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A PRIME mission of the University of Massachusetts
Lowell is to support regional economic development. In pursuing this mis-
sion, the university has certain unique technological capabilities to offer
the regional economy, and the regional economy possesses an industrial
base that can, and does, make use of these capabilities. Yet a deeper rela-
tionship between UMass Lowell and the regional economy could help to
foster economic development on a scale and a scope that far exceed the
impacts that are currently being achieved.

Corporate Investment and Sustainable Prosperity

The particular challenge that faces a university such as UMass Lowell is the
promotion of regional economic development that generates “sustainable
prosperity”-higher standards of living for more and more people over a
prolonged period of time. During the 1950s and 1960s, the U.S. economy
was capable of generating not only economic growth but also increasing
income equality. Since the 1970s, however, a persistent feature of the U.S.
economy, evident also in Massachusetts, has been an increasing income
inequality, to the point where the United States now has the most unequal
distribution of income among the advanced industrial economies (Atkin-
son, Rainwater, and Smeedling 1995; Levy and Murnane 1992; Moss
2001). Since the late 1990s, the U.S. economy has been booming, but it is
by no means clear that a new trajectory of sustainable prosperity has been
established. The challenge for those engaged in a regional university such
as UMass Lowell is to take advantage of the boom to reorient the regional
economy toward an enduring process of economic development that spreads
its benefits more broadly and deeply among the regional population. It is
important to recognize that, in the late twentieth century, our attempts to
promote sustainable prosperity built on a highly innovative economy. In
the early 2000s, after more than two decades of intense competitive chal-
lenges, the United States retains international leadership in a range of
science-based industries such as computer electronics and pharmaceuticals
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as well as in service sectors such as finance and fast food. Yet, if the U.S.
economy is capable of innovation, the growing income inequality of the
past quarter-century suggests that it may be incapable of sustainable pros-
perity. Is it possible to structure regional institutions and organizations so
that innovation and increased income equality can go hand in hand in the
regional economy? The answer to this question is critical for a technologi-
cal institution such as UMass Lowell that hopes to implement a regional
economic development strategy that will result in sustainable prosperity.

In a project on the performance of the U.S. economy, the UMass Lowell
Center for Industrial Competitiveness explored the hypothesis that the co-
existence of innovation and growing income inequality in the U.S. economy
in the 1980s and 1990s reflected a systematic bias of major U.S. corpora-
tions against making investments in broad and deep skill bases (Almeida
2001; Forrant 2001; Lazonick 2001; Lazonick and O’Sullivan 2001a; La-
zonick and O’Sullivan 2001b; Moss 2001; O’Sullivan 2000; Tilly 2001).
Rather, these corporations, which exercise significant control over the allo-
cation of resources and returns in the economy, are choosing to invest, and
are best able to innovate, in the production of goods and services that use
narrow and concentrated skill bases to develop and utilize technology. Skill
bases are broad when they include large numbers of people in collective
and cumulative learning processes. Skill bases are deep when they include
groups of workers engaged in shop-floor production as well as within sub-
contracting enterprises in collective and cumulative learning processes. In-
vestment in broad and deep skill bases can generate the productive capabili-
ties that make sustainable prosperity possible.

America’s major industrial competitors-and especially the Japanese-
have successfully challenged once-dominant U.S. producers across a num-
ber of industries by investing in skill bases that are broader and deeper
than those that previously had been best practice in those industries. U.S.
industrial corporations could, and some indeed have, responded by broad-
ening and deepening the skill bases in which they invest. As a general rule,
however, in the face of international competition, major U.S. corporations
are choosing to produce those goods and services for which competitive
advantage can still be gained by investing in narrow and concentrated skill
bases; that is, skill bases of small numbers of highly educated and highly
trained personnel.

Why are “skill bases” important to the economy? They form the foun-
dations on which people engage in collective and cumulative-or organiza-
tional-learning, which is, in turn, central to the process of economic de-
velopment. Case study evidence suggests that the manufacturing industries
in which the U.S. economy was most severely challenged by high-wage
foreign competition-industries such as automobiles, consumer electron-
ics, machine tools, and commodity semiconductors-were those in which
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innovation and sustained competitive advantage demand investments in
broader and deeper skill bases. If the “skill-base hypothesis” is valid, then
it may well be that innovation and equality can go hand in hand. From a
policy perspective, the relevant issue is how business enterprises can be
induced to make innovative investments in broad and deep skill bases.

The skill-base hypothesis adds an important dimension to American
debates on the relation between investments in “technology” and sustain-
able prosperity. On one side have been those who stress the weakened inno-
vative capabilities of the U.S. economy in international competition (Cohen
and Zysman 1987; Dertouzos, Lester, and Solow 1989; Tyson 1992). They
have called for the U.S. government and businesses to allocate more re-
sources to education, training, research, and cooperative investment pro-
jects that can support the United States in making a competitive response.
These arguments assume, often more implicitly than explicitly, that these
innovative responses will promote sustainable prosperity in the United
States.

On the other side have been those who argue that income inequality
cannot be blamed on international competition. The volume of world
trade, they argue, is not large enough to have a significant impact on the
distribution of income in the United States. Rather they attribute growing
inequality to the employment impacts of “new technology” (Krugman
1997; Krugman and Lawrence 1994). If the United States has problems
keeping people employed at high wages, it is because, for a given level of
investment, technologies of the computer age do not create the same quan-
tity and quality of employment opportunities for Americans as did the
technologies of the past. Income inequality has grown, they argue, because
new technologies displace employment opportunities that used to be well
paid. Pay attention to raising the levels of both investment and relevant
skill in the U.S. economy, and the income distribution will improve.

The skill-base hypothesis views both international competition and
technological change as important determinants of the distribution of in-
come, but it is embedded in a theory of innovation and economic develop-
ment in which the impacts of international competition and technology on
income distribution depend on corporate investment strategies. Across U.S.
industrial corporations, these strategies, and the investment in skill bases
that they entail, are in turn influenced by American institutions of corpo-
rate governance and corporate employment. The rise of powerful interna-
tional competition based on investments in broader and deeper skill bases
may lead U.S. corporations to seek to remain innovative by investing in
technologies that only require investments in narrow and concentrated
skill bases.

Powerful support for the skill-base hypothesis can be found in the expe-
rience of Japanese-U.S. industrial competition over the past few decades.



Organizational Integration and Sustainable Prosperity 49

Japan took on and surpassed the United States in many industries in which
it had been the world leader. The foundations of Japanese success in inter-
national competition, I argue, were investments in broad and deep skill
bases to generate organizational learning. The problems of both innovation
and equality in the United States in the 1980s and 1990s have not been
inherent in technology. Rather they derive from corporate strategies to de-
velop and utilize technology.

U.S. corporations, I contend, have been investing in narrow and concen-
trated skill bases in a world of international competition in which innova-
tion has increasingly come from investing in broad and deep skill bases. If
the skill-base hypothesis is correct, the solution to the problem of reversing
the trend toward income inequality in the United States goes much deeper
than growth policies or industrial policies. It requires transformation of the
way industrial corporations are governed and the way people are employed.

Organizational Integration

Almost all the major industrial corporations in the U.S. economy in the
post-World War II era made investments in managerial learning from the
early decades of the twentieth century, if not before. Many of the produc-
tive and competitive advantages of these investments in managerial organi-
zation still accrued to these corporations decades after the particular indi-
viduals involved in those collective learning processes had left the corporate
scene.

In a comparative international perspective, U.S. industrial corporations
were not unique in building their managerial organizations into formidable
sources of sustained competitive advantage. What made them unique
among their counterparts in the advanced economies was their dedication
to a strategy of taking skills, and hence the possibilities for craft learning-
much less corporate learning-off the shop floor (Lazonick 1990; Lazon-
ick and O’Sullivan 2001b; see also Jürgens, Malsch, and Dohse 1993). This
process of transforming skilled craft work into “semiskilled” operative
work was a prolonged one, constrained as it was by the development of
new technology through managerial learning. But, as reflected in the dis-
tinction between “salaried” and “hourly” personnel, the strategy of relying
exclusively on the managerial organization for the development of new
productive capabilities has been, throughout the twentieth century, a dis-
tinctive characteristic of U.S. industrial development.

The American corporate strategy of confining organizational learning
to those employed within the managerial structure enabled the United
States to become the world’s leading industrial power during the first half
of the twentieth century (Lazonick and O’Sullivan 1997a, 1997b). On the
basis of this leadership, U.S. industrial corporations were able to provide
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high pay and stable employment not only to managerial employees but also
to shop-floor workers, whether skilled or semiskilled.

Over the past few decades, however, powerful international competi-
tors have arisen that have developed productive capabilities by integrating
managers and workers into their organizational learning processes. The
hierarchical segmentation between managers and workers that the Ameri-
can “managerial revolution” entailed became a major institutional barrier
to making investments in organizational learning required to sustain pros-
perity in the U.S. economy. In an era of intense international competition
in which sustained competitive advantage went to those enterprises and
nations that made investments in, and integrated, the organizational learn-
ing of both managerial and shop-floor personnel, the investment strategies
of most U.S. industrial corporations focusing only on managerial learning
fell short.

The competitive problem that has faced U.S. industrial corporations is
that, over time for a particular product, the innovation process, of which
the organizational learning process is its social substance, has become in-
creasingly collective and cumulative. Organizational learning has become
increasingly collective because innovation-the generation of higher qual-
ity, lower cost products-depends on the integration of an ever-increasing
array of specific productive capabilities based on intimate knowledge of
particular organizations, technologies, and markets. Organizational learn-
ing has become increasingly cumulative because the collective learning that
an organization has built up in the past increasingly forms an indispensable
foundation for the augmentation of organizational learning in the present
and future.

The increasingly collective and cumulative character of organizational
learning means that, for a particular product, an innovative investment
strategy is one that entails investments in broader and deeper skill bases-
divisions of labor that extend further down the organizational hierarchy
and involve more functional specialties. The investments in skill bases are
not simply investments in the learning of large numbers of individuals per-
forming a wide variety of functions. For these investments in broader and
deeper skill bases to generate higher quality, lower cost products requires
organizational integration, a set of social relations that provides partici-
pants in a complex division of labor with the incentives to cooperate in
contributing their skills and efforts toward the achievement of common
goals.

At any point in time, the technological possibilities and organizational
requirements of the innovation process vary markedly across industries in
terms of the extent of the skill base in which the innovating enterprise must
invest. In industries, such as pharmaceuticals, in which value-added comes
mainly from research, design, and marketing, narrow and concentrated
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skill bases of scientists, engineers, and patent lawyers remain sufficient for
generating higher quality, lower cost products. Thus, in such industries,
U.S. industrial enterprises have been able to remain world leaders, but in
industries, such as automobiles, where value-added derives mainly from
manufacturing processes that combine a complex array of physically dis-
tinct components, international competitive challenges have been based on
investments in broader and deeper skill bases. The investments in organiza-
tional learning occur not only within corporate management structures but
also on the shop floor and in the vertical supply chain. In those industries
in which international competition demands investments in such broad and
deep skill bases, once-dominant U.S. industrial enterprises have lost sub-
stantial competitive advantage.

In the U.S. automobile industry, American-based companies have re-
gained some of the markets they had lost-or at least have stemmed the
loss of market share. The skill-base hypothesis posits that they have done
so by investing in broader and deeper skill bases than before. In respond-
ing to these competitive challenges, moreover, the organizational problem
that has faced U.S. industrial enterprises over the past few decades has
gone beyond the hierarchical segmentation between managers and work-
ers. Even within the managerial structure-the traditional locus of organi-
zational learning in U.S. enterprises-organizational integration appears to
have given way to functional and strategic segmentation.

Compared with both the integrated organizational structures of foreign
competitors and the integrated managerial structures that characterized the
most successful U.S. companies in the past, organizational learning within
the managerial structures of U.S. enterprises has been limited by the func-
tional segmentation of different groups of technical specialists. Specialists
in marketing, development, production, and purchasing may be highly
skilled in their particular functions, but in U.S. enterprises, relative to their
counterparts abroad, they tend to respond to incentives that lead them to
learn in isolation from one another. Functional segmentation makes it dif-
ficult, if not impossible, for such isolated specialists to solve complex man-
ufacturing problems that require collective and cumulative learning.

In addition, in comparative and historical perspective, a distinctive
characteristic of U.S. industrial enterprises since the 1960s has been the
strategic segmentation of those top managers who control enterprise re-
sources from those lower in the managerial hierarchy on whom the enter-
prise has relied for organizational learning. In allocating vast amounts of
resources, top managers of major U.S. industrial corporations have increas-
ingly lost the incentive to remain cognizant of the problems and possibili-
ties for organizational learning within the enterprises over which they
exercise control. Within a particular enterprise, tendencies toward hierar-
chical, functional, and strategic segmentation may be mutually reinforcing,
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thus making it all the more difficult for an enterprise, or group of enter-
prises, to invest in organizational learning once it has embarked on the
organizational-segmentation path.

The skill-base hypothesis seeks to test these propositions concerning
the growing importance of hierarchical, functional, and strategic integra-
tion for attaining and sustaining competitive advantage, and the increasing
tendency toward organizational segmentation along these three dimen-
sions in U.S. industrial corporations, in historical and comparative perspec-
tive. The skill-base hypothesis, and the theoretical perspective on innova-
tion and economic development in which it is embedded, derives from our
historical and comparative analyses of the role of organizational integra-
tion in shifts in international competitive advantage (Lazonick 1991, ch.
1; Lazonick and O’Sullivan 1996, 1997c; O’Sullivan 2000). The empirical
evidence required to test the hypothesis must be derived from in-depth
analyses of the investment strategies, organizational structures, and com-
petitive performance of particular companies based in different nations
that have engaged in head-to-head competition in particular industries.

Our purpose is to motivate such a research agenda by drawing on some
of the findings of a now-vast range of literature on the interaction of organ-
ization and technology in U.S.-Japanese industrial competition. This evi-
dence, much of it deriving from the experiences of management consul-
tants and case studies by business academics, provides substance to the
skill-base hypothesis. In this essay, I focus on differences in hierarchical
integration and organizational learning in Japanese and American enter-
prises, positing that understanding hierarchical integration of technical
specialists and production operatives forms an indispensable foundation
for understanding the functional integration of technical specialists them-
selves-a subject that now dominates much of the management literature
on technological competition. A discussion of strategic integration and seg-
mentation - t h e analytical interface between issues of corporate gover-
nance and organizational learning-has been treated at length elsewhere
(Lazonick and O’Sullivan 1997a, 1997b, 1997c, 2001; O’Sullivan 2000).
I am concerned here with the social structures that generate organizational
learning rather than with the social structures that allocate resources to
building different types of skill bases.

Organizational Learning

If there is one nation that challenged the United States for international
industrial leadership in the last half of the twentieth century, that nation is
Japan. In 1950, Japan’s GDP per capita was only 20 percent of that of the
United States; in 1992, it was 90 percent (Maddison 1994, 22). The Japa-
nese challenge came, moreover, not from those industries in which Ameri-
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can companies were weak or had been neglectful of. On the contrary, the
challenge has been in industries such as automobiles, electronics, and ma-
chine tools, in which the United States had attained a seemingly invincible
position as the world’s leading mass producer.

Since the 1980s much has been written about the institutional and or-
ganizational sources of the Japanese competitive advantage. Social institu-
tions such as lifetime employment and cross-shareholding and organiza-
tional practices such as total quality management and consensus decision
making have been critical elements of Japan’s phenomenal rise from the
ashes of defeat after World War II. But these institutions and organizations
would not have generated the so-called economic miracle in the 1950s and
1960s had Japan not still possessed even in the immediate aftermath of the
war, an accumulation of technological capabilities. Japan had been accu-
mulating its capabilities in mechanical, electrical, and chemical technolo-
gies since the late nineteenth century when the Japanese “managerial revo-
lution” had begun. At the time of the Meiji Restoration in 1868, Japan had
little in the way of modern industrial capabilities (Morris-Suzuki 1994).
Under the slogan “Rich Nation, Strong Army,” the Restoration government
implemented a strategy for industrial development that was heavily depen-
dent on borrowing knowledge, technologies, and even institutions from
abroad (Samuels 1994; Westney 1987). In the first half of the 1870s, pri-
vate and public interests set up institutions of higher education-most
notably, Keio University, the Institute of Technology (later part of Tokyo
Imperial University), and the Commercial Law School (which became Hi-
totsubashi University)-to supply key personnel for an innovative indus-
trial economy. (Abe 1996; Hirschmeier and Yui 1981, 166; Hunter 1984,
47). By the 1880s Japan had a steady supply of both indigenous graduates
and teachers (Iwauchi 1989; Uchida 1989; Yonekawa 1984, 193-218).

Large numbers of university graduates were lured into industry, with
the zaibatsu (large industrial conglomerates) taking the lead (Yonekawa
1984). From 1900 to 1920, for example, the employment of graduate engi-
neers increased from 54 to 835 at Mitsui and from 52 to 818 at Mitsubishi
(Uchida 1989, 108). These highly educated employees were not only ea-
gerly recruited but also well paid by the companies that employed them. In
addition, companies often incurred the considerable expense of sending
them abroad for varying lengths of time to acquire more industrial experi-
ence (Hirschmeier and Yui 1981, 154; Iwauchi 1989, 99).

During the interwar period, the overall development strategy of the Jap-
anese economy became increasingly dominated by the investment require-
ments of militarization and imperial expansion. Relying heavily on the zai-
batsu, Japan devoted considerable resources to building capabilities in
mechanical, electrical, and chemical engineering. In the immediate after-
math of World War II, as the Allied Occupation engaged in the dissolution
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of the once-powerful zaibatsu (Adams and Hoshii 1972; Bisson 1951;
Hadley 1970), Japanese scientists and engineers organized to seek new ways
to develop and utilize their capabilities.

In 1946 they formed the Japanese Union of Scientists and Engineers
(JUSE), an association devoted to promoting the nation’s technological de-
velopment through education, standard setting, and the diffusion of infor-
mation. Influenced by U.S. occupation officials versed in statistical quality
control (SQC) techniques that the United States had used for military pro-
duction during the war, JUSE focused on the application of quality control
in an economy based on production for commercial markets. In 1949,
JUSE established the Quality Control Research Group (QCRG), which in-
cluded participants from academia, industry, and government.

The following year JUSE sponsored an eight-day seminar on SQC with
DK. W. Edwards Deming, a physicist who had been working for the U.S.
government in developing the sampling methods for SQC (Ishikawa 1985,
16). These techniques were used to monitor mass-produced output for sys-
tematic deviations from “quality” standards as a prelude to controlling
identifying and correcting) quality problems. Deming’s lectures were well
received as was the edition of the lectures that JUSE promptly published.
The author donated his royalties to JUSE, which in turn used the funds to
establish the now-famous Deming Application Prize, awarded annually
since 1951 to an industrial company for its achievements in the application
of quality control (QC) methods (Nonaka 1995).

One of the key figures in applying QC methods to Japanese industry
was Kaoru Ishikawa, an engineering professor at the University of Tokyo.
Starting in 1949, under the auspices of QCRG, Ishikawa began teaching
the QC Basic Course to industrial engineers, using translated British and
American texts. “After conducting the first course,” Ishikawa recalled, “it
became clear to us that physics, chemistry, and mathematics are universal
and are applicable anywhere in the world. However, in the case of quality
control, OK in anything that has the term ‘control’ attached to it, human
and social factors are strongly at work. No matter how good the American
and British methods may be, they cannot be imported to Japan as they
stand. To succeed, we had to create a Japanese method” (Ishikawa 1985,
16-17). Ishikawa, with others, developed that Japanese method in the
1950s through their direct involvement with Japanese manufacturing com-
panies, particularly in the fledgling automobile industry (Mizuno 1984;
Nonaka 1995,143).

What was different about Japanese conditions that made it necessary
to “create a Japanese method”? And how by the 1970s and 1980s did
that Japanese method become the world’s most powerful manufacturing
approach for setting new standards of high quality and low cost? In partic-
ular, how did Japanese manufacturing for mass markets differ from the
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system that Americans had previously developed in the first half of the
twentieth century when U.S. industry established itself as the world’s lead-
ing mass producer?

The fundamental difference between the Japanese and American organ-
ization of mass production was on the shop floor. The American system of
mass production that dominated the world economy by the mid-twentieth
century was based on the production of long runs of identical units by
expensive special-purpose machines tended by “semiskilled” operatives
(Hounshell 1984). The transformation of the high fixed costs of these
mass-production technologies into low unit costs of final products required
the cooperation of these shop-floor workers in the repetitive performance
of narrow manual functions needed to maintain the flow of work-in-
progress through the interlinked mechanical system.

The American machine operatives themselves were not involved in ei-
ther monitoring the quality of work-in-progress OK searching for solutions
to quality problems in the manufacturing process. By design, they were
excluded from the process of organizational learning that generated the
American system of mass production (Lazonick 1990, chs. 7-9). Reflecting
the American practice of confining organizational learning to the manage-
rial structure and developing technologies that displaced the need for skill
on the shop floor, quality control evolved in the United States as a strictly
managerial function.

Leading American mass producers were willing and able to provide
greater employment security and higher wages to shop-floor workers to
ensure their cooperation in keeping pace with the expensive high-speed,
special-purpose machinery. These companies, that is, established incentives
to gain the cooperation of operatives in the utilization of technology. But
the managers of these companies were unwilling to grant these operatives
any role in the development of technology. Rather they confined such or-
ganizational learning to the managerial structure. Indeed, in the Ameri-
can companies considerable managerial learning was devoted to organiz-
ing work and developing mass-production technologies (Lazonick 1990,
chs. 7-10; Lazonick 1992, pt. 2).

In the post-World War II Japanese automobile industry, companies like
Toyota and Nissan did not have the luxury of long runs. In 1950, reflecting
Japan’s low level of GDP per capita, the entire Japanese automobile indus-
try produced 31, 597 vehicles, which was about the volume that U.S. com-
panies produced in one and a half days (Cusumano 1985, 75,266). In that
year, Nissan accounted for 39 percent of production and Toyota 37 per-
cent, while for the industry as a whole, 84 percent of the vehicles produced
were trucks (Cusumano 1985, 75). As production increased over the course
of the 1950s, with cars becoming a larger proportion of the total, Nissan
or Toyota had to produce an increasing variety of vehicles to survive. In
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responding to these demand-side conditions, therefore, these companies
could not possibly achieve low unit costs by simply adopting American
mass-production methods.

On the supply side, over the course of the twentieth century, Japanese
industry had developed capabilities that enabled companies like Toyota
and Nissan to develop and utilize technology in a profoundly different way.
These companies could draw on a sizable supply of highly educated and
experienced engineers. Many Toyota employees, for example, had accumu-
lated relevant technological experience over the previous decades in work-
ing for a predecessor company that was Japan’s leading producer of textile
machinery (Mass and Robertson 1996). In addition, the automobile indus-
try was able to attract many engineers who had gained experience in Ja-
pan’s aircraft industry before and during the war (Wada 1995).

Before the war, moreover, many Japanese companies had integrated fore-
men into the structure of managerial learning so that they could not only
supervise but also train workers on the shop floor. Whereas, in the United
States, the foreman, as “the man in the middle,” served as a buffer between
the managerial organization and the shop floor, in Japan, the foreman was
an integrator of managerial and shop-floor learning. From the late nine-
teenth century on, a prime objective of U.S. managerial learning had been
to develop machine technologies that could dispense with the skills of craft
workers on the shop floor. In contrast, in Japan, without an accumulation
of such craft skills the problem that had confronted technology-oriented
managers from the late nineteenth century had been to develop skills on
the shop floor as part of a coordinated strategy of organizational learning.

The rise of enterprise unions in the early 1950s both reflected and en-
hanced the social foundations for this hierarchical integration. During the
late 1940s, dire economic conditions and democratization initiatives gave
rise to a militant labor movement of white-collar (technical and administra-
tive) and blue-collar (operative) employees. The goal of the new industrial
unions was to implement “production control”: the takeover of idle fac-
tories so that workers could put them into operation and earn a living
(Gordon 1985, 343; Hiwatari 1996; Moore 1983). As an alternative to
the “production control” strategy of militant unions, leading companies
created enterprise unions of white-collar and blue-collar employees. In
1950, under economic conditions deliberately rendered more severe by the
Allied Occupation’s anti-inflationary “policy,” companies such as Toyota,
Toshiba, and Hitachi fired militant workers and offered enterprise union-
ism to the remaining employees. The post-Korean War recession of 1953
created another opportunity for more companies to expel the militants and
introduce enterprise unionism. The continued and rapid expansion of the
Japanese economy in the “high-growth era” ensured that enterprise union-
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ism would become an entrenched Japanese institution (Cusumano 1985;
Gordon 1985, ch. 10; Halberstam 1986, pt. 3; Hiwatari 1996).

The prime achievement of enterprise unionism was “lifetime employ-
ment,” a system that gave white-collar and blue-collar workers employ-
ment security to the retirement age of fifty-five or sixty. Foremen and super-
visors were members of the union, as were all university-educated personnel
for at least the first ten years of employment before they made the official
transition into “management.” Union officials, who were company em-
ployees, held regularly scheduled conferences with management at differ-
ent levels of the enterprise to resolve issues concerning remuneration,
working conditions, work organization, transfers, and production (Naka-
mura 1997; Shimokawa 1994, ch. 3).

These institutional conditions supported the integration of shop-floor
workers into a companywide process of organizational learning. Top man-
agers had ultimate control over strategic investments, and technical special-
ists designed products and processes, typically on the basis of technology
borrowed from abroad. But, given these managerial capabilities, the unique
ability of Japanese companies to transform borrowed technology to gener-
ate new standards of quality and cost depended on the integration of shop-
floor workers into the process of organizational learning.

Through their engagement in processes of cost reduction, Japanese
shop-floor workers were continuously involved in a more general process
of improvement of products and processes that, by the 1970s, enabled Jap-
anese companies to emerge as world leaders in factory automation. This
productive transformation became particularly important in international
competition in the 1980s as Japanese wages approached the levels of the
advanced industrial economies of North America and Western Europe.
During the 1980s and 1990s, influenced as well by the impact of Japanese
direct investment in North America and Western Europe, many Western
companies have been trying, with varying degrees of success, to implement
Japanese high-quality, low-cost mass-production methods.

Especially since the 1980s, a huge English-language literature has emerged
on Japanese manufacturing methods, much of it written by industrial engi-
neers with considerable experience as employees of, or consultants to,
manufacturing companies in Japan and the West. In addition, there is a
growing body of academic research on the subject, although it tends to
focus more on functional integration than on hierarchical integration. By
summarizing this body of evidence here, I intend to show that, in compari-
son with the once-dominant American mass producers, a fundamental
source of Japanese manufacturing success has been the hierarchical inte-
gration of shop-floor workers in the process of organizational learning
and also indicate how, within Japanese companies, hierarchical integration
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contributed to the generation of higher quality, lower cost products as part
of a process of organizational learning that included integration across spe-
cialized functions.

In a comprehensive account of Japan’s manufacturing challenge, Ki-
yoshi Suzaki (1987), a former engineer at Toshiba who then turned to con-
sulting in the United States, contrasts the operational and organizational
characteristics of a “conventional” (traditional American) company and a
“progressive” (innovative Japanese) company in the use of men, materials,
and machines in the production process (see table 1).

In the generation of higher quality, lower cost products, the integration
of Japanese shop-floor workers into the process of organizational learning
contributed to (1) the more complete utilization of machines, (2) superior
utilization of materials, (3) improvements in product quality, and (4) fac-
tory automation. In summarizing the ways in which hierarchical integra-
tion contributed to these innovative outcomes in Japan, I indicate how and
why Japanese practice differed from the hierarchical segmentation of shop-
floor workers that was, and still largely remains, the norm in American
manufacturing.

Table 1. Operational and organizational characteristics of
American and Japanese manufacturing

American company Japanese company

Operational characteristic
Lot size Large Small
Setup time Long Short
Machine trouble High Low
Inventory Large Small
Floor space Large Small
Transportation Long Short
Lead time Long Short
Defect rate High Low

Organizational characteristic
Structure Rigid Flexible
Orientation Local optimization Total optimization
Communication Long chain of command Open
Agreement Contract-based Institution-based
Union focus Job-based Company-based
Skill base Narrow Broad
Education/training Low quality High quality
Training Insignificant Significant
Supplier relations Short-term/many competitors Long-term/selected few

Source: Adapted from Kiyoshi Suzaki, The New Manufacturing Challenge (New York: Free Press, 1987),
233.
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Utilization of Machines

In the decade after the war, the Japanese pioneered in cellular manufactur-
ing-the placement of a series of vertically related machines in a U-shape
so that a worker, or team of workers, can operate different kinds of ma-
chines to produce a completed unit of output. Used particularly for the
production of components, cellular manufacturing requires that workers
perform a variety of tasks, and hence that they be multiskilled.

The Japanese system differed from the linear production system used in
the United States in which shop-floor workers specialized in particular tasks,
passing the semifinished unit from one specialized worker to the next. His-
torically, this fragmented division of labor resulted from the successful
strategy of American managers in the late nineteenth century to develop
and utilize mechanized technologies that could overcome their dependence
on craft contractors who had previously controlled the organization of
work (Montgomery 1987). To supervise better the “semiskilled” workers
who operated the new mechanized technologies, American managers then
sought to confine adversarial shop-floor workers to narrow tasks. After
the rise of industrial unionism in the 1930s shop-floor workers used these
narrow job definitions as a foundation for wage setting, thus institutional-
izing this form of job control in collective bargaining arrangements.

The prevalence of adversarial bargaining and job control only served to
increase the resolve of most U.S. corporate managers to keep skill and ini-
tiative off the shop floor in the decades after World War II. Meanwhile,
developing and utilizing the capabilities of the multiskilled shop-floor
worker in myriad ways, Japanese companies created new standards of
quality and cost. This continuous improvement, which the Japanese called
kaizen (Imai 1986), enabled Japanese companies to outcompete the Ameri-
cans, even in their own home markets, even as Japanese wages rose and the
yen strengthened in the 1980s and 1990s.

With the need to use mass-production equipment to produce a variety
of products in the 1950s, Japanese companies placed considerable empha-
sis on reducing setup times. Long setups meant excessive downtime, which
meant lost output. Once set in motion, a search for improvements often
continued over years and even decades. For example, in 1945, the setup
time for a thousand-ton press at Toyota was four hours; by 1971, it was
down to three minutes. A ring-gear cutter at Mazda that took more than
six hours to set up in 1976 could be set up in ten minutes four years later
(Suzaki 1987, 43).

By the 1980s, the extent of the market that Japanese manufacturers had
captured meant that small-batch production was no longer the necessity it
had been thirty years earlier. But the ability of these companies to do what
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the Japanese call “single-digit” (under ten minutes) setups enabled them to
use the same production facilities to produce a wide variety of customized
products. Single-digit setups had become a powerful source of interna-
tional competitive advantage.

The reduction of setup times involved the redesign of fixtures, the stan-
dardization of components, and the reorganization of work. Shop-floor
workers had to be willing and able to perform as much of the setup opera-
tions as possible for the next product batch while machines were still pro-
ducing the current product batch. The reorganization of work needed to
reduce setups represented another productive activity that could take ad-
vantage of the incentive and ability of Japanese shop-floor workers to en-
gage in a variety of tasks. The broader knowledge of the production process
that these workers possessed was in turn used to find new ways to reduce
setup times.

In the United States, in contrast, the problem of reducing setup times
was neglected in part because of long runs and in part because of the un-
willingness of American management to invest in shop-floor skills. In Japan
a dynamic learning process was set in motion in which the learning of
shop-floor workers was critical. In the United States, hierarchical segmen-
tation meant that, when the production of long runs of identical output
was no longer a viable competitive strategy, corporations were left without
the skill bases required for reducing setup times.

If shop-floor skills can prevent downtime through quick setups, they
also can do so through machine maintenance. Keeping machines trouble
free requires the involvement of shop-floor workers in continuous inspec-
tion and daily maintenance as well as engineers to solve chronic problems
and to train the shop-floor operatives. As Suzaki (1987, 123) has put it,
“zero machine troubles can be achieved more effectively by involving oper-
ators in maintaining normal machine-operating conditions, detecting ab-
normal machine conditions as early as possible, and developing counter-
measures to regain normal machine conditions. This requires development
of a close working relationship among operators, maintenance crews, and
other support people as well as skill development and training to increase
the abilities of those involved.”

In American mass production, shop-floor workers have not only lacked
the skills to maintain machines, they have also been denied the right to
maintain machines by managers who feared that, far from reducing down-
time by keeping machines trouble free, such shop-floor intervention would
be used to slow the pace of work. Indeed one role of first-line supervisors
employed on American mass-production lines has typically been to ensure
that production workers do not interfere with machine operations on the
assumption that such intervention will make the machines more trouble
prone.
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Cellular manufacturing, quick setups, and machine maintenance all
contribute to higher levels of machine utilization and lower unit costs. But
ultimately unit costs are dependent on how quickly products can be trans-
formed from purchased inputs into salable outputs. That is, unit costs de-
pend on cycle time.

As Jeffrey Funk (1992, 197) described it on the basis of his experience
working at Mitsubishi Electric Corporation for a year: “The reductions in
cycle time were achieved through numerous engineer and operator activi-
ties.” The engineers were primarily responsible for making systemwide im-
provements concerned with identifying and resolving production bottle-
necks, and with developing “product families” of different types of chips
that undergo the same processes, thus reducing setup times and eliminating
mistakes. The operators were primarily responsible for identifying possi-
bilities for localized improvements on the wafer and assembly lines. Each
operator was in a working group that met once or twice a month, through
which they made numerous suggestions for improvements, a high propor-
tion of which were acted upon by engineers. Operators responsible for wa-
fer furnaces contributed, for example, to improvements in the delivery,
queuing, and loading systems, all of which reduced cycle time. At Mitsubi-
shi Electric between 1985 and 1989, cycle time for semiconductor chips
was reduced from 72 days to 33 days, even as the number of chip styles
more than doubled to 700 and the number of package types assembled
increased from 20 to 70.

A comparison of the Mitsubishi wafer department with a U.S. factory
using similar equipment found that the Japanese factory produced four
times the number of wafers per direct worker, employed fewer support
workers per direct worker, had a higher ratio of output to input in the
wafer process, and had a cycle time that was one-fourth of that achieved by
the U.S. factory. These improvements, according to Funk (1992, 198-204),
“lead to shorter cycle time, higher yields, less wafer breakage, and higher
production of wafers per direct worker. The multifunctional workers en-
able Mitsubishi to employ fewer support staff. Since the direct workers
perform many of the activities typically performed by support staff in a
U.S. factory, the direct workers can determine which activities are most
important and how to improve the efficiency of these activities.”

Utilization of Materials

Perhaps the most famous Japanese management practice to emerge out of
the “high-growth era” was the just-in-time inventory system (JIT). By deliv-
ering components to be assembled as they are needed, the carrying costs
and storage costs of work-in-progress can be dramatically reduced. But JIT
only works if the parts that are delivered just in time are of consistently
high quality. JIT only yields lower unit costs when component suppliers,
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be they in-house or external subcontractors, have the incentive and ability
to deliver such high-quality parts. It was to ensure the timely delivery of
such high-quality components, for example, that in 1949 and 1950 the
first step taken by Taichi Ohno in developing JIT at Toyota was to reorga-
nize the machine shop into manufacturing cells that required multiskilled
operatives (Wada 1995, 22).

In the Japanese assembly process, JIT demands high levels of initiative
and skill from production workers. Using the kanban system, it is up to
assembly workers to send empty containers with the order cards-or kan-
ban -to the upstream component supplier to generate a flow of parts. The
assembly worker, therefore, exercises considerable minute-to-minute con-
trol over the flow of work-a delegation of authority that American fac-
tory managers deemed to be out of the question in the post-World War II
decades on the assumption that shop-floor workers would use such control
to slow the speed of the line. To prevent a purported shortage of compo-
nents from “creating” a bottleneck in the production process, American
managers kept large buffers of in-process inventory along the line.

The Japanese assembly worker also has the right to stop the line when,
because of part defects, machine breakdowns, or human incapacity, the
flow of work cannot be maintained without sacrificing product quality.
When a problem is discovered and a worker stops the line, a light goes on to
indicate its location, and others in the plant join the worker who stopped
the line in finding a solution to the problem as quickly as possible. To par-
ticipate in this process, therefore, shop-floor workers must develop the
skills to identify problems that warrant a line stoppage, and they must con-
tribute to fixing the problem. Without hierarchical integration, JIT and
kanban cannot work (Urabe 1988).

Product Quality

The willingness of Japanese companies to develop the skills of shop-floor
workers led to a very different mode of implementing quality control in
Japan from that used in the United States. Statistical quality control (SQC),
as already mentioned, originated in the United States. In American manu-
facturing, however, SQC remained solely a function of management, with
quality-control specialists inspecting finished products after they came off
the line. Defective products had to be scrapped or reworked, often at con-
siderable expense. Defects that could not be detected because they were
built into the product would ultimately reveal themselves to customers in
the form of unreliable performance, again at considerable expense to the
manufacturing company, especially when higher quality competitors came
on the market.

For American companies, from the 1970s on, the higher quality com-
petitors were typically the Japanese. In Japan, the integration of shop-floor
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workers into the process of organizational learning meant that product
quality could be monitored while work was in the production process, and
thus that defects could be detected and corrected before they were built
into the finished product. The result was less scrap, less rework, and more
revenues from satisfied customers. In the 1950s, American managers could
justify the exclusion of shop-floor workers from participation in quality
control on the grounds that the SQC methods in use were too complicated
for the blue-collar worker. Only more highly educated employees were
deemed capable of applying these tools. Given the quality of education re-
ceived by young Americans destined to be “semiskilled” factory operatives,
the managers of U.S. companies had a point. With mass education being
controlled and funded by local school districts, most future blue-collar
workers received schooling of a quality that was consistent with the mini-
mal intellectual requirements of repetitive and monotonous factory jobs.
This correspondence between schooling and prospective skill requirements
in hierarchically segmented workplaces helps to explain why to this day
the United States ranks among the lowest of the advanced economies in
terms of the quality of mass education and among the highest in terms of
the quality of higher education.

In Japan, even in the 1950s, blue-collar workers for manufacturing
companies were high school graduates. But as part of a national system
of education of uniformly high standards, they received much the same
quality education as those who would go on to university. Even then, the
involvement of Japanese shop-floor workers in SQC was accomplished by
making the methods more easily accessible to, and usable by, blue-collar
workers. As Kaoru Ishikawa (1985, 18), the pioneer in the implementation
of SQC in Japan, put it: “We overeducated people by giving them sophisti-
cated methods where, at that stage, simple methods would have sufficed.”

The reliance of Japanese companies on the skill and initiative of shop-
floor workers for superior machine utilization and reductions in materials
costs made these employees ideal monitors of product quality. Relying on
this skill base, SQC became integral to the Japanese practice of building
quality into the product rather than, as in the United States, using SQC to
inspect completed products that had had defects built in.

In the 1960s the involvement of shop-floor workers in improving ma-
chine utilization, materials costs, and product quality became institutional-
ized in quality control (QC) circles. In addition to initiatives undertaken
by individual companies to apply QC methods in particular factories, a
series of radio broadcasts by JUSE in the late 1950s had diffused an aware-
ness of the potential of quality control. Then, in 1960, JUSE issued a publi-
cation, A Text on Quality Control for the Foreman, which was widely used
by first-line supervisors in the workplace (Ishikawa 1985, 21). The success
of this publication led to a monthly magazine, Quality Control for the
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Foreman (FQC). In the process of gathering information for the magazine,
JUSE found that, in many factories, foremen and workers had formed
themselves into small groups to discuss quality control and its application
to specific problems. The editorial board of FQC (of which Ishikawa was
the chairman), in issuing the following statement, effectively launched the
QC circle movement:

1. Make the content [of FQC] easy for everyone to understand. Our
task is to educate, train, and promote QC among supervisors and workers
in the forefront of our work force. We want to help them enhance their
ability to manage and to improve.

2. Set the price low to ensure that the journal will be within the reach
of everyone. We want as many foremen and line workers as possible to read
it and benefit from it.

3. At shops and other workplaces, groups are to be organized with
foremen as their leaders and include other workers as their members. These
groups are to be named QC circles. QC circles are to use this journal as
the text in their study and must endeavor to solve problems that they
have at their place of work. QC circles are to become the core of quality
control activities in their respective shops and workplaces. (Ishikawa 1985,
138)

QC circles could be registered with and announced in, FQC. Beginning
in 1963, a national QC circle organization was created, complete with cen-
tral headquarters, nine regional chapters, conferences, seminars, and over-
seas study teams. Twenty years later there were almost 175,000 QC circles
registered with nearly 1.5 million members (Ishikawa 1985, 138-39; Non-
aka 1995).

QC circles became extremely effective in generating continuous im-
provements in the quality and cost of Japanese manufactured products. In
participating in the continuous improvement of these production systems,
shop-floor workers did not solve problems in isolation from the rest of the
organization but rather as part of a broader and deeper process of organi-
zational learning that integrated the work of engineers and operatives. The
foreman as team leader served as the conduit of information up and down
the hierarchical structure.

The QC circle movement, led by JUSE, helped to diffuse throughout
Japanese industry the organizational and technological advances made at
the leading companies. For example, in the mid-1960s there were frequent
breakdowns of a newly installed automatic metal-plating machine in the
assembly division of Toyota’s Motomachi Plant. The relevant QC circle
systematically considered possible causes and through testing came up with
solutions. In reporting the work of this QC circle, FQC stated: “The super-
visor may understand the design of the machine and how to run it, but
is probably unaware of its detailed tendencies or weaknesses. The people
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who know best about the condition of the machine are the workers, and
quality circles provide an opportunity to get important information from
them” (quoted in Nonaka 1995,154).

In solving problems in machine utilization, QC circles found that the
solutions invariably entailed improvements in product quality as well. As
Izumi Nonaka (1995,151) has put it in his account of the history of quality
control at Toyota and Nissan: “Toyota production methods, such as just-
in-time, kanban, and jidoka (automation) are well known, but it should be
stressed that, in relation to quality control, if 100 per cent of the parts
reaching a given process are not defect free, Toyota methods will not work
smoothly. In other words, quality is the foundation of Toyota production
methods. From about 1963, just-in-time and jidoka were adopted in all
Toyota factories, and a close relationship between these methods and qual-
ity was immediately established.”

The QC circle movement focused Japanese workers on the goal of
achieving “zero defects”-detecting and eliminating defects as the product
was being built rather than permitting defects to be built into the product.
In recounting why an incipient zero-defect (ZD) movement (initiated by
the U.S. Department of Defense for its contractors) failed in the United
States in the mid-1960s, Ishikawa put the blame squarely on the failure of
American companies to integrate shop-floor workers into the process,
as was being done in Japan. “The ZD movement became a mere move-
ment of will,” Ishikawa (1985, 151-52) observed, “a movement without
tools . . . It decreed that good products would follow if operation standards
were closely followed.” In the Japanese quality control movement, however,
it was recognized that “operation standards are never perfect. . . . What
operations standards lack, experience covers. In our QC circles we insist
that the circle examine all operation standards, observe how they work,
and amend them. The circle follows the new standards, examines them
again, and repeats the process of amendment, observance, etc. As this pro-
cess is repeated there will be an improvement in technology itself.”

Not so, however, in the United States, where management practice “has
been strongly influenced by the so-called Taylor method.” In the United
States, according to Ishikawa (1985, 151-52), “engineers create work stan-
dards and specifications. Workers merely follow. The trouble with this ap-
proach is that the workers are regarded as machines. Their humanity is
ignored. [Yet] all responsibilities for mistakes and defects were borne by
the workers . . . No wonder the [ZD] movement went astray.”

In the late 1960s and early 1970s, on the eve of the Japanese challenge
to U.S. manufacturing, many American industrial managers began to worry
not so much about the quality of the products they were generating as
about the quality of shop-floor work itself. The alienated worker was fin-
gered as the source of lagging productivity (U.S. Department of Health,
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Education and Welfare 1972; Walton 1979). During the first half of the
1960s, the annual average rate of increase in manufacturing productivity
in the United States had been 5.1 percent while that of manufacturing
wages had been 3.9 percent. But in the second half of the 1960s, when the
annual rate of increase of manufacturing productivity averaged a mere 0.6
percent, manufacturing wages rose at a rate of 5.9 percent (Lazonick 1990,
280-84). Amid an escalation of absenteeism and unauthorized work stop-
pages, the productivity problem sparked a search among U.S. manufactur-
ing companies for new structures of work organization that would secure
the cooperation of shop-floor workers in realigning the relation between
work and pay.

Within the automobile industry, the United Auto Workers joined cor-
porate management in a National Joint Committee to Improve the Quality
of Worklife. The problem was to convince workers that programs of “job
enrichment” and “job enlargement” were not merely new ways to speed
up production and reduce employment. Unfortunately, during the 1970s,
even many promising experiments at work reorganization that had already
yielded significant productivity gains were cut short when middle managers
and first-line supervisors realized that the ultimate success of the programs
would entail a loss of their power in the traditional hierarchically seg-
mented organization (Marglin 1979; Walton 1975; Zimbalist 1975). In-
deed, in general, the more pervasive response to the productivity problem
in American manufacturing in the 1970s was an increase in shop-floor su-
pervision rather than the transformation of work organization. From 1950
to 1970, the number of foremen per 100 workers in American manufactur-
ing increased from 3.4 to 4.8; by 1980, this ratio had shot up to 8.0 (Lich-
tenstein 1989, 166).

During the 1980s, in the face of intense and growing competition from
the Japanese, many companies throughout the United States sought to in-
troduce Japanese-style “quality programs” into their workplaces. In their
comprehensive survey of available case studies of these “experiments in
workplace innovation,” Eileen Appelbaum and Rose Batt found that “U.S.
companies have largely implemented innovations on a piecemeal basis and
that most experiments do not add up to a coherent alternative to [tradi-
tional U.S.] mass production.” They contended that “quality circles and
other parallel structures [of work reorganization] were a ‘fad’ in the early
1980s and have since been discredited in most U.S. applications as either
not sustainable or providing limited results. . . . The overwhelming major-
ity of cases show that firms have introduced modest changes in work or-
ganization, human resource practices, or industrial relations-parallel
structures such as quality circles involving only a few employees, a training
program, or a new compensation system. We consider these to be marginal
changes because they do not change the work system or power structure in
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a fundamental way” (Appelbaum and Batt 1994, 10; see also Cole 1989;
Kochan, Katz, and Mower 1984; Lawler, Ledford, and Mohrman 1989).

The fundamental problem, I would argue, was lack of resolve on the
part of those who governed these corporations to effect the organizational
integration of “hourly” shop-floor workers and “salaried” managerial em-
ployees. What is more, it appears that hierarchical segmentation in U.S.
industrial enterprises fostered functional segmentation. Distant from the
realities of problem solving in the actual production process, U.S. technical
specialists sought to solve problems by using the tools of their own particu-
lar disciplines, putting up barriers to communicating even with other spe-
cialists within the managerial organization, and throwing partially solved
problems “over the wall” into the domains of other functional specialists
(Clark and Fujimoto 1991; Funk 1992; Okimoto and Nishi 1994; West-
ney 1994).

In Japan, by contrast, the hierarchical integration of technical special-
ists in a learning process with production workers created lines of commu-
nication and incentives to solve problems in concert with other specialists.
The result of functional integration for Japanese manufacturers, in com-
parisons with their competitors in the United States, has been not only
superior product quality but also more rapid new product development.

The different ways in which quality control systems were implemented
in Japan and the United States is a demonstration of the disparity in na-
tional organizational learning. In Japan, QC was embedded in the whole
structure of organizational learning. It was, as Nonaka (1995) has put it,
“the responsibility of all employees, including top and middle management
as well as lower-level workers, from planning and design, to production,
marketing, and sales . . . [in] contrast with the American reliance on spe-
cialist quality control inspectors.” Ishikawa (1985, 23) has emphasized the
functional segmentation of American QC inspectors: “In the United States
and Western Europe, great emphasis is placed on professionalism and spe-
cialization. Matters relating to QC therefore become the exclusive preserve
of QC specialists. When questions are raised concerning QC, people be-
longing to other divisions will not answer, they will simply refer the ques-
tions to those who handle QC.

In Western countries, when a QC specialist enters a company, he is
immediately put in the QC division. Eventually he becomes head of a sub-
section, a section, then of the QC division. This system is effective in nur-
turing a specialist, but from the point of view of the entire business organi-
zation, is more likely to produce a person of very limited vision.

For better or for worse, in Japan little emphasis is placed on profession-
alism. When an engineer enters a company, he is rotated among different
divisions, such as design, manufacturing, and QC. At times, some engi-
neers are even placed in the marketing division.
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Factory Automation

In the late 1970s, American manufacturers continued to attribute the mount-
ing Japanese challenge to low wages and the persistent productivity prob-
lem at home to worker alienation. By the 1980s and 1990s, however, the
innovative reality of the Japanese challenge became difficult to ignore, as
the Japanese increased their shares of U.S. markets across a range of key
industries, even as Japanese wage rates rose rapidly and the yen steadily
strengthened.

Even then, there appeared to be a way out for U.S. manufacturers that
did not require imitation of the Japanese way by building broader and
deeper skill bases. Since the 1950s American management had envisioned
the “Factory of the Future”-a completely automated production facility
that would do away with the need to employ production workers alto-
gether (Noble 1984, ch. 4). Yet, notwithstanding massive investments by
U.S. corporations and the U.S. government in factory automation, attempts
by American companies to create the “factory of the future” failed (Noble
1984; Thomas 1994).

In sharp contrast, building on their investments in broad and deep skill
bases, and decades of continuous improvement of production processes,
Japanese companies succeeded in this effort. By the end of 1992, the Japa-
nese had installed about 349,500 robots compared to 47,000 in the United
States and 39,400 in Germany (Tsuneta Yano Memorial Society 1993,
191). The Japanese also developed and utilized flexible manufacturing sys-
tems (FMS): computer-controlled configurations of semi-independent work
stations connected by automated material handling systems-in advance
of, and on a scale that surpassed, other nations (Jaikumar 1989). Japan’s
success in machine tools and factory automation reflected their leadership
in the integration of mechanical and electronic technologies, or what since
the mid-1970s the Japanese have called “mechatronics” (Hunt 1988; Ko-
dama 1995,193).

For example, in his case study of the introduction of FMS at the ma-
chine tool company, Hitachi Seiki, Ramchandran Jaikumar (1989, 126)
found that the first two attempts, undertaken between 1972 and 1980,
had failed because of insufficient coordination across functions. In 1980,
therefore, the company set up the Engineering Administration Department
that “brought together a variety of different functions from machine de-
sign, software engineering, and tool design.” The new structure of organi-
zational learning, which built on the lessons of the previous failures, led to
success. The development teams on the two failed attempts had, according
to Jaikumar (1989, 126),

integrated the different components of their systems through machinery de-
sign rather than through general systems engineering concepts. They had
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viewed flexible manufacturing systems as technical problems to be solved
with technical expertise. The difficulty of evaluating trade-offs when-
ever conflicts arose over design specifications or procedures convinced
Hitachi Seiki that it was problems of coordination among people that was
stymieing systems development. The company realized that what was
needed was to view FMS as a manufacturing problem to be solved with
both manufacturing and technical expertise. Consequently, the third phase
of FMS development at Hitachi Seiki was a radical departure from the
previous two.

In his comparisons of Japanese and U.S. FMS in the first half of the
1980s, Jaikumar found that, even though the FMS installations in both
countries contained similar machines doing similar kinds of work, the Jap-
anese developed the systems in half the time and produced over nine times
as many parts per system. Average annual volumes were about one-seventh
of American practice, with much greater automation and utilization rates.
“Differences in results,” said Jaikumar (1989, 129), “derive mainly from
the extent of the installed base of machinery, the technical literacy of the
work force, and the competence of management. In each of these areas,
Japan is far ahead of the United States.” More specifically, he described
how the Japanese developed the reliability of FMS to achieve untended
(automated) operations and system uptime levels of over 90 percent, in the
process transforming not only shop-floor technology but also the job of a
“shop-floor operator.”

The entire project team remains with the system long after installation,
continually making changes. Learning occurs throughout and is translated
in to  ongoing  process  mas tery  and  product iv i ty  enhancement . . . .  Oper-
ators on the shop floor, highly skilled engineers with multifunctional re-
sponsibilities, make continual programming changes and are responsible
for writing new programs for both parts and systems as a whole. Like de-
signers, they work best in small teams. Most important, Japanese managers
see FMS technology for what it is-flexible-and create operating objec-
tives and protocols that capitalize on this special capability. Not bound
by outdated mass-production assumptions, they view the challenge of flex-
ible manufacturing as automating a job shop, not simply making a mass
production line flexible. The difference in results is enormous. (Jaikumar
1 9 8 9 , 1 3 0 )

Central to factory automation have been teams of highly educated and
highly trained engineers who had mastered their technical specialties but
who were also able and willing to integrate across electronic, mechanical,
and chemical specialties. As stated earlier, that the Japanese could even
consider entry into complex manufacturing industries such as automobiles
and consumer electronics after World War II was because of the learning
that their scientists and engineers had accumulated in the decades before
as well as during the war. But the Japanese experience in hierarchical
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integration of traditional blue-collar workers into the development and uti-
lization of manufacturing technology laid the basis for functional integra-
tion as technology became more and more complex.

The accumulated learning of Japan’s scientists and engineers after the
war was in and of itself no match for the North Americans’. Yet, during
the postwar decades, Japanese scientists and engineers developed and uti-
lized their collective capabilities in manufacturing as part of an organiza-
tional learning process that integrated the capabilities of shop-floor work-
ers in making continuous improvements to the manufacturing process. In
the 1980s and 1990s, this tradition of hierarchical integration played a sig-
nificant role in fostering the functional integration that has been key to
Japan’s success, relative to the United States, in factory automation.

The importance of taking organizational learning to the shop floor also
applies in the semiconductor industry, the most complex and automated
of manufacturing processes. As Daniel Okimoto and Yoshio Nishi (1994,
193) argue in their excellent comparative study of Japanese and U.S. semi-
conductor manufacturing:

Perhaps the most striking feature of Japanese R&D in the semiconductor
industry is the extraordinary degree of communication and “body contact”
that takes place at the various juncture and intersection points in the R&D
processes-from basic research to advanced development, from advanced
development to new product design, from new product design to new pro-
cess technology, from new process technology to factory-site manufacturing,
from manufacturing to marketing, and from marketing to servicing. Owing
to pragmatic organizational innovations, Japanese semiconductor manu-
facturers have excelled-where many American and European manufactur-
ers have faltered-at the seemingly simple but extremely difficult task of
making smooth “hand-offs” at each juncture along the long-interconnected
R&D pipeline.

The key links in this pipeline in Japanese semiconductor R&D are between
divisional labs and factory engineering labs. Engineers from these labs, ac-
cording to Okimoto and Nishi (1994, 195), “continually meet and interact
in seeking to iron out problems that inevitably arise in mass-manufacturing
new products.”

Okimoto and Nishi continue, stressing the importance of the integra-
tion of R&D with manufacturing:

The largest concentration [of engineers] is usually found at the FELs [fac-
tory engineering laboratories], located at factory sites where the messy
problems of mass production have to be worked out. The majority of Japa-
nese engineers have at least some exposure to manufacturing engineering
as part of their job rotation and career training. Not only is there no stigma
attached to manufacturing assignments; the ladder of promotion leading
up to higher reaches of executive management-and beyond (including
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amakudari, or post-career executive entry into new companies)-pass
through jobs that involve hands-on manufacturing experience. It is almost
a requirement for upward career and post-career mobility.

In the United States, by contrast, manufacturing engineers carry the
stigma of being second-class citizens. To the manufacturing engineers falls
the “grubby” work of production-for which they receive lower pay and
lower prestige compared with the “glamorous” design jobs. In how many
U.S. semiconductor companies can it be said that the majority of engineers
are engaged in manufacturing? Few, if any. And, looking at the large num-
ber of merchant semiconductor houses in Silicon Valley, we see that only
a minority even possess manufacturing facilities, much less factory engi-
neering laboratories. (Okimoto and Nishi 1994, 195)

It would appear more generally that, by focusing the skills and efforts
of engineers on continuous improvements in quality and cost in the pro-
duction process, hierarchical integration provided a foundation for func-
tional integration in Japanese manufacturing. If, in the first half of the
1980s, most Western analyses of the sources of Japanese competitive ad-
vantage focused on the integration of the shop-floor worker into the or-
ganizational learning process, over the last decade or so the emphasis
has shifted to the role of “cross-functional management,” “companywide
quality control,” or “concurrent engineering” in generating higher quality,
lower cost products. Much of the discussion of functional integration has
been focused on its role in “new product development” from an interna-
tional comparative perspective (Clark and Fujimoto 1991; Nonaka and
Takeuchi 1995). But, I would argue, the key to understanding the influence
of functional integration on innovation and international competitive ad-
vantage is the integration of product and process development, and the
skill-base strategy that such integration entails (for an insightful compara-
tive analysis of organization integration with suppliers in the Japanese au-
tomobile industry, see Sako 1998). Such an understanding of organiza-
tional integration requires an analysis of functional integration in relation
to the legacy of hierarchical integration or segmentation.

international Competition

If valid, the skill-base hypothesis can reconcile the fact that many U.S. in-
dustrial enterprises still remain innovators in international competition
even though income inequality has become worse in the United States. A
systematic bias of U.S. industrial corporations toward competing for prod-
uct markets by investing in narrow and concentrated skill bases could pro-
vide a significant explanation for the income inequality trends over the last
two decades or so. Testing the skill-base hypothesis may help provide an-
swers to a number of related questions concerning the ways in which, in



72 William Lazonick

particular industries and activities, U.S. industrial corporations have re-
sponded to international competitive challenges:

To what extent have U.S. companies exited from particular industries, and
particular activities within a particular industry, in which they have
been challenged by enterprises that have invested in broader and deeper
skill bases as an alternative to transforming their strategies and struc-
tures to make the requisite investments in organizational learning?

To what extent have the attempts of U.S. companies to respond to these
competitive challenges been hampered by their failure to confront and
transform sufficiently the strategic, functional, and hierarchical seg-
mentation that they have inherited from the past?

What can we learn about the incentive and ability of U.S. companies to
make investments in broader and deeper skill bases by comparing the
strategy, organization, and performance of different companies in
the same industry-for example, Ford, GM, and Chrysler in automo-
biles-that have sought to respond to the same international competi-
tive challenges?

What has been the importance of foreign direct investment-for example,
Japanese “transplants” in the United States-as distinct from interna-
tional trade in shaping the responses of U.S. companies to international
competitive challenges?

What has been distinctive about the investment strategies and organiza-
tional structures of U.S. companies that have become or remained lead-
ers in international competition in the 1980s and 1990s? Did an his-
torical legacy of investments in broader and deeper skill bases, and a
relative absence of organizational segmentation, enable an older com-
pany like Motorola or 3M to continue to make such investments in the
1980s and 1990s, thus representing the exceptions that prove the rule
in U.S. industry? Have newer companies such as Intel and Microsoft
become world leaders through the organizational integration of narrow
and concentrated skill bases?

Such questions indicate that testing the skill-base hypothesis and its
immediate implications requires in-depth research of particular companies
that compete in particular industries in different national economies in dif-
ferent and, typically, over prolonged periods of time. The more limited ob-
jective of this study has been to elaborate the analytical framework for
testing the skill-base hypothesis by synthesizing available evidence on dif-
ferences in organizational learning in industries in which the United States
and Japan compete head-to-head.

What are those industries, and how has competitive advantage been
shifting between the United States and Japan? Tables 2a-c show the struc-
ture of bilateral Japanese-U.S. trade from 1979 to 1995. As useful as these



Table 2a. Japan-U.S. bilateral merchandise trade, 1979, 1987, and 1995
(in millions of current U.S. $)

1979 1987 1995

Exports Imports Exports Imports Exports Imports

Foodstuffs 189.0 4,422.9 404.1 6,778.9 303.4 15,951.4
Raw materials 136.5 6,927.3 167.3 7,039.8 3 8 0 . 9  9 , 3 2 9 . l
Light goods 2,200.6 1,660.7 6,465.5 3,037.6 7,979.4 8,745.8
Chemical goods 6 5 3 . 1  2 , 0 5 3 . 3 2,080.8 4,035.3 4,826.2 7,072.7
Metal goods 3,939.6 481.1 4,101.8 901.0 4,045.l 2,190.4
Machinery 19,008.3 4,310.2 69,493.9 9,075.4 100,182.5 30,515.6

Office machines 679.9 530.1 7,373.7 l,589.9 14,183.7 4,862.5
Electrical

machinery 4,393.3 1,349.9 17,050.1 3,008.9 29,384.8 12,746.4
Transportation

equipment 10,106.4 985.5 32,050.3 1,854.7 32,023.9 5,987.7
Precision

instruments 1,515.9 3 5 7 . 9  4 , 3 2 5 . 0 620.1 6,545.7 1,844.5
Reexports, unclassified 275.4 575.3 866.5 622.5 3,141.4 1,603.0

Total 26,402.5 20,430.8 83,579.9 31,490.5 120,858.9 75,408.1

Table 2b. Percentage of Japan-U.S. trade growth, 1979-1995 (1979 = 100%)

Japanese Exports to United States Exports
United States to Japan

1979 1987 1995 1979 1987 1995

Foodstuffs 100 214 161 100 153 361
Raw materials 100 123 279 100 102 135
Light goods 100 294 363 100 183 527
Chemical goods 100 319 739 100 197 344
Metal goods 100 104 103 100 187 455
Machinery 100 366 527 100 211 708

Office machines 100 1,085 2,086 100 300 917
Electrical

machinery 100 388 669 100 223 944
Transportation

equipment 100 317 317 100 188 608
Precision

instruments 100 285 432 100 173 515
Reexports, unclassified 100 315 1141 100 108 279

Total 100 317 458 100 154 369
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Table 2c. Proportionate shares of Japan-U.S. bilateral merchandise trade, 1979, 1987, and
1995 (percentage of annual bilateral exports)

Japanese Exports to
United States

1979 1987 1995

United States Exports
to Japan

1979 1987 1995

Foodstuffs 0.7 0.5 0.3 21.6 21.5 21.2
Raw materials 0.5 0.2 0.3 33.9 22.4 12.4
Light goods 8 . 3 7.7 6.6 8.1 9.6 11.6
Chemical goods 2.5 2.5 4.0 10.1 12.8 9.4
Metal goods 14.9 4.9 3.3 2.4 2.9 2.9
Machinery 72.0 83.1 82.9 21.1 28.8 40.5

Office machines 2.6 8.8 11.7 2.6 5.0 6.4
Electrical

machinery 16.6 20.4 24.3 6.6 9.6 16.9
Transportation

equipment 38.3 38.3 26.5 4.8 5.9 7 . 9
Precision

instruments 5.7 5.2 5.4 1.8 2.0 2.4
Reexports, unclassified 1 .1 1.0 2.6 2.8 2.0 2.1

Total 100.0 100.0 100.0 100.0 100.0 100.0

Source: Ministry of International Trade and Industry, White paper on international trade [Tokyo: Ministry
of International Trade and Industry), 1980, 1988, 1996.

data are as points of departure, they have important limitations for defining
the comparative case studies needed to test the skill-base hypothesis. The
importance of foreign direct investment, cross-border outsourcing, and
third-country exports means that trade data provide only a partial picture
of shifts in head-to-head competitive advantage. Moreover, as we shall see,
for example, in the category of “aircraft engines and parts,” hidden within
a narrowly defined industrial classification of traded goods, may be impor-
tant international divisions of labor that reflect investments in different
types of skill bases.

In 1995 Japan exported $120.9 billion of goods to the United States
(27.3 percent of all Japanese exports) and imported $75.4 billion from the
United States (22.4 percent of all Japanese imports) for a merchandise trade
surplus of $45.5 billion. The United States is by far Japan’s foremost trade
partner for both exports and imports. Japan’s next-largest trade partners
in 1995 were, for exports, South Korea (7.1 percent of Japan’s total) and,
for imports, China (10.7 percent of the total) (Nikkei Weekly 1997, 107).

Of Japan’s exports to the United States in 1995, 82.9 percent fell under
the broad category of “machinery.” This category included, among the
major classifications, office machines (11.7 percent of all goods exports),
electrical machinery (24.3 percent), transportation equipment (26.5 per-
cent, of which automobiles were 18.3 percent and automobile parts 6.5
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percent), and precision instruments (5.4 percent) (see table 2c). The remain-
der of Japanese exports to the United States consisted largely of chemical
goods (4.0 percent), metal goods (3.3 percent), and light industrial prod-
ucts (6.6 percent).

What did the United States export to Japan? Machinery accounted for
40.5 percent of U.S. exports, consisting mainly of office machines (6.4 per-
cent), electrical machinery (16.9 percent, of which semiconductors and in-
tegrated circuits were 7.1 percent), and transportation equipment (7.9 per-
cent). The remainder of U.S. manufactured exports to Japan consisted
mainly of an assortment of light products (11.6 percent, including textiles,
paper products, records and tapes, and sporting goods) and chemical goods
(9.4 percent). But all manufactured goods only accounted for less than
two-thirds of U.S. exports to Japan. Over one-third of U.S. exports to Japan
in 1995 were either foodstuffs (21.2 percent) or raw materials (12.4 per-
cent). For Japan, foodstuffs and raw materials exports were only 0.6 per-
cent of its total exports to the United States in 1995.

Note that, in the 1970s, as the Japanese challenge mounted, the United
States was even more reliant than it would be in 1995, in relative terms at
least, on exports of foodstuffs and raw materials to Japan. In 1979, 55.5
percent of U.S. exports to Japan took the form of these basic materials. In
that year 65 percent of Japan’s raw materials imports from the United
States were soybeans (5.7 percent of total imports), wood (11.2 percent),
and coal (5.0 percent). By 1995 Japan imported a somewhat larger quan-
tity of soybeans (but the proportion of total imports fell to 1.5 percent),
and absolutely smaller quantities of wood (4.2 percent) and coal (0.9 per-
cent). Hence over the sixteen-year period, the relative importance of food-
stuffs for U.S. exports to Japan was maintained, while the relative, and in
some cases absolute, importance of raw materials declined.

U.S. agriculture is a case in point for the necessity of in-depth, industry-
specific analyses of the sources of sustainable competitive advantage. Look-
ing at the trade data, an economist might conclude that the importance of
raw materials and foodstuffs in U.S. exports to Japan is simply a matter of
very different land-labor ratios in the two nations’ factor endowments. But
to draw such a conclusion would be to miss the critical importance of col-
lective and cumulative learning on a national scale over the past century
in making agriculture the one industrial sector in which the international
competitive advantage of the United States is most sustainable. Such a con-
clusion would neglect a century-long history of organizational learning in
agriculture, akin to the managerial revolution that occurred within major
U.S. industrial corporations. In the agricultural managerial revolution, the
U.S. Department of Agriculture created a national system of research and
development that diffused new technology to millions of farmers through
the state-based activities of land-grant colleges, experiment stations, and
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county agents. Indeed, the legacy of this massive investment in organiza-
tional learning is not only productive supremacy in agriculture but also the
world’s foremost structure of industrial research institutions embedded in
the U.S. system of higher education (Ferleger and Lazonick 1993, 1994).

Note also that the relative importance of machinery exports from Japan
increased substantially in the first eight-year period, while the relative im-
portance of U.S. machinery exports increased from 1979 to 1995, with the
major gains being made in the late 1980s and early 1990s. The United
States made these gains despite the continuing decline of its machine tool
industry in the face of relentless Japanese competition. By 1991, compared
with the U.S. machine tool industry, the value of Japanese machine tool
production was up 356 percent and machine tool exports 443 percent
(Tsuneta Yano Memorial Society 1993, 199). In the 1990s, the Japanese
also successfully challenged the German machine tool manufacturers, sur-
passing them for the first time, in 1992, in the value of production, and in
1993, in the value of exports. Having captured larger and larger shares of
export markets through 1996, Japanese companies now completely domi-
nate the mid-range and high-range markets for CNC (computer numeri-
cally controlled) machine tools. The low-end markets have been left mainly
to Taiwanese companies, and the high-end niches in non-CNC machine
tools remain in the hands of the Swiss, the Germans, and, to a more limited
extent, the Americans (Forrant 2000).

Between 1987 and 1995, the U.S. gains in machinery were mainly in
integrated circuits (up 4.6 percent) and automobiles (up 3.9 percent), these
two categories accounting for almost 75 percent of the increase in U.S.
machinery exports as a proportion of total exports. Within the category of
Japanese transportation-equipment exports, in 1985, 30.2 percent was of
automobiles (3,278,724 vehicles), and auto parts made up another 6.2 per-
cent in 1995, these figures were 18.2 percent (2,066,255 vehicles) and 6.6
percent respectively. The decline in Japanese exports reflected the Japanese
strategy of foreign direct investment in automobiles, either directly in the
United States or in Southeast Asian countries, such as Thailand and Indo-
nesia, that then exported automobiles or parts to the United States. In
1985, Japanese automobile companies produced 254,000 cars and 107,000
trucks in the United States; in 1995, 1,942,000 cars and 414,000 trucks
(Nikkei Weekly 1996, 151). In 1987, the leading U.S. industry within the
transportation-equipment category was aircraft, which represented 5.0 per-
cent of all exports. In 1995, aircraft had declined to 2.6 percent of U.S.
exports to Japan, and had been surpassed by automobiles, which consti-
tuted 4.2 percent of U.S. exports (294,874 vehicles), up from only 0.3 per-
cent (88,395 vehicles) in 1987.

It was mainly Japanese companies operating in the United States that
were doing the exporting. Of just over 100,000 automobiles exported from
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the United States to Japan in 1994, 53,500 were from Honda, USA, and
another 11,300 from Toyota USA. Only about 35 percent of the exports
came from GM, Ford, and Chrysler (some of whose cars were produced
through joint ventures with Japanese companies). The total number of cars
exported to Japan by the three U.S. automakers was less than the number
exported by Volkswagen-Audi and only about 60 percent of the combined
sales of BMW and Mercedes-Benz in Japan. Each of the U.S. companies
was also outsold in Japan by Rover, Opel (owned by GM), and Volvo (Nik-
kei Weekly 1996, 101, 103).

The United States and Japan almost balance trade within the classifica-
tion “aircraft engines and parts” (Almeida 2001). Parts increasingly domi-
nate the trade in aircraft engines, especially from Japan to the United
States. The ability to integrate innovation in advanced materials with preci-
sion engineering has been key to Japan’s growing success. Building on pion-
eering investments in the development of polyacryonitric carbon fiber by
Toray Industries in the 1970s, three Japanese synthetic fiber producers now
dominate 60 percent of the world market (Kodama 1995, 59-60; Nikkei
Weekly 1997, 210; Suzuki 1994). Finding a market at first as a light and
durable material for sports equipment such as tennis rackets and golf clubs,
in the 1980s Japanese-made carbon fiber became a primary composite
material used in both aircraft and engines. For example, Ishikawajima-
Harima Heavy Industries-one of the three major Japanese companies in-
volved in jet engine manufacture-currently produces carbon fiber blades
for jet engines made by General Electric (Glain 1997). Japan’s competitive
advantage in producing these parts that combine advances in chemical and
mechanical engineering would seem to derive from its investments in broad
and deep skill bases.

Organizational integration also appears important in explaining trade
in semiconductors. In 1995, Japanese exports of integrated circuits ac-
counted for 6.2 percent of all Japanese exports to the United States (up
from 1.4 percent in 1987), and hence represented one-quarter of the 1995
electrical machinery exports. This bilateral trade in integrated circuits re-
flects U.S. specialization in microprocessors and Japanese specialization in
dynamic random access memories (DRAMS), an international division of
labor built on investments in different skill bases in the two nations. De-
scribing the “lagged parallel model” of new product development, pio-
neered at Toshiba and subsequently diffused to other Japanese enterprises
as well as U.S.-based Texas Instruments, Okimoto and Nishi (1994, 197-
98) have pointed out that

the lagged parallel project model is effective for work only on certain types
of technology. It works for DRAMS, SRAM [sic], and other commodity
chips, which share highly predictable linear trajectories of technological ad-
vancement. The model is not particularly well suited for products based on
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nonlinear, highly volatile technological trajectories, where the parameters
of research for the next and successive product-generations cannot be un-
derstood ahead of time. Thus, it is not accidental that Japanese companies
have dominated in commodity chips but have lagged behind U.S. companies
in logic chips, microprocessors, and software for applications and operating
systems. The latter may require a different, perhaps less structured, organi-
zational approach.

As for computers, American success in PCs and packaged, standardized
software does not mean that the Japanese have not been successful compet-
itors. U.S. government agencies, including the military, have been buying
supercomputers from the Japanese. The success of a company like Toshiba
in laptop computers reflects Japan’s long-standing success at miniaturiza-
tion, a technological advance that requires the integration of design and
manufacturing. Japan also dominates international competition in liquid
crystal displays (LCDs), a technology invented by RCA in 1967, but devel-
oped from the early 1970s most successfully by the Japanese company
Sharp in a growing number of applications. By 1992, Sharp controlled 38
percent of the world’s rapidly growing market for LCDs (Johnstone 1999,
ch. 3; Kodama 1995, 56-58).

In the United States, there is growing evidence that, even in industries
such as jet engines and medical equipment, the trend in the United States
is out of manufacturing and even design, and into the low-fixed-cost and
highly lucrative business of servicing high-technology equipment (Lazonick
and O’Sullivan 2001b). A recent hostile takeover attempt of Giddings &
Lewis, the largest machine-tool maker in the United States, by another
American company, Harnischfeger, had as its objective the shedding of the
target’s business of manufacturing machine tools for the automotive indus-
try so that the company could focus on servicing installed machinery (Wall
Street Journal 1997). In the end, a “white knight,” the German company,
Thyssen, acquired Giddings, promising to maintain its manufacturing busi-
ness. But the fact is that considerable money can be made by taking a repu-
table manufacturing company and turning it into a servicing company.

Precisely because the United States has been a leader in industries such
as jet engines, medical equipment, and machine tools, the nation has a huge
accumulation of experienced technical specialists, many of whom no longer
have as secure employment with equipment producers as they had in the
past. Some of these people are finding continued employment servicing
the equipment that their companies used to both produce and service. In the
past, they acquired these skills through organizational learning. But their
utilization of these skills today confines them to narrow and concentrated
functions that remove them even farther from the processes of organiza-
tional learning that will drive innovation in the future.

In the absence of indigenous manufacturing capability and organiza-
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tional learning in these industries, where will the next generation of Ameri-
can high-technology service specialists accumulate new state-of-the-art
skills? The U.S. economy has a vast accumulation of high-technology skills
that derives from the organizational learning that took place in managerial
structures over the past century, and on which it can live, and even innovate,
for some time into the future. But, if instead of using this organizational
learning to build broader and deeper skill bases, American businesses move
toward relying on even narrower and more concentrated skill bases, the
trends toward income inequality of the last two decades will continue.

The University and Regional Economic Development

If major U.S. corporations do indeed exhibit a pronounced bias toward
investing in narrow and concentrated skill bases, such investment behavior
poses a problem for regional economic development. Through a combina-
tion of education and employment, people who make up a relatively small
portion of the population will acquire valuable productive capabilities and
be in positions to reap the benefits of economic growth. But a larger and
larger proportion of the population will not acquire such capabilities, and
the remunerative employment of these large numbers of people will not be
sustainable. It also appears that over an ever-widening range of activities
and technologies, sustained competitive advantage is going to those enter-
prises and industries that are investing in broader and deeper skill bases. If
so, then narrow and concentrated learning collectivities may find that the
array of product markets in which they can remain competitive on the basis
of such an investment strategy is shrinking over time. A proliferation of
narrow and concentrated skill bases may not remain capable of generating
innovation, let alone sustainable prosperity.

Much research remains to be done to identify the sources of the grow-
ing inequality of income that Americans have experienced since the 1970s.
But the research that has been done strongly suggests an important cause
of the phenomenon is the failure of U.S. corporations to invest in broad
and deep skill bases in the face of innovative foreign competitors who have.
But why should such an investment bias be systematic across U.S. industrial
corporations? If, as is the case, strategic decision makers of major corpora-
tions have considerable autonomy over how they allocate corporate re-
sources, why is the nation a relevant unit of analysis?

An integral determinant of the investment behavior of U.S. corpora-
tions, in my view, has been the evolution of U.S. social institutions-partic-
ularly financial and educational institutions-in ways that systematize the
bias of U.S. business enterprises against broadening and deepening the col-
lective and cumulative learning processes in which they invest. As Mary
O’Sullivan and I have documented elsewhere, during the 1980s and 1990s
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the U.S. financial system has become increasingly powerful in enforcing
financial liquidity on U.S. corporations, as manifested by downsizing, high
payout ratios, and stock repurchases. These corporations still invest in or-
ganizational learning, but given their stated objective of “maximizing share-
holder value,” they seek to do so by investing in narrow and concentrated
skill bases (Lazonick and O’Sullivan 1996, 2001a).

The structure of the U.S. educational system supports a strategy of in-
vesting in narrow and concentrated skill bases. The United States possesses
a system of higher education that attracts students from around the world.
Indeed, foreign competitors send their graduate students and scientists in
increasing numbers to American universities to bring back home the wealth
of knowledge that these institutions impart through both education and
research. At the same time, however, the primary and secondary schooling
systems in the United States are not providing large segments of the Ameri-
can population with the capacity to take advantage of the nation’s system
of higher education. In international comparisons of achievement levels in
the mass schooling system, especially in math, the United States has not
fared well over the past few decades. The K-12 educational system equips
some Americans to take advantage of the knowledge-creation opportuni-
ties in higher education. But the public system of primary and secondary
education does not adequately prepare most Americans-even many of
those who do attend and graduate from institutions of higher education-
to make productive use of their capabilities and engage in life-long learning.

Within this institutional structure and competitive environment, a tech-
nologically oriented university embedded in a regional industrial economy
can be, depending on its own choice of investment strategy, part of the
problem or part of the solution. From the perspective that I have presented
here, the answer depends on how the university’s activities influence orga-
nizational segmentation or integration. Do the activities of the university
reinforce conditions of organizational segmentation that pose barriers to
regional innovation in international competition? Or do its activities foster
conditions of organizational integration that support new structures of col-
lective and cumulative learning in the regional economy?

In light of the organizational requirements of international competition
that I have outlined in this essay, let us consider which types of activities
would make the university a reinforcer of organizational segmentation or
a catalyst of organizational integration. To draw out the implications of
my analysis of business investment and international competition for the
role of the university in generating sustainable prosperity, I discuss these
issues briefly in terms of the distinctive dimensions of integration and seg-
mentation, hierarchical, functional, and strategic, which determine the col-
lective capability of an organization.
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Hierarchical Integration

In the first decades of this century the system of higher education in the
United States was transformed to channel technical and administrative per-
sonnel into managerial organizations within both the business and state
sector (Ferleger and Lazonick 1994; Noble 1977). This transformation was
central to the process that organizationally segmented managerial employ-
ees from shop-floor workers. Such organizational segmentation is not in-
herent in a reliance on higher education as a pre-employment qualification
for managerial personnel. In corporate Japan, for example, the require-
ments that managerial employees have a university education and shop-
floor employees a high school education only are observed even more
strictly than in the United States (Dore and Sako 1998). In the United
States, however, concomitant to the transformation of higher education to
generate a supply of managerial employees was the transformation of the
production processes of major corporations to exclude shop-floor workers
from the processes of organizational learning (Lazonick 1990; chs. 7-10).

It was this widespread corporate strategy to deskill shop-floor labor
while investing in managerial skill bases that explains the otherwise para-
doxical coexistence in the United States of the world’s leading institutions
of higher education beside a world-lagging system of K-12 public educa-
tion (Ferleger and Mandle 1992, 43, 45-46; Ferleger and Mandle 1994,
tbls. 3-3, 3-4 on 21-22). Notwithstanding the American rhetoric of equal
opportunity, there was no need in the United States to create a system of
uniformly high-quality public education when a substantial proportion of
the population was expected to spend a lifetime performing routinized jobs
devoid of the potential, or even the requirement, for learning. At the same
time, the concentration of collective and cumulative learning in managerial
organizations that were the foundations of American prosperity made it
imperative that resources be allocated at national level to a high-quality
system of higher education.

As I have detailed elsewhere (Ferleger and Lazonick 1993), from the
late nineteenth century, coterminous with the managerial revolution in
American industry, a national system of higher education emerged from a
national strategy to develop technologies critical to the productivity of the
agricultural sector. Initially, the major investments in the new system of
higher education were in the publicly endowed and funded “land-grant”
colleges rather than in the elite “Ivy League” universities. But, especially
after the turn of the century, when corporate enterprises increasingly recog-
nized the importance of the higher education system for supplying both
personnel and research to their organizations, the elite universities trans-
formed themselves to compete for corporate and government support
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on the land-grant model. In the process, by the 1920s and 1930s, higher
education had become a prime route for the social mobility of individuals
within the American economy. In the post-World War II decades, the GI
Bill, the civil rights movement, and the “War on Poverty” helped open this
avenue of mobility to larger and larger proportions of the population.
In the 1950s, 1960s, and even the 1970s, there were growing numbers of
well-paid and stable blue-collar jobs available in the U.S. economy that did
not require any higher education. But if one wanted employment that pro-
vided not only good pay and stability but also learning opportunities and
social status, one had to get a higher education. The numbers of Americans
who went on to higher education expanded enormously in the post-World
War II decades. In 1954 (subsequent to a large increase in enrollments under
the GI Bill), the number of first degrees granted were 129 per 1,000 persons
twenty-three years old; in 1969 (just before a falloff because of the Vietnam
War draft), this number was 289 (U.S. Bureau of the Census 1976, 385).
Between 1980 and 1994, the percentage of high school graduates who en-
rolled in college increased from 49.3 percent to 61.9 percent, even as the
proportion of high school students who failed to graduate dropped from
12.0 percent to 9.5 percent (U.S. Department of Commerce 1996, 176-80).
Over this period, college enrollments in the United States increased from
12.1 million to 14.3 million students, an increase of 18 percent, whereas
the number of public high school graduates declined by 19 percent (U.S.
Department of Commerce 1996, 179, 181).

As it has catered to an ever-growing population of students from diverse
backgrounds and with diverse employment prospects, the quality of the
U.S. system of higher education has become more unequal. This inequality
reflects both the uneven quality of public education across the school dis-
tricts from which different kinds of institutions of higher education drew
their students and the unequal access of students from different socio-
economic backgrounds to institutions of different quality. Institutions of
higher education that drew students from predominantly working-class
school districts had to provide many of these students with “remedial”
education-teaching them what they should have learned, but did not
or could not, learn in high school. This accommodation of the system of
higher education to inequality in high school education has taken some of
the pressure off the K-12 system to upgrade and equalize its quality.

Accompanying the increasing rates of enrollment in higher education
in the 1980s and 1990s has been the decline in the availability of stable
and remunerative blue-collar jobs. If, on the supply side, the quality of
higher education was preparing the larger student body for a lifetime of
collective and cumulative learning, and if, on the demand side, the employ-
ment opportunities to engage in collective and cumulative learning were
expanding in the economy, the concomitant shift out of traditional blue-
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collar work and toward higher education could be laying the foundations
for sustainable prosperity. Unfortunately, in the United States in the 1980s
and 1990s, neither of these conditions held-leaving the institutions of
higher education that are attracting the new enrollees to cope with an un-
tenable situation. These institutions-and UMass Lowell is surely one of
them-are expected to ready an ill-prepared student body for a world of
innovative international competition that the strategic decision makers in
corporate America are trying to avoid. In the absence of a regional, if not
national, strategy, to upgrade public education and a regional, if not na-
tional, strategy to invest in broader and deeper skill bases, such a university
faces an impossible task.

Yet-and here we can see the paradox of the entire U.S. educational
system within many individual institutions of higher education-the same
university can be simultaneously educating small numbers of students who
will be prepared for lifelong learning and large numbers of students for
whom neither their time spent in college nor in future employment will be
a learning experience. The same university that, in order to maintain its
enrollments and income, is forced to allocate most of its resources to remedy-
ing the deficiencies of the national K-12 system, may also possess a wealth
of knowledge, especially in its graduate faculties. Especially in fields where
the university has a history of relevance to industrial innovation, it can be
a highly beneficial resource for students who have the high-quality educa-
tional backgrounds and business enterprises that have made the invest-
ments in innovative capabilities required to absorb this wealth of knowledge.

Not surprisingly, given the quality of the U.S. system of public educa-
tion, growing numbers of these students come from abroad. Between 1980
and 1994, the number of foreign students (“nonresident aliens”) enrolled
at U.S. institutions of higher education increased by 50 percent, with in-
creases in 78 percent of those from Asia and 170 percent of those from
Europe. In 1980, foreign students represented 2.5 percent of all enroll-
ments; in 1994, 3.1 percent. In 1994, 65 percent of foreign students came
from Asia and 14 percent from Europe (U.S. Department of Commerce
1996, 181). And it was predominantly higher degrees that they were after.
Of degrees awarded in higher education in 1993, foreign students ac-
counted for 3.8 percent of the bachelor’s degrees (up from 2.1 percent in
1981), 12.0 percent of masters’ degrees (7.5 percent in 1981), and 27.3
percent of doctoral degrees (12.8 percent in 1981) (U.S. Department of
Commerce 1996; 181, 190, 194).

Without this influx of foreign students, it may well be that many if not
most graduate programs, particularly in engineering and science, could not
survive. Of course, many of these foreign students, upon graduation, remain
in the United States as employees. But their availability makes it all the easier,
and in some industries, even makes it possible, for U.S. corporations to
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choose to invest in narrow and concentrated skill bases. And many of those
who take up employment in the United States eventually return to their
home countries, with high levels of specialist expertise that can then be
integrated into broader and deeper skill bases.

Functional Integration

Even in those areas where the university has the resources to contribute to
industrial innovation, there is reason to believe that the learning that the
university has to impart to the economy has become limited by functional
segmentation. Within enterprises, as already described, functional segmen-
tation poses barriers to the collective and cumulative learning that gener-
ates higher product quality and more rapid product development.

It is more difficult to measure the impacts of functional segmentation
within the university, but it clearly exists. Academic disciplines and subdis-
ciplines have developed their own specialized modes of communication,
fundamental assumptions, and realms of inquiry that create barriers to
the integration of cross-disciplinary knowledge, let alone interdisciplinary
research. Traditional departmental structures and course offerings are vig-
orously defended, the specialized research focus becomes narrower and
narrower over time, and interdisciplinary work is accorded little profes-
sional status. Ensuring the insularity of the particular “domain” of re-
search becomes, in effect, a professional goal.

For faculty members in a functionally segmented intellectual environ-
ment, the most potent source of individual advancement derives from inter-
university labor mobility, or at least the credible threat of such mobility,
rather than from engaging in collective and cumulative learning processes.
And the basis of interuniversity mobility is the approval of the individual
by a small coterie of fellow subdisciplinarians. In the end, the academic
disciplines run the universities; the leading members of their subdisciplines
run the academic disciplines. Specialization runs amok. Integration of spe-
cialized knowledge fades from the academic scene.

As a result, it is very difficult for a university as an organization to set
its own intellectual strategy to engage in organizational learning. But if the
members of the university cannot engage in a collective and cumulative
learning process, how would they have any unique intellectual resources to
contribute to the regional economy to foster sustainable prosperity? In-
deed, in the presence of functional segmentation, when the specialized
knowledge that is generated at the university is relevant to industrial enter-
prises, it is most likely because it reinforces the structures of functional
segmentation within those enterprises. The university-industry relation-
ship may remain a powerful means of developing highly specialized knowl-
edge, but the very access to this knowledge may make it all the less neces-
sary for enterprises to invest in broader and deeper skill bases in order to
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compete. In many cases, moreover, the highly specialized technical and so-
cial knowledge generated in the university may simply be irrelevant to the
regional economy because the narrow and concentrated subdisciplines in
which this knowledge develops are entirely cut off from any technical or
social application.

For those academics who seek to influence regional economic develop-
ment, the challenge is to break down and overcome functional segmenta-
tion within their own organizations. In doing so, they cannot simply bypass
the existing bodies of specialized knowledge. Rather they must understand
thoroughly the intellectual foundations on which this knowledge is built
to probe its strengths and weaknesses. For those who want to engage in
collective and cumulative learning within the university, the critical ques-
tioning of the existing bodies of specialized knowledge, including those
that manifest functional segmentation, is a prelude to the integration of
their own specialized knowledge into a collective and cumulative learning
process. The challenge then is to bring together people who understand the
foundations of existing specialized knowledge, and who have a commit-
ment to organizational learning about the sources of regional economic
development as a major intellectual goal. To set this process in motion re-
quires that the university have a strategy to invest in organizational learn-
ing, which, as in a business enterprise requires the organizational integra-
tion of, and financial commitment to, the specialized division of (in this
case academic) labor to achieve common goals.

Organizational learning must involve the learners in the evolution and
transformation of the subject that they are studying. To contribute to the
sustainable prosperity of the region, academics must motivate, engage in,
and assess the relevance of, their own organizational learning through ex-
posure to the “shop floor”-the producers in their region. The danger is
that academics will offer their functionally segmented knowledge to func-
tionally segmented enterprises. If so, there may well exist a university-
industry symbiosis, but it will be one that is part of the problem rather
than part of the solution. To be part of the solution, academics committed
to regional development must themselves become organizationally inte-
grated into a regional strategy to generate sustainable prosperity.

Strategic Integration

Innovative strategy is a process that allocates resources to collective and
cumulative learning processes. To engage in such strategy, the strategists
must be integrated into the learning processes that they are trying to influ-
ence (O’Sullivan 2000). Academics committed to regional economic devel-
opment are in unique positions to mobilize different constituencies in the
region to engage in collective and cumulative learning processes. How we
as academics become integrated into the processes of regional learning to
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influence regional strategy is, at this stage, what our own organizational
learning is mainly about.
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