = 3 15 29.8%
TechAll = 4 (High! 21 38.0%
Table 5-3b

Combined Technology Measure (TechAll) by Regional Grouping}

ion/Plant region Mean
Whole samp'e 2.73
Japan/Japan 4.00
Japan/North America 3.75
U.S./North America 3.07
All/Europe 2.79
All/Auziralia 1.66
All/New Entrants 1.45
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proposition is as fundamental to our generz! understanding of production as the related
proposition that there should be increasing economies of scale -- that preductivity of all
inputs (labor, capital, materials) should increase as the volume of output increases.

There is no such precise statement in economics of the expected relationship
between technology and quality. But to the degrec that quality is defined as the extent to
which prodct design specifications are met, the greater precision and reliability that new
technologies have typically brought 10 production processes should be positively assoqiated
with better quality.

Of course, economists acknowledge that the real world of manufacturing is more
comeiex than a production function implies. Machines run under capacity, because of
breakdowns, production bottlenecks, supply shortfalls. The quality of the "human capital”
may vary due to the education and iraining workers receive, affecting their ability to
operate complex equipment, to carry out set-ups and routine maintériance, or to remedy
operational problems. But in general, economists would predict a very strong relationship
between the level oi technology and manufacturing performance, in terms of labor
productivity or quality.

At first examination, the assembly plant data would seem to support these
predictions, at least for productivity. The correlation between Total Automation and
productivity is strong and highly statistically significant at r= -0.68 (p=.000, n=62).?
The correlation between Total Automation and quality is lower (r= -.41, p=.002, n=40)

but stili statistically significant. Given that the Total Automation measure tells us nothing

? The sign is negative because productivity is better as labor hours per vehicle are lower. Thus
higher levels of technclogy are strongiy correlated with fewer hours per vehicle.
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about the age or technological sophistication of equipment, this is impressive.®

The Robotic Index, transformed to correct skewness by taking the square root,
has a slightly lower correlation with productivity (r= -0.64) and an almost identical
correlation with quality (r= -0.42). It is somewhat surprising that this measure, which
reflects recent investments in sophisticated, flexible technology, does not have a much
stronger correlation with both outcomes, given that the need for productivity and quality
gains has been given as the rationale for the vast investments in this technology in the past
decade.

The TechAll variable, which combines the two technology measures, has virtually
the same correlation with productivity as Total Automation (r= -0.66) and a somewhat
higher correlation with quality (r= -0.45) than either separate measure. Combining the
measures does not, therefore, reveal any substantially stronger link to performance.

Further evidence of relatively low returns to investments in technology, particularly
for productivity, can be seen in correlations for the Low Tech and High Tech groups (each
with 31 plants) established above. Table 5-4 shows that the correlation between
-productivity and technology is much stronger, along all three measures, for the Low Tech
group -- for whom low productivity is strongly linked to low levels of technology is strongly
linked to poor productivity -- than for the High Tech group -- for whom there is more
variability in the link between productivity and the (higher) levels of technology.

The quality situation is more complicated. The correlation for the combined TechAll

3 Although it is also the case that the correlation between Total Automation and labor
productivity may be somewhat inflated by the way the two measures are derived. Since Total
Automation measures the percentage of automated direct production steps, we can expect it to
be inherently reiated to the productivity measure, which includes the labor hours required for all
non=automated (i.e. manual) direct production steps. This inherent link is moderated, however,
fact that the productivity figure includes indirect and salaried as well as direct labor hours.
articularly important, since many argue (e.g. Womack et al., 1990) that while direct labor
hours may decrease with more automation, indirect labor hours often increase because of the
greater technical complexity of the equipment per se and of the overail production process.




Technology and Manufacturing Performance:
Correlations for Low-Tech and High-Tech Groupings

All Plants

Total Automation
Robotic Index (Sqrt)
TechAll variable

n

LowTech Plants
Total Automation
Robotic Index (Sqrt)
TechAll variable

n

Hi |
Total Automation
Robotic Index (Sqrt)
TechAll variable

n

Table &-4

Productivity

(hours/vehicle)

-0.68 (.000)
-0.64 (.000)
-0.66 (.000)

62

-0.58 (.0090)
-0.53 (.001)
-0.58 (.000)

31

-0.31 (.047)
-0.25 (.089)
-0.19 (.159)

3

Quality
f 1

-0.41 (.002)
-0.42 (.002)
-0.45 (.001)

46

-0.02 (.472)
-0.10 (.331)
-0.13 (.287)

22

-0.15 (.238)
-0.10 (.314)
-0.11 (.306)

24
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variable is virtually the same (and low, at around r= -0.12) for both the Low Tech and
High Tech Qroups. The Robotic Index shows a similar pattern, while the Total Automation
measure shows virtually no correlation for the Low Tech group and a modest correlation
for the High Tech group. For all three measures, these split-sample correlations with
quality are much lower than those for the whole sample. There is clearly tremendous
variability in the qualiity - technology relationship across plants, regardless of the overall
level of technology.

A look at scatterplots confirms these interpretations. The top half of Figure 5-3
shows two subsets of the scatterpiot between the Tota! Automation variable and
productivity, one for the Low Tech group described above, and the other for the High
Techgroup, while the bottom half duplicates these plots for Total Automation and Quality.
The same scatterplots using the Robotic Index as the technology measure yield similar
resuits.

While the correlation between technology and manufacturing performance is
impressively strong for the sample as a whole, this relationship is much weaker at
moderate to high levels of automation. These data challenge the conventional econcmic

wisdom and set the stage for examination of the "integration hypothesis”.

B. EXAMINING THE INTEGRATION HYPOTHESIS

Chapter 2 sets out this hypothesis about the inter-relationship between technology
and production organization. To summarize, it states that technology will contribute more
significantly to performance in a flexible production system than in a mass production
system. Under flexible production, technology strategy is integrated with a human

resource strategy and a manufacturing philosophy that supports rapid learning, incremental
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Figure 5-3
Productivity and Quality by Total Automation:
Low-Tech and High-Tech Subgroups
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process improvement, small iot production, and (potentially) high product variety. In
contrast, mass production uses technology to support the high volume production of a few
standard products, to reduce labor costs, and to minimize reliance on human capabilities.

The data analyses related to the "integration hypothesis” are organized into two
sections: the first examines the relationship between technology and manufacturing
performance for subsets of plants defined by their Production Organization score; and the
second uses the technology measures together with the ProdOrg variables in a cluster

analysis to see whether the resulting groupings reveal the expected relationships.

Technology and Performance: MassProd and FlexProd Plants

First, | examine the relationship between technology and both outcomes for
subgroups of MassProd and FlexProd plants, formed by using the midpoint for the
Production QOrganization index (50 on a scale from 0 - 100). Table 5-5 shows that the
correlation between technology and both productivity and quality is stronger in the
FlexProd subgroup than in the MassProd subgroup, regardless of which technology
measure is used. The one exception is the correlation between the Robotic Index and
qality, where the MassProd coefficient is slightly higher.* This analysis broadly supports
the integration argument about the importance of organizational context to the effective
utilization of technology. | then further subdivide the sample by using the midpoint of the
Total Autcmation scale (24%), generating four gquadrants that reflect ail possible

combinations of technology and organizationzl context.

4 This is partly a function of the impact, in the small subset of FlexProd piants, of an
unexplained farge increase in quality defects between 1988 and 1989 for the plant with the
highest Robotic Index score in the sample. Using an average quality score for this plant over those
two years, the correlation in question increases from r= -0.21 (.206) to r= -0.30 (.120).
Correlations for the other technology measures also increase with this change, to r= -0.36 (.081)
for TotAuto and to r= -0.38 (.069) for the TechAll variable.
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Table 5-5

Technology and Manufacturing Performance:
Correlations for MassProd and FlexProd Groupings

Productivity Quality
(hours/vehicle) f icl

All Plants

Total Automation -0.68 (.C00) -0.41 (.002)

Robotic Index (Sqgrt) -0.64 (.000) -0.42 (.002)

TechAll variable -0.66 (.000) -0.45 (.001)

n 62 46
MassProd Piants

Total Automation -0.61 (.000) -0.21 (.138)

Robotic Index (Sqrt) -0.51 (.000) -0.23 (.116)

TechAll variable -0.56 (.000) -0.25 (.101)

n 39 28
FlexProd Plants

Total Automation -0.71 (.000) -0.30 (.125)

Robotic Index (Sqrt) -0.63 (.002) -0.21 (.206)

TachAll variable -0.71 (.000) -0.32 (.103)

n

18

17
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Figure 5-4 shows the average productivity and quality outcomes for each quadrant.
Low Tech - MassProd plants take, on average, 42 hours to build a vehicle with a poor
quality level -- over 100 defects per 100 vehicles, while plants in the High Tech - FlexProd
quadrant have the best performance, taking only about 21 hours -- half as many hours --
to build a vehicle with superior quality performance -- an average of 49 defects per 100
vehicles. Plants in the High Tech - MassProd group perform at the intermediate level of
30 hours per vehicle and 79 defects per 100 vehicles; the very few plants in the Low Tech
- FlexProd group have the same intermediate productivity level and slightly better quality

results, at 71 defects per 100 vehicles.

Figure 5-4

Performance Averages for Technology/Organization Quadrants
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Finally, | examine the integration hypothesis for overall manufacturing performance -
- the simuitaneous achievement of high productivity and quality. Table 5-6 shows the
average values of key explanatory variables, using the four performance zones from above.

Total Automation is very low (15%) for the Low Productivity - Low Quality group,
jumps up to around 30% for the High Prod-Low Qua! and High Prod-High Qual groups, and
increases tc 36% for the "World Class” group. While the best performance is associated
with the highest automation level, the amount of technology does not, overail, significantly
differentiate among the three top performance groups.

The Production Organization index and its three component measures, in contrast,
change steadily across the four groups, with the top performing group having the highest
scores for the entire group of organizational variables. There is relatively little difference
in the production organization component scores for the Low Prod - Low Qual and High
Prod - Low Qual groups. Clearly, the much higher autornation level for the latter group
(more than double) is the primary source of productivity gain here. But the ProdOrg index
and component scores change much more in moving to the top two groups, as Total
Automation remains relatively level.

Teble 5-6

Averages for Key Variables by Overall Performance Zone
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Performance Zone Total Prod Use of Work HRM
n Auto. Qrg Buffers  Systern  Policies
Low Prod-Low Qual 18  15.7% 33.3 46.2 25.0 27.4
High Prod-Low Qual 6 31.6% 38.4 54.5 34.1 26.7
High Prod-High Qual 15 29.3% 55.8 66.5 42.6 58.2

World Ciass Prod/Qual 6 36.4%

81.8

87.4

82.6

75.6



These findings also provide support for the integration hypothesis -- that the
"organizational logic" of a flexible production system, combined with relatively high levels

of automation, yields the best overall manufacturing performance.

Technology, Qrganization and Performance: A Clyster Analysis

Here | compare the results above, which rely on the somewhat arbitrary separation
of plants into comparison groups, with a cluster analysis that groups plants based on their
similarity across a number of differentiating variables. ! build on the cluster analysis .
Chapter 4, relying on the same method choices and simply adding the two technology
measures to the set of clustering variables.

Like the ProdOrg variables, the technology variables are standardized before being
used in the ciuster analysis. As above, a Euclidean distance measure is used to form the
similarity matrix and the "average linkage within groups® cluster method is used. An
examination of the fusion coefficients at each stage of the clustering procedure reveals the
biggest gap in values after the two and three cluster solutions are reached. The three
cluster solution, for example, corresponds closely to the Low Tech - MassProd, High Tech -

MassProd, and High Tech - FlexProd quadrants in Figure 5-4 above.

But there are advantages to considering the four and five cluster solutions as well.
The four cluster solution separates out a group of Low Tech plants that corresponds
closely to the Transitional FlexProd cluster in Chapter 4. This new cluster, naturaily,
corresponds closely to the Low Tech - FlexProd quadrant from Figure 5-4 as well.

The five cluster solution further divides the High Tech - FlexProd cluster, with one
cluster containing the Japanese plants in Japan (that have both the highest levels of
automation and the highest ProdOrg scores} and the other containing the Transitional

FiexProd plants from Chapter 4 that have a relatively high level of automation (the
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Japanese transplants in North America and a few other plants).

Overall, these groupings, particularly the five-cluster solution, match up nicely with
the four cluster soiution from Chapter 4 that was based on the production organization
variables only. This can be readily seen by correlating the memberships of these different
groups of plants. | creat2 a variable that identifies the quadrant of the Total Automation
by Production Organization chart (Figure 5-4) to which a plant belongs, called QUADA4.
Table 5-7 then shows the correlations between this grouping and the cluster solutions
resuiting from the use of ProdOrg and technology variables (CLUSTEC4 and CLUSTECS),
both a high r= 0.79. Finally, Table 5-7 also shows the high correlation of CLUSORG2 and
CLUSORG4, the cluster solutions resulting from the use of ProdOrg variables only (from
Chapter 4) with CLUSTEC4 and CLUSTECS. The fact that the correlations are highest with

CLUSTECS (r=0.85) supports the decision to use this cluster soiution in all further

analyses.

Table 5-7

Correlations between Plant Groupings:
Technology/Organization Quadrants and Cluster Solutions

CLUSTEC4 LUSTE
QUAD4 (ProdOrg x TotAuto) .79 .79
CLUSORG2 .84 .85
CLUSORG4 .79 .85

Table 5-8 shows the mean differences across the CLUSTEC4 and CLUSTECS
groups for the ProdOrg index and its three component indices and for the two technology

measures. These differences are to be expected, but t- tests alsc reveal them to be highly
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significant, with the exceptior. of Use of Buffers (for which the enly signif.cant difference
is between Cluster 3 and Cluster 4), HRM Policies (between Clusters 2 and 3 and Clusters
4a and 4b), and the Robotic Index (between Clusters 4a and 4b).

Table 5-9, then, shows mean differences for the key variables not used to form the
clusters -- both performarnice measures and other independent variables. Most noteworthy
is the similarity to the performance outcomes in Figure 5-4, with the Low Tech - MassProd
cluster reporting nearly twice as many hours per vehicle as the High Tech - FlexProd
cluster, and the two off-diagonal clusters (High Tech - MassProd and Low Tech-FlexProd)
reporting the same intermediate productivity level.

Thus the cluster analysis also supports the integration hypothesis. It derives the
clusters of plants so that the average distance among plarits in each cluster is minimized
for all the ProdOrg variabies and both the technology measures. The resuiting five-cluster
solution reveals systematic and statisticaliy significant performance differences across
groups of plants that are distinct from one other (and internally homogeneous) in the way
they combine technology and production organization. These differences are nearly
identical to those resulting from a somewhat arbitrary groupings of plants into quadrants
divided by the midpoint of the ProdOrg and Total Automation scales.

While these results are quite clearcut and convincing, they emerge from analyses
that do not control for other factors that may well affect manufacturing performance, such
as scale, complexity, and design age. In Chapter 6, | turn to a full muitivariate analysis of
manufacturing performance, in which the arganizational and techrological factors that have
been emphasized so far will be supplemented by these other impertant independent
variables. This will reveal whether the integration hypothesis continues to be supported

when a fuller set of explanatory variables is considered.
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Table 5-8

Validation of Group Average Cluster Solutions:
Mean Differences for PrcdOrg and Technology Across Clusters

index Ci
ProaOrg 29.9
Use of Buffers 41.2 +
Work System 27.9 *
HRM Policies 20.7
TotAuto 8.4%
Robotic Index 0.37
n of cases 18

50.6 +

20.3

41.0 +

33.7%

3.04

20

54.7

25.1%

0.88

All cluster mean differences are significant at p < .05

unless marked: * = p <.10; or + = not significant.

C1 = Low Tech - MassProd
C2 = High Tech - MassProd
C3 = Low Tech - FlexProd
C4 = High Tech - FlexProd

C4a
C4b

High Tech - Transitional FlexProd
High Tech - Japan FiexProd

C4a Cla
75.2 66.5
82.3 77.8 +
69.4 48.5
73.8 73.3 +
34.5% 29.5%
3.90 3.47 +
13 6
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82.6

86.1

87.3

74.3

387%%

4.77



155
Table 5-9

Walidation of Group Average Cluster Solutions:
Mean Differences for Other Key Variables Across Clusters

Variabl (o} L2 C3 C4 Cda Gab
Productivity 41.6 310 + 303 * 218 26.4 17.9
Quality 103.3 78.2 * 543 + 57.7 62.2 + 53.9
Product Age 7.8 4.2 + 45 * 2.6 3.1 + 2.1
Model Mix 35.2 + 24.6 + 27.7 + 36.8 255 + 485
Parts Complex 524 + 560 + 649 + 57.9 42.2 71.3
Scale 5635.9 1103.5 + 1105.6 + 1181.8 923.2 + 1403.6
n of cases 18 20 5 13 6 7

All cluster mean differences are significant at p < .05
unless merked: * = p <.10 or + = not significar..

C1 = Low Tech - MassProd
C2 = High Tech - MassProd
C3 = Low Tech - FiexProd
C4 = High Tech - FiexProd

C4a = High Tech - Transitional FlexProd
C4b = High Tech - Japan FlexProd
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CHAPTER 6

A MULTIVARIATE ANALYSIS OF MANUFACTURING PERFORMANCE

This chapter will present a multivariate analysis of manufacturing performance,
including the production organization and technology variables highlighted in Chapters 4
and 5 as well as several key control variables related to plant scale, product complexity,
and product design.’

| continue here with the parallel analyses begun in previous chapters, carrying out
one set of multiple regression analyses that uses the separate, continuous measures of
production organization and technology and another set that uses the clusters derived from
these variables.

| also examine some alternative hypotheses about manufacturing performance and
test the stability of the regression resuits by using dummy variables signifying location in

Japan, Japanese management, and location in a low-wage country.

A. EXPLAINING MANUFACTURING PERFORMANCE

ntr iabl
While past chapters have focused on production organization and technology, there
are many other factors that can affect manufacturing performance. Chapter 3 describes

four such variables, functioning primarily as control variables for these analyses:

! Because of the large number of statistical analyses in this chapter, all tables have been

placed at the end of the chapter, pages 191 - 209.



1) Plant Scale -- average daily production volume, with shifts of standardized
length, excluding overtime;

2) Miodei Mix Complexity -- an index of product variety, based on the number of
different platforms, body styles, and mode!s built at each plant, adjusted by the
number of different assembly lines and distinct body shops;

3) Parts Complexity -- an index of the variety of parts and parts combinations that

must be coordinated by each plant, based on the number of main body wire

harnesses, exterior paint colors, engine/transmission combinations, number of
assembly area parts, percentage of assembly area parts common to all products,
and number of suppliers to the assembly area;

4) Product Design Age -- the weighted average number of years since a major

model changed for each of the products built at a plant.

Table 6-1 shows means and standard deviations of these variables, both for the
whole sample and by regional grouping. The two complexity indices are placed on a scale
from © to 100, where O is the plant with lowest complexity and 100 the plant with highest
complexity in the sample. Plant Scale and Product Design Age are reported in units and
years, respectively, without any scaling adjustment.

Model Mix Complexity is positively skewed, with over 80% of the sample having
a score below 50, the midpoint of the scale. Three plants, with scores ranging from 85
to 100 (1 in Japan, two in New Entrant countries), have extremely high complexity
compared with the rest of the sample, around 3 standard deviations from the mean. For
example, the Japanese plant, with a score of 33, makes a 4-door sedan, a 5-door sedan,
a 5-door minivan, and a 3-door sports car, all on a single assembly iine. In contrast,
another Japanese plant, with the lowest score in the sample (0), makes only a single 3-
door hatchback.

Parts Complexity is more evenly distributed. The plant with the least Parts

Compiexity in the sample (a Japanese plant in North America) is the only one whose score

(4.4) is more than 2 standard deviations from the mean. Products in this plant use only
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7 different exterior colors, less than 5 wire harnesses, less than 10 engine types, and less
than 20 engine/ transmission combinations. In contrast, products in the plant with the
highest Parts Complexity score of 91 (in Europe) use 18 exterior colors, over 50 wire
harnesses, over 50 engine types, and over 500 engine/transmission combinations.

The range for Plant Scale in the sample is enormous, from a low of 135 vehicles
per day to a high of 3680 vehicles per day. Conventional wisdom in the U.S. auto industry
would set the optimal plant voiume, in terms of economies of scale, at 250,000 vehicles
per year, or 1,000 vehicles per day (assuming a two week annual shutdown for model
change). The sample average of 304 vehicles per day is quite close to this level, and just
over one-third of the sample has daily volume in the range of 800 to 1200 (or, in annual
figures, 200,000 to 300,000). Yet ther (e sizeable numbers of plants at either end of
the scale distribution -- 45% below 800 vehicles ner day and 21% above 1200 vehicles
per day.

The largest plant, in terms of scale, in the sample is a European plant that is a
substantial outlier in the univariate distribution, at 4.4 standard deviations above the mean.
This outlying plant poses some problems for the regression analysis, as will be discussed
below. The next largest plant (in Japan), at 2800 vehicles per day, remains within the
normal distribution, at just under 3 S.D.s above the mean.

Finally, Product Design Age ranges from 0.7 years to 15 years, in a distribution
with a strong positive skew. 89% of the plants have a design age of less than 8 years,
and the remaining plants are eveniy scattered between 9.5 and 15 years. The plant with
the oldest average product design age, in Mexico, is still within the normal distribution, at
2.8 S.D.s above the mean.

Correlations among these variables will be included below in the discussion of the

regression analysis.
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The first question to address in explaining high performance manufacturing is the
most appropriate model of interrelationships among the dependent variables and the
independent ariables. A good starting place in this case is the Cobb-Dougias production
funcuon that specifies the precise nature of the relationship between labor and capital
inputs.

Cobb-Douglas is commonly applied to real-world production settings, for both
conceptual and methodological reasons. Conceptualiy, this function assumes there is some
substitutability of labor and capital, i.e. that different mixes of labor and capital (but neither
factor exclusively) can achieve the same output quantity. This fits the assembly plant
setting weli.

It also assumes a constant elasticity of substitution, independent of scale, i.e. that
the rate at which capitai can be substituted for labor (gnd vice-versa) is constant at all
levels of production. This allows the same production function to be applied across a
sample regardless of the scale of production -- a valuable property given the range of
production scale in the assembly plant sample.

The most significant advantage conceptually is that the simple Cobb-Douglas
function is often supplemented to include factors that affect how capital and labor inputs
are used. The constarit elasticity of substitution (CES) model of Arrow, Chenery, Minhas,
and Solow (1961) (of which Cobb-Douglas is a specific case, under the substitutability
assumption described above) includes an "efficiency™ parameter that affects both inputs.
Alternately, when technical progress is being considered, a "technological innovation”
parameter (typically represented as a function of time) is added to the Cobb-Douglas

specification (e.g. Solow, 1957). Both of these parameters are used in ways similar to my
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treatment of the Production Organization variable -- as a factor that enhances or constrains
how effectively both labor inputs and capital inputs are utilized.?

In terms of methodological advantages, Cobb-Douglas is an equation that is
"intrinsically linear™ (Neter, Wasserman, and Kutner, 1983) because, although its
parameters are not linear, it can be easily converted, through a logarithmic transformation,
to a linear form. Furthermore, in its log form, the coefficients reveal the elasticities of the
inputs, i.e. the percentage change in the dependent variable (output) that results from a
fixed percentage change in the independent variables (labor and capital inputs).

The Cobb-Douglas production function takes the exponential form of

Q = be*K**L"

where Q is output, K is capital input (investment) and L is labor input (hours). The
relationship among the variables is multiplicative rather than additive, in accordance with
the substitutability assumption, i.e. coefficients for both capital and labor inputs must have
some positive value for output to be positive. o

To incorporate the conceptualization of production organization context used here,

a parameter (labeled ‘E’ for 'effectiveness’) can be added that affects both the use of labor

and the use of capital:

Q = E"[bo K" *L"]

2 There is also a considerable industrial relations literature on factors that affect the
contribution of labor in the production function, but not capital. These include studies of effects
of unionization on productivity (e.g. Brown and Medoff, 1978; Ciark, 1984; ichniowski, 1984) and
of the effects of human resource policies on productivity (Ichniowski, 1990).
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Dividing both sides by L to get labor productivity {cutput per labor hour) as the

dependent variable yields the equation:
Q/L = be[booKtamer‘I}

The productivity methodology used in this research generates labor productivity in
the form of hours per vehicle, or hours per unit of output (L/Q) -- the inverse of the
customary measure. Thus positive effects of the independent variables on labor
productivity will have a negative coefficient, e.g. more automation would yield fewer hours
per vehicle. Taking the inverse of the previous equation produces the dependent variable

in this form:

L/Q = 1/(E™[by*K>#L> "))

Taking the log, this equation becomes:

log (L/Q) = -log b, - by*log E - b,*log K - (b,-1)*log L

Finally, with variable names inserted, this equation is:

log LaborProd = -log b, -b;*log ProdOrg -b,*log TotAuto -(b,-1) *logLaborHrs



Several issues must be addressed before the regression aquation can be finalized.
The first issue is how to specify quality in the regression equation for that outcome. For
consistency in treatment of the outcome variables, and with no clear theoretical basis for
deciding, | will also apply a log transformation to Quality.

Second, the Total Automation variable is different from conventional measures of
capital input. It is not, strictly speaking, a proxy for capitai investment in its entirety, but
encompasses only the tool and equipment stock of a plant -- and even then in terms of
percentage of assembly steps that are automated rather than capital expenditures.
However, since the investment in these tools represents the portion of capital spending
that most affects the productivity of labor, it is far preferable to a more comprehensive
investment measure that has little bearing on shop floor activities.

Furthermore, firm-level studies of capital and labor productivity in the auto industry,
using conventional measures of capital stock, have found tremendous variation in labor
hours per vehicle across American and Japanese companies but nearly equivalent levels
of capital stock per vehicle (Cusamanc, 1985; Lieberman, 1989). This also supports the

‘use'of a automation proxy for capital that is more likely, at the plant level of analysis, to
have a direct effect on labor productivity.

Third, this equation includes labor hours as an independent variable. This variable
was not part of the production systern mode! outlined in Chapter 3. This is because | have
chosen to use production scale as an independent variable, in order to investigate
hypotheses about economies of scale. Labor hours and production scale are highly
correlated (r=.85 for this sample), so that it makes no sense to include both variables in

the regression equation. Thus, for theoretical reasons, | choose to substitute production
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scale for labor hours.?

This raises a fourth issue, of how to specify Scale in the equation. While there is
nc clear conceptual basis for deciding, there is a methodological consideration. As
mentioned above, one plant is a substantial outlier in terms of scale. Early examination of
residuals revealed that this piant was regularly identified as a Mahalanobiz {multivariate)
outlier. The log transformation of Labor Productivity, based on Cobb-Douglas, also served
the useful empirical function of "pulling in" the distiibution and eliminating the one outlier
for that variable. Applying a log transformation to Scale is equally valuable, since it
eliminates the outlier.*

The final issue is how to specify the other variables in the regression equation. One
appropriate questior: is to ask where cne might expect a variable to have a multiplicative
relationship with other variables, as opposed to an additive relationship. The integration
hypothesis discussed in Chapter 5 implicitiy specifies a multiplicative relationship between
production organization and technology, with respect to manufaciuring performance, by

claiming there is an interaction effect from the combination of a flexible production system

3 This substitution has virtually no impact on regression results. Regressions on both

productivity and quality for the primary variables, one using Log Labor Hours and the other using
Log Scale, have identical adjusted R’s and F-statistics ana very similar coefficients. The primary
difference between the two preductivity regressions is that the coefficient for Total Automation
is higher -- no doubt because the correiation between automation and scale (r=.63) is considerably
higher than the correlation between automation and labor hours (r=.34). In the quality
regressions, however, the Total Automation coefficients are unchanged.

Indeed, without Scale in the regression equation, the effect of Total Automation on
productivity may be overstated, because the technology variable captures all scale effects. So
another advantage of including Scale, besides the ability to examine hypotheses about economies
of scale, is that the technology variable may be more accurately specified.

‘ Outliers violate key regression assumptions of linearity and constant variance of error

terms. Various writings on outliers (Neter et al., 1983; Cook and Weisberg, 1982; Belsley, Kuh,
and Weisch, 1980; Barnett and Lewis, 1978) suggest either deletion or transformation for dealing
with cutliers. Given the small sample size, deletion is to be avoided if possible. So the log
transformations have both theoretical anc empirical value.



with high levels of automation. This supports the decision, above, to apply a log
transformation to the ProdOrg index.

With the product measures (Model Mix Complexity, Parts Complexity, and Product
Design Age), it is less clear what relationship is expected. To assume a multiplicative
relationship here would be say that the effect of integrating production organization and
technology will only hold when a particular complexity level or design age exists. With no
theoretical basis for such a claim, it seems best to treat all the product-related variables
the same way -- i.e. to ieave them untransformed.

With all of these choices taken into account, the full regression equation used in
this chapter will include a log transformation of Labor Productivity (LProd), Quality {LQual),
Total Automation (LTotAuto), Production Organization (LProdOrg), and Production Scale
{LScale) but not of Model Mix Complexity (Mix), Parts Complexity (Parts), or Product

Design Age (AgeCar}.

Regression Equations: A Multi- e Approach

The regression analysis has two main purposes. The first is prediction of
manufacturing performance by the set of independent variables. The second is
understanding the relative role of individual variables in contributing to the variation in
performance outcomes. These can be best achieved through a multi-stage, hierarchical
regression procedure, in which blocks of variables are added in logical sequence until the
full variable set is reached. Thus both the full modei and intermediate stages can be
evaluated.

Accordingly, the LScale and LTotauto variables -- both of which reflect technical
characteristics of the plant -- will be entered together as the first biock of variables. Next,

the LProdorg variable, which reflects a "bundle” of organizational characteristics, will be
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added, to see what coniribution this "effectiveness” parameter makes to the prediction of
performance. Finally, the product variables (Mix, Parts, and AgeCar) will be entered as a
group.

The integration hypothesis will also be explored in more detail by including some
alternative specifications of the technology and production organization variables. First,
to capture the weaker relationship between technology level and performance for HighTech
plants, | will substitute for the continuous TotAuto index a set of durnmy variables
indicating the quartile of the TotAuto distribution into which a plant falls. Only three
dummy variables will be used (AutoDum1-3), with the top quartile of the most automated
plants kept as the reference category. This equation will therefore test for statistically
significant differences in performance for each technology quartile in comparison to the
most automated piants, when all other variables are held constant.

Then, | will use dummy variables representing the five cluster groups identified in
Chapter 5 (CiusTec1-5) in place of the TotAuto and ProdOrg indices. Here the High
Tech/FlexProd-Japan plants (n=7) will serve as the reference group for which there is no
dummy variable. This equation will test for statistically significant differences in
performance for each of the technology-organization clusters in comparison with the most
advanced FlexProd plants in the world, when all other variables are held constant.

Thus, ! will use the following sequence of regression equations:

1. Regressing LScale and LTotauto on LProd (or LQual)

2. Same variables as #1, adding LProdOrg as an IV

3. Same variables as #2, adding Mix, Parts, and AgeCar as IVs

4. Same variables as #3, substituting automation dummies for LTotAuto

5. Same variables as #3, substituting cluster group dummies for LTotAuto and
LProdOrg
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Table 6-2 provides descriptive statistics and Table 6-3 shows the correlation matrix
for all varizbles included in these regression analyses. While some of the correlations
among the Vs are relatively high, none are high enough to pose serious risks of

multicollir.earity. (Gujarati, 1978)

ression Analysis for Pr ivi

Table 6-4 summarizes the regression results for LProd. The regression equations
are identified by number. For each equation, the adjusted R-squared value, the F-value,
and the sample size are given. For each variable, standardized coefficients (beta) and T-
values are given. Significance levels for both T-values and F-values are marked by asterisk.

Equation 1 has an adjusted R’ of 45.1%. The LTotAuto variabie is highly significant
while the LScale variable is not. The fact that LScale is not significant is due, in part, tc
the very high correlation between it and LTotAuto (r = .635).® The addition of LProdOrg
{Eq. 2) boosts the adjusted R’ to 58.3%, with both the technology and organizational
variables having similarly high beta coefficients and significance levels and scale remaining
aisignificant.

Finally, the addition of the product variables (Eq. 3) increases the adjusted R’ still
further, to 63.4%. Now LProdOrg has the highest significance level, with a T-value of -
3.1, but LTotAuto (-2.5) and Parts Complexity i-2.2) are both statistically significant, and
AgeCar (-1.9) and LScale (-1.6) are nearly so. The beta coefficients give nearly equal
weight to LTotAuto (-.33) and LProdOrg {-.32), followed by Parts Complexity (.25), AgeCar
(.20}, and LScale (-.21). For all three equations, all variables have the expected sign, with

the exception of Model Mix Complexity, which has a negative coefficient but is not

& Overall, however, the effect of scaie is not as great as might be expected from economy
of scale arguments. In a regression on LProd with LScale as the only independent variable, the
R?is only 15.1%.
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statistically significant.

When the automation dummy variables sre entered in piace of LTotAuto (Eq. 4),
the other variables remain relatively unchanged and the adjusted R dips slightly in response
to the additional degrees of freedom used. But the automation dummies do reveal that the
integration hypothesis holds even when control variables are present. The dummy for the
quartile of plants with the iowest automation is stetistically significant, with a beta
coefficient of .38 and a T-value of 2.3.° Knowing a plant is in this group is a reliable
predictor of its (poor) productivity relative to the quartile of the most automated plants.

The dummy variables for the second and third quartiles are not statistically
significant. They do have positive beta coefficients (.139 and .143 respectively), meaning
that, on average, they do take more hours per vehicle than plants in the top automation
quartiie. But these coefficients are not significant because the standard errar is so high.
There is too much variability in productivity for plants at these moderate-to-high
automation leveis for a statistically significant effect to be found. The continued high
significance of the LProdOrg index, when controiling for level of technology and other
variables, further bears out the integration hypothesis in this analysis.

Finally, Equation 5, which uses the cluster groupings developed in Chapter 5, has
the highest adjusted R’ of ali, at 66.8%. All of the dummy variables identifying the
clusters are highly statistically significant, meaning that their productivity differs
significantly from the reference group of FlexProd plants in Japan. Surprisingly, other
variables having low or marginal statistical significance in the other equations are
significant here, including Parts Complexity with a T-value of 3.7, LScale (-3.5), and

AgeCar (2.4). Only Model Mix Complexity is not statistically significant in this equation.

¢ The cign of this coefficient is positive because plants in this quartile have more hours per car
(better productivity) than plants in the referencs category.



This raises the question of the unique contribution of different variables in each
equation. While the beta coefficients provide somie idea of the relative contribution of
different variables, they are strongly affected by what other variables are in the equation
and by cheir intercorrelations. Since the intercorrelations are quite high for this variable
set, it is valuable to find alternative ways to assess individual variables.

Norusis {1988) describes such an alternative, as follows:

Another way of assessing the relative importance of independent variables is to

considar the increase in R’ when a variable is entered into an equation that already

contains the other independent variables. A large change in R’ indicates that &
variable provides unique information about the dependent variable not available
from the other independent variables in the equation.

The sigred square root of the increase is called the part correlation coefficient. it

is the correlation between the dependent variable Y and an independent variable X

when the linear effects of the other independent variables have been removed from

X.

Thus the unique centribution of each independent variable to R’ is calcuiated by
squaring the part corrclation coefficient. Then the shared variance resulting from
intercorreiations among independent variables is calculated by summing the unique
variance for all variables and subtracting this total from unadjusted R’. (Tabachnick and
Fidell, 1989) Tabie 6-5 presents these data for the same set of regression equations found
in Tatle 6-4.

The unique contribution of any single variable is still heavily dependent on what
other variables are in the equation. This is most clearly the case for LScale, which makes
no indeper.dent contribution at all in Equations 1 and 2 (where its effect is totally
suppressed by LTotAuto) but contributes around 2% in Equations 3 and 4 and 7.3% in
Equation 5 when other variables are included. For most other variables, their unique

contribution shrinks as other variables, with which they are intercorrelated, enter the

equaticn. This can be seen clearly in the increasing percentage of shared variance among
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IVs in moving from Equation 1 to Equation 3, from 18.8% to 48.9%.

Finding such a high percentage of shared variance provides support for the
"configurational” perspective used here. These variables do covary tegether, and
substantially so, at the production system level. The only problem is that it is difficult to
interpret the coefficients of individual variables. Do LScale and AgeCar really have no
statistically significant effect on productivity, as suggested by Equation 3, or is their effect
suppiessed by other variables with which they covary?

Equation 5 has the advantage of a very low shared variance (7.0%) (and,
consequently, a very high total unique variance of 71.6%). Because cluster membership
is not so highly correlated with the other vanables in the equation’, we find high unique
contributions from not only all the cluster variables but also most of the control variables.

From this equation, we can conclude that LScale, Parts Complexity, and AgeCar
are all valuable explanatory variables for >roductivity. It is equally clear, then, that Mode!
Mix Complexity, which does not approach statistical significance in any of these equations,

has virtually no relationship with productivity, contrary to expectations.

Regression Analysis for Quality

Tables 6-6 and 6-7 show results for the same set of equations with Log Quaiity as
the dependent variable. With no clear theoretical reason to specify the relationship
between depzndent and independent variables differently for quality and productivity, the

same transformations are used in these equations: log transformations of Quality, Scale,

? Correlations of the cluster variables with Model Mix Complexity range fror -.09 to -.23; with
Parts Complexity, from  -.21 to .12; with Scale, from -.52 (with Cluster 1) 10 .27; and with
Product Design Age, frorn -.18 to .49 (with Cluster 1). Only two of these sixteen correiations are
higher than .27.
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Total Automation, and the ProdOrg index, and no transformations for the product
variables.® Note as well that the sample size for the quality analysis is much smaller -- a
total of 44 plants, compared with 56 for productivity.

It is immediately apparent from Table 6-6 that the independent variables in these
equations do not predict quality as well as productivity, for the adjusted R’ is considerably,
and consistently, lower. Particularly noteworthy is the much weaker power of LTotAuto
as an explanatory variable for quality, as anticipated by the correlations in Chapter 5.

While LTotAuto is statistically significant in Equation 1, the beta coefficient of -.37
is much weaker than in the same equation for productivity (-.69). Then, in the other
equations, the beta coefficient for LTctAute drops to the vicinity of -.10 and is no longer
statistically significant; this is true even when the dummy variables for TotAuto are used.

With LTotAuto contributing so little, the adjusted R’ for equation 1 isalow 10.5%.
When LProdOrg is added in equation 2, there is a substzantial jump in adjusted R’ to 37.7%.
it is strongly significant, with a beta coefficient of -.59 and a T-value of -4.3, and remainrs
s0 in equations 3 and 4. The product variables, in contrast, are not statistically significant
when added in equation 3. In fact, the adjusted R' drops to 35.2% because of the
reduction in degrees of freedom from adding these variables. In Equation 4, the dummy
variables for TotAuto capture the very different links to quality at different automation
levels better than the continuous measure and the adjusted R’ increases modestly to
39.1%.

Finally, in equation 5, two of the four cluster dummy variables (Loew Tech -
MassProd and High Tech - MassProd) are statistically significant but two are nut, and no

other variables are significant. Thus the defects per vehicle are substantially higher for

* As with productivity, the log transformation of quality has the vaiuable empirical

consequence of making the distribution cioser to normal by pulling in the two plants that were near
outliers.
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both the MassProd clusters than for the cluster of plants in .Japan, regardless of
automation level, as we would expect after seeing the relative contribution of the
continuous technology and organization measures.

But the regression finds no significant differences in defects pe: vehicle between
either of the Transitional FiexProd clusters and the cluster of plants in Japan, thereby
confirming the comparison of quality means across clusters in Chapter 5. The adjusted R’
for this equation drops to 28.3%.

Table 6-7 shows the shared and unique variance for each equation. Unlike the

productivity equations, the shared variance is not high here, and the dominant effect of the

LProdOrg variable is apparent.

The regression resuits for manufacturing performance raise a question about the
integration hypothesis, since clearly the relative contribution of technology and production
organization is different for quality than for productivity. Comparing the unique variance
contributed by these two variables for productivity and quality is somewhat misleading
given the high shared variance in the productivity equations. An alternative is {0 examine
the effect size through the unstandardized coefficients.

In Equation 2, which includes LTotAuto, LProdOrg, and LScale as IVs, the fact that
all variabies are in log form makes it possible to interpret the unstandardized coefficients
in terms of elfastliciti_es. or rates of change.® For example, for LProductivity, the

unstandardized coefficients for LTotAuto, LProdOrg, and LScale are -1.6, -.34, and -.002

* The unstandardized coefficients in Equations 3-5 cannot be easily interpreted in this way,
because they combine untransformed, logged, and dichotomous dummy variables. But Equation
2 at i ast allows an assessment of the two primary variables emgphasized in this data analysis:
technoiogy and production organization.



respectively. From this, we know that a 10% increase in TotAuto (the percentage of
direct production steps that are automated) is, on average, associated with a 16%
reduction in labor hours per vehicle. Similarly, a 10% increase in the ProdOrg score {on
the scale from O to 100) is, on average, associated with a 3.4% reduction in hours per
vehicle. The scale coefficient is very small, with a comparatively high standard error, s0
it is not statistically significant, making any calculation of effect size un:eliable.

For quality, in contrast, the unstandardized cosfficients for LTotAuto, LProdOrg,
and LScale are -.39, -.48, and -.004 respectively. Thus, while a 10% increase in TotAuto
brings about a 16% decrease in hours per car, it only resuits in a 3.9% decrease in defects
per car (although this latter coefficient is not very reliable}. Conversely, a 10 percent
increase in the ProdOrg score yields a greater impact on quality than on productivity -- a
4.8% decrease in defects per vehicie vs. a 3.4% decrease in hours per vehicle -- a result
that is bolstered by the fact that these LProdOrg coefficients are statistically significant in
both the productivity and quality equations.

These results make it difficult to ciaim that the integraticn hypothesis holds for
quality in quite the same way as it does for productivity. High quality is strongly related
to the bundle of manufacturing practices, work organizaticn, and human resource policies
found in a plant, and quite unrelated to automation level. Thus FlexProd plants appear .0
have a clear advantage over MassProd plants with respect to guality -- regardless of their

level of automation.

Observations _about Product Varigty
The analysis so far has, appropriately, focused on explaining productivity and
quality outcomes. But there is another outcome of interest -- product variety. While | have

emphasized the “flexible process” aspects of flexible production systems, one would
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expect to find "flexible products”, i.e. high product variety, in these systems as weil.
While this research was not designed to address the factors affecting product variety, the
data do suggest a few observations.

The Model Mix Complexity (Mix) variable is treated, in the regressisns above, as
an independent variable affecting productivity and quality. But it can also serve as a proxy
for product variety, since it is an index based on number of different platforms, models,
and body styles built at a plant.

As shown above, Model Mix Complexity is not a statistically significant factor for
either productivity or quality. Interpreted in terms of product variety, this means that there
is no consistent relationship between the number of different products a plant makes and
its manufacturing performance, when all other variables are held constant.

Furthermore, the correlation between Production Organization (ProdOrg) and
Product Variety (ProdVar) is nearly zero (r = .07). Thus MassProd plants do riot
necessarily have low product variety, and FlexProd plants do not necessarily have high
product variety. This raises an important question: How can we speak of “flexible
production” if it does not yield "flexible products”?

One clue lies in an examination of the scatterplot of ProdOrg by ProdVar. {Figure
6-1) Ameng ine FlexProd plants (those with scores greater than 67) are the plant with the
most product variety aid the plant with the Jeast product varisty, with a broad range in
between.

This suggests an important shift in how we think of flexibility. Rather than
equating fiexible production with high product variety (as Piore and Sabei (1984}, for
example, do implicitly), it may be more appropriate to associate it with the ability to choose
whather to make a large number of products or a small number of products. A "flaxibie

production® firm or piant could make this choice based on product strategy or markst
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conditions at a certain point in time.'°

Another implication is that product variety and nther forms of complexity may be
handled very differently under mass production and flexible production. Under mass
production, complexity of any kind, whether in the product mix or number of different
parts, may impair performance, since the system is organized tc optimize performance with
low complexity. Under flexible production, one important rationale for the deveiopment
of flexible organizationa! capabilities may be the ability to absorb additional complexity,

when necessary or desirable, without any performance penalty.

Summary

In summary, this multivariate analysis upholds results for the integration hypothesis,
especially for productivity. For quality, it appears that the ProdOrg index on its own is a
more significant predictor of performance, since the link between technolegy and quality
is very weak. The control variables are intermittently significant for productivity, although
Model Mix Complexity is not significant in any of these equations. None of the control
variables help predict quality. All told, the results found in Chapter & are essentially
unchanged when the set of control variables is. added to the analysis.

Finally, there is virtually no coirelation between Production Organization and
Product Variety, chat'enging the use of "high product variety” as the defining criterion for

flexibility, and supporting the view that flexibility is an organizational characteristic.

° A manager at one of the Japanese transplants in North America -- the plant with the lowest
product variety in the sample -- made a similar point when | asked why the plant was so "flexible”
in terms of technology and production organization, when it was only making one 3-door model
of a single product. His response was, “We must be flexible enough to build a single product.”
| interpret this as a statement about flexibility as the capability tu respond to a wide variety of
changing external conditions, as well as to carry out a particular product strategy. This piant is
clearly capable of adding greater product variety at any time -- and, over time, it will almost
certainly do so.



B. TESTING ALTERNATIVE EXPLANATIONS

The regression analyses reported above broadly support the findings of Chapters
4 and 5 with respect to production organization and technology while adding other
variables as controls, and also shed light on the relative contribution of the control
variables te prcductivity and quality. But these results, while strong, must be evaluated
in comparison with alternative explanations to be convincing.

There are two questions to address in evaluating the results so far: 1) Is there a
simpler expianation for performance differences? and 2) Is there a more complete (and
more complex) explanation?

The answer to the latter question is clearly "yes”, since there are many variables
that potentially affect assembly plant performance that are not included in this study. The
effect of such omitted variables might be partially captured if they are highly correlated
with variables that are included. Or such variables might, if included, help reduce the
unexplained variance in performance results.

Two factors that almost certainly affect assembly plant performance and are
inadequatzly covered by this study are suppliér relations and design manufacturability.
Assemblyv plant quality can be no better than the quality of supplied parts (although it can
certainly be worse). Poor quality parts that are difficult to instal! or require repair can
obvioucly affect productivity as well. Similarly, products that are poorly designed, so that
parts don’t fit together well, or that have a very complex design, with many parts to be
handled and difficult assembly operations, can affect quality and productivity.

Both of these factors can be viewed simply as inputs to the assembly piant -- the
quality of incoming parts, the simplicity of the design. But they can also be viewed from

an organizational perspective, simila: to the one applied here to the assembly plant. The
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impact of suppliers goes well beyond what emerges from their factories. The assembier-
supplier relationship has a tremendous impact on the assembler’s ability 10 reduce
inventories, change products or part specifications quickly, and scive persistent product
and/or process problems.

Similarly, designs that are easy to assemble are just one outcome of a close
working relationship between design and manufacturing functions. This relationship also
affects the speed of product development, the pace of continuous improvement efforts,
and the effectiveness with which new design technologies can be utilized. | plan future
work on both of these factors, examining the structures and processes that underlie
assembler-supplier and design-manufacturing relationships.

In the Assembly Plant Study, only the Use of Buffers variable touches on the
aspects of supplier relations mentioned above. In addition, the Product Design Age
measure serves as a partial proxy for design-for-manufacturability. But beyond this, these
important variables are currently underrepresented and cannot be adequately examined.

Thus, there clearly are more complete and complex explanations. But are there
simpler ones? A simple explanation would be one that applies at a broader, more
aggregated level of analysis than the assembly plant, and which thereby subsumes the
variabies considered here -- for example, a company or national levei.

It would be intriguing to explore these data for a company-level effect, since there
is good reason to believe that the commitment to a particular “organizational logic” is
primarily the result of corporate decisions, with marginal lccal adaptation. However, such
an analysis is impossible, for with a sample of 56 plants, variables for the 16 different
companies represented would reduce degrees of freedom too much for meaningful
analysis.

A national-leve! explanation can be investigated more easily. Such comparisons
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(such as the regional averages for different variables listed above) have an appealing “box
score” quality and they coincide with the categories many of us use in thinking about
issues of international competitiveness. But they are problematic when the task is
explanation. for they presume that certain national characteristics (from macroeconormic
policy to natural resource endow:m.ants to physical geography to the catchall of "cuiture”)
zre universally and uniformly distributed, and logically orior from a causal point of view.

Three such national-level variables will be tested here. Two relate to Japan, and
examine the degree to which high manufacturing performance can be explained by a
plant’s location in Japan, or by its operation under Japanese management. The third
relates to wage levels, and examines the degree to which poor manufacturing performance
can be explained by location in a low-wage country, where the automation levels,
education/skill levels, and the incentives to increase labor productivity are all likely to be
lcw. The question in all cases is whether these dummy variables can explain performance

differences in this samgle better than the variables already included.

- | ion

National-level explanations are common with respect to Japan. Much of the writing
about the Japanese economy and Japanese management techniques over the years has
emphasized the unique and culturally-determined characteristics associated with the
startling growth and economic strength of Japan in the post-war years.

In contrast to such a "culturalist™ view, i have argued in Chapters 2 and 4 that the
innovations of flexible production originated in Japan, in unigue historical, economic, and
cultural circurnstances, and that flexible production systems are thereby most developed
and firmly established in that country. Yet the “organizational logic” of fiexible production

constitutes a set of structural arrangernents, | argue, that is not linked to any particular
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cultura! or sconomic context -- 8 "structuralist” perspective.

A pure “culturalist® challenge would argue that the regression resuits described
above are best explained by whether or not a plant is located in Japan -- that the structural
argument is wrong and that flexible production systems are wholly dependent on Japanese
cultural norms governing exchange relationships of ail kinds, from contractual relations
with suppliers to employment relations with employees, or various other aspects of the
Japanese political economy. | will cali this the "strong culturalist” position.

Another "cuituralist™ explanation challenging the structuralist argument is more
subtle and not inconsistent with the argument of transferability. Flexible production
systems are certainly diffusing, this argument would go, but only Japanese managers really
know how to make them work. Thus Japanese management is the prior condition needed
to make the policies and practices of flexible production effective. In the absence of
Japanese management, attempts to transfer flexible production systems will fail. This is
a weaker argument because it accepts that ail gther factors that support flexible production
are independent of national culture. | will therefore call this thie "waak culturalist™ position.

There is a diffusion issue at stake here as weil. The strong culturalist position
would argue that diffusion is impossible, while the "pure” structuralist position would see
few impediments to diffusion. The weak culturalist position, on the other hand, implies
that some cultural "stickiness” may slow the diffusion process, but not prevent it. The
rate of diffusion thus becomes a critical issue, but one which carinot be addressed with the
cross-sectional data available here. Future administrations of the Assembly Plant survey

will allow this issue tc be investigated.

Culturalist vs. Structuralist Explanations: A Japan Effect? The culturalist (strong

and weak) and structuralist explanations will be tested by including dummy variables for

179



180

Japan Location and Japanese Management in the regression equations used in earlier
analyses. These dummy variables are highly cc-related with the ProdOrg index that
measures the extent to which MassProd or FlexProd policies and practices are used. But
since the FlexProd characteristics that are measured are not particularistic with regard to
national culture, this correlation is not conceptually problematic."' The relevant question
here is whether the Japan-related dummy variables are statistically significant factors for
manufacturing performance even when the non-particularistic indicators of production
organization are held constant.

Statistically, including the dummy variable preserves the relationship among key
variables but allows a different regression line to be fitted, e.g. for plants located in Japan,
paralle! to (i.e. v:ith the same slope) the regression line for plants not located in Japan but
with a different intercept. In other words, this approach assumes that the relationship
between Vs, for example, technology level and scale will be similar for both categories of

plants, but that the relationship between the DV and the set of |\Vs wiil differ based on

other factors captured by the dummy variable.'? An alternative approach to the use of

" The dummy variables are potentially problematic statisticaily, however, because of

multicollinearity. Their correlations with the ProdOrg index are quite high (LProdOrg with
Japanlocation - r = .592; and LProdOrg with JapanMgmt - r = .716). These are high enough
to weaken the reliability of the regression coefficients somewhat, but not high enough to
undermine the results. Gujarati (1978) reports that the variance around the regression
coefficients for two cor-elated variables rises exponentizliy as :he correlation rises. Whenr = .7,
the variance is 1.96 times the variance in the absence of coliinearity. While high, the real problem
with multicollinearity arises with higher correlations. For example, when r = .9, the variance is
5.26 times the non-coliinear variance and when r = .95, the variance is 10.26 times the non-
collinear variance. (Atr = 1 -- pure multicollinearity -- the variance is infinite.) Thus a correlation
of .7 is acceptably low for our purposes. The tolerance limits used by SPSSX to assess each
variable before entering it into the regression equation provide a further safeguard against
destabilizing multicoilinearity.

'? The decision to add dummy variables to the existing equations, with its assumption of equal
slope for the groups thus defined, is supported by a regression analysis that includes LProdOrg,
a Japanese dummy variable, and an interaction term, in which LProdOrg is multiplied by the
Japanese dummy variable. If the interaction term has a statisiically significant coefficient, it
means that the siope of the regression lines for each group are different. In this analysis (with
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dummy variables is to drop Japanese-located and Japanese-managed plants from the
sample and then repeat the regression analyses.'®

While there are nc absolute standards for assessing the results when introducing
thesa dummy variables, we can make the following statements:

1. If the coefficient of key variables goes to zerc and the coefficient of the

Japanese dummy variable is statistically significant, this supports the "strong

culturalist® perspective.

2. |If the coefficient of key variables remains statistically significant and the

coefficient of the Japanese dummy variable goes to zero, this supports the

*structuralist”™ perspective.

3. M coefficients for key variables and the Japanese dummy variable are ail
statistically significant, this supports the "weak culturalist™ perspective.

Regression Analysis for Productivity. Table 6-8 contains the regression results for

two of the five equations used above (Equations 2 and 3), first including a Japan location
dummy and then including a Japanesg management dummy. Equation 2 includes LScale,
LTo*Auto, and LProdOrg as Vs, and Equation 3 adds the three product-related I\s.
Cquations 4 and 5 are not used in this analysis because of the complications of interpreting

the results when the Japan dummies are added to equations that already include dumry

LogProd as DV and JapanMgt as the dummy variable), the interaction term is not statistically
significant, supporting the assumption of equal slopes. (See Table 6-14) Of course, by rights this
analysis would need to be repeated for each dummy variabie and each different equation to
confirm this assumption threughout the analysis.

'3 This approach makes no assumption about the stability of the relationship between Vs and
allows an entirely new regression line to be fit for the subsample. But it has two problems in this
context. First, the number of Japanese-located and Japanese-managed plants are too small for
a separate regression analysis. So by dropping Japanese-ucated plants, we only gain new
information about non-Japanese located plants, whereas the inclusion of a Japanese location
dummy variable provides information about both groups of plants. Second, even the larger group
of non-Japanese located plants is affected by the great reduction in degrees of freedom. With
such & small sample and so many Vs, this is a risk to be avoided if possible. Notwithstanding
these differences, the results from these two approaches are quite similar. (See Tables 6-15 and
6-16)



variables that cut across countries.

Table 6-8 shows regression resulis when these dummy variables are included, using
LProductivity as the dependent variable. For productivity, the addition of the Japanese
dummy variables produces a modast increase in adjusted R', regardless of which equation
or which dummy variabie, over the analyses without dummies.

In Equation 2, which inciudes only LScale, LTotAuto, LProdOrg, and the Japan
durnmy variabies, both LProdOrg and the Japan dummy variabie are statistically significant,
with LProdOrg having a beta coefficient that is somewhat higher than the Japanloc
dumrny and nearly equa! to the JapanMgt dummy. As in the original Equation 2, LTotAuto
has the highest beta coefficiart and statistical significance, although this effect is
somiewhat diminished by the Japan dummy variables.

As the product variables are added in Equation 3, however, LProdOrg ceases to be
statistiéally significént, while JapahLoc and JapanMgt, respectively, do remain statistically
significant. While no Ionger statistically significant, the beta for LProdOrg remains
maoderately high; from Equaticn 2 to Equation 3, this coefficient drops from -.29 (with
Japantioc) and -.26 (with JapanMgt) to -.15 (in both eguations) with the T-value dropping
from arocund -2.4 to around -1.3. The effect of LTotAuto remains somewhat smaller.

Clearly, the Japanese dummy variables are the source of the reduction in
significance of LProdOrg in Equation 3. The other variables, as expected, have
approximately the same coefficients and significance ievels as in the origina! analyses

without dummy variabies.

Regression Analysis for Quality. With LQuality as the dependent variabie, the

results are quite different (Table 6-9). In Equations 2 and 3, LProdOrg remains strongly

statistically significant while the Japanese dummy variables are not significant. Indeed,
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the Japanese dummy variabies are barely different from zero, with vary low T-values
ranging from .2 to .3 for the JapanLoc dummy and at arcund -.6 for the Japanigt dummy.
(The fact that the signs are difforent for the two variables is ancther sign of their iow
sigrificance.)

Thus the productivity a..d quality results seem o tell a slightly different story. The
productivity rasuits don’t support the "strong culturalist® view, because the coefficienis
for LProdOr remain moderately high even when the Japanese dummy variables are
included. But nor do they unequivocaily support the “structuralisi® view, since the
LProdOrg coeificients are not statistically significant in these analyses and the Japanese
dummy variables are. Instead, they appear to support the "weak culturalist™ view.

The quality results, on the other hand, provide much more support for the
structuralist view. The Japanese duimmy variables are not statistically significant in thesa
anaiyses and LProdOrg is.

It is clear that the FlexProd "organizational logic” is strongly associated with quality
wherever it is utilized, regardless of whether the management is Japanase. It may be that
the transition to a flexible production system first yields quality improvements and only
over time yields comparable productivity improvements. Or that non-Japanese managers
are better able to understand how to apply the principles of flexible production to quality
improvemnent than to productivity improvemaenit.

These analyses also support earlier findings about plants that achieve bath high
productivity and high quality. These "world class” plants {shown in Figure 4.3, in Chapter
4) are entirsly Japanese-managed. Thus Japanese managers may still have a monopoly

on xnowledge about succonsfully achieving both of these outcormes.

Correlations within Japan 313 Non-Japan Subsamples. A final test of the effect of
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these Japanese dummy variables on the relationship of production organization and
technology to manufacturing performance is to examine correlations within subsamples.
The structuralist view would expect performance differences to be linked to ProdOrg within
the Japanese subsample, while the weak culturalist view would only expect this
relationship to hold outside of Japan.

Table 6-10 presents Spearman rank-order correlation coefficients between the main
dependent variables in the analysis abcve (LProductivity and LQuagiity) and the main
independerit variables, for plants located in and out of Japan and plants that do and do not
have Japanese management.'* Rank-order correlations are used because the number of
Japan-located and Japinese-managed plants is toe small for Pearson correlation
coefficients to be reliable. However, the complementary subsets gre large snough for this
procedure; the Pearson ciirelations are presented in Table 6-11.

For Japan-located and Japanese-managed plants, LProdOrg has a statistically
significant rank-order correlation with Joth preductivity and quality. This measure of
production organization, therefore, successfully differentiates among these Japan-affiliated
plants. It also is strongly correlated with both performance measures for the non-Japan
subsainples, whether Spearman or Pearson coefficients are used. This supports the
structuralist view over the weak culturalist view.

These subsamples also reveal intriguing differences in the relationship betwaen
complexity and performance. For Japanese-managed plants, Parts Complexity is
significantly correlated with both productivity and quality. But the correlation is pegative,

meaning that plants with more parts compiexity have fewer hours and defects per vehicle;

'* While the correlations are reported for the variables as they were transformed for the
regression analyses, these linear tran<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>