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Adoption of Just-in-Time Manufacturing
Methods at U.S.- and Japanese-Owned
Plants: Some Empirical Evidence
Masao Nakamura, Sadao Sakakibara, and Roger Schroeder

Abstract— Since the early 1980’s, when Japanese manufacturing firms in a number of industries—including auto, electronics, and machinery—achieved high levels of international
competitiveness, Japanese manufacturing practices—particularly
those associated with just-in-time manufacturing (JIT)—have
attracted considerable attention in North America. Transfer to
the United States of JIT is characterized by special production
management practices involving inventory and quality control,
industrial relations, and supplier-manufacturer relationships.
Because so many different aspects of plant operation are involved, the transfer of JIT requires a substantial effort on the part
of U.S. manufacturers. Despite this barrier, anecdotal evidence
suggests that substantial transfer of Japanese production methods
has taken place and that this transfer has had a significant impact
on the performance of U.S. manufacturing plants. However,
there is little empirical evidence of this process that is based on
broad samples of plants and workers from various manufacturing
industries. The purpose of this paper is to help fill this gap in the
literature.
Using a sample of U.S.- and Japanese-owned manufacturing
plants in the United States in three different industries, we
show that the implementation of JIT has improved many of the
performance measures for these U.S. manufacturing plants.
Index Terms—Just-in-time manufacturing, manufacturing performance, production management practices.

I. INTRODUCTION

S

OME Japanese manufacturing industries, such as auto,
electronics, and machinery, achieved high levels of international competitiveness in the 1980’s. As a result, their
manufacturing practices, particularly just-in-time (JIT) manufacturing, attracted the attention of North American manufacturers. JIT involves inventory and quality control, industrial
relations, and supplier-manufacturer practices that differ from
traditional North American business practices. Because of
these differences, the transfer of JIT to North America in the

Manuscript received June 1, 1996; revised March 2, 1997. Review of this
manuscript was arranged by Guest Editors J. K. Liker and D. V. Gibson. M.
Nakamura’s work was supported in part by the Social Sciences and Humanities
Research Council of Canada and in part by the Centre for International
Business Studies at the University of British Columbia.
M. Nakamura is with the Faculty of Commerce, University of British
Columbia, Vancouver, B.C. V6T 1Z2 Canada.
S. Sakakibara is with the Faculty of Business and Commerce, Keio
University, Tokyo, Japan.
R. Schroeder is with the Carlson School of Management, University of
Minnesota, Minneapolis, MN 55455 USA.
Publisher Item Identifier S 0018-9391(98)05251-9.

original form developed by Toyota in Japan would have been
difficult.
In comparison with North American management practices,
Japanese business practices tend to emphasize long-term business relationships. This emphasis is particularly evident in
employer-employee relationships and also in interfirm (for
example, supplier-manufacturer) relationships. Long-term relationships are consistent with the economic incentives of
firms, workers, banks, and other participants in the Japanese
business system.1 These long-term Japanese business practices
have evolved as means of increasing the economic efficiency
of firm and internal market operations in the specific context of
the Japanese economy. Some of these practices, if transferred
to the United States, would prove problematic in coping with
external market issues such as individual rights, employment
equity, and antitrust policies [35].
On the one hand, North American firms’ difficulties in
dealing with external market problems and associated legal
restrictions over which they have little control may have impeded North American adoption of certain Japanese business
practices, such as supplier-manufacturer relationships.
On the other hand, U.S. manufacturing firms do have control
over their production methods and, to a lesser degree, the
industrial relations on their own shopfloors. It is Japanese
business practices in these areas that U.S. manufacturing firms
spent substantial amounts of resources in the 1980’s to transplant to their U.S. operations.2 There is anecdotal evidence
that the transfer of Japanese production methods has had a
significant impact on the performance of U.S. manufacturing
plants. There is, however, relatively little empirical evidence
based on a broad sample of plants and workers from various
manufacturing industries. The purpose of this paper is to help
fill in this gap in the literature.3
In this paper, we estimate the impact of JIT practices
on certain key manufacturing performance measures using a
unique data set containing a sample of U.S. plants and their
workers. Our sample covers three manufacturing industries and
1 See,

for example, [2], [3], [35], and [40].
increasing interest in Japanese manufacturing is also reflected in the
manufacturing literature, which addresses Japanese manufacturing methods.
In 1982, only three authors wrote articles on JIT in English [49]. In the last
half of the 1980’s, more than 700 papers discussing JIT were published in
English [22].
3 The only exception is the auto-assembly industry, for which considerable
empirical research has been done. (See, for example, [7], [26], and [30].) Our
sample by design does not include the auto-assembly industry.
2 The
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includes both U.S.-owned plants and Japanese transplants in
the United States. We find that the implementation of JIT
has had a statistically significant positive impact on many
aspects of the performance of both U.S.- and Japanese-owned
manufacturing plants in the United States.
The organization of the rest of the paper is as follows.
The next section (Section II) discusses the practices that
constitute JIT manufacturing as it has been adopted in
the U.S. manufacturing sector. The relationships of these
practices to various performance measures at the plant level
are discussed from a theoretical perspective in Section III.
Our model specifications and hypotheses are discussed
in Section IV. Our data are described in Section V. In
Section VI, we discuss our empirical results. The paper ends
with concluding remarks in Section VII.
II. JAPANESE MANUFACTURING METHODS
In designing its production system in the period from the
late 1950’s to the early 1960’s, Toyota Motor Company
decided that the type of mass-production system employed, for
example, by General Motors (GM) could not be implemented
in Japan because the small Japanese demand for automobiles
would not allow the U.S.-style mass-production system to
achieve the scale economies required for production efficiency.
Toyota instead chose to develop a production system that minimizes the total production cost and achieves scale economies
through the production of many differentiated products on the
same production line.
Toyota perfected the Toyota Production System (also called
the “Kanban” system or JIT system) in the early 1970’s. After
the first oil shock, Toyota emerged as the leading Japanese
auto manufacturer. Toyota disseminated its JIT production
management technology to other Japanese auto makers in the
late 1970’s [41]. By the end of the 1970’s, all Japanese automakers had adopted JIT. In addition, JIT was widely adopted
in various forms by Japanese manufacturers in other industries.
The JIT production system requires that all necessary parts
and/or semifinished products be delivered to where they are
needed, as they are needed, and in the quantities needed. (See,
for example, [32], [41], and [51, ch. 16] for operational aspects
of JIT manufacturing.)
In the Japanese context, JIT is closely tied to Japanese labor-market practices, such as long-term employment
with a strong emphasis on internal labor markets,4 and to
supplier-manufacturer relationships, which involve loose but
effective equity-based connections as exemplified by Japanese
production-based (capital) keiretsu groups.
In the U.S. environment where JIT and other Japanese
production management practices were adopted, there is little
evidence that Japanese-style labor-market practices or capital
4 Internal labor markets are emphasized in Japan via long-term employment
practices, job rotations, multiskilled workers, and knowledge sharing on the
shopfloor. In turn, these factors facilitate investment in firm-specific human
capital. Also, Japanese production-based keiretsu group relationships help
align the incentives of firms in these groups. For example, Toyota and
its suppliers cooperate effectively in new-car development (see [40]). The
Japanese implementation of JIT generally takes advantage of the presence of
these practices.
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keiretsu relationships were also introduced.5 In transferring JIT
to the United States, U.S. manufacturers as well as Japanese
transplants distilled and implemented only those aspects of
JIT that they deemed essential to improving their production
efficiency.6 This has led us to conclude that it is essential
to identify those core practices that make JIT manufacturing
work on the U.S. shopfloor. After our many plant visits and
discussions with plant managers and workers, it became clear
that JIT manufacturing in the United States is reasonably well
characterized by the following JIT core practices:
• setup-time reduction;
• schedule flexibility;
• JIT maintenance;
• specific equipment layout configurations;
• kanban;
• pull system support;
• JIT supplier relationships.
Note that this list does not include any of the production
management or business practices that are peculiar to the
Japanese market and other circumstances in which the original
Toyota system was established. The JIT manufacturing in the
United States to be discussed below refers to this list of core
JIT practices.
In assessing the impact of JIT manufacturing on production
efficiency at either the plant or firm level in the United
States, it is important to recognize that the marginal cost of
implementing some of the core JIT practices is not likely to
be higher than the marginal cost associated with alternative
manufacturing practices (for example, material requirements
planning methods). This is because the costs of JIT and
the alternative manufacturing practices all depend to a large
extent on the utilization of factory labor, and the total cost of
labor does not vary much depending on whether JIT is used.
Compared to alternative production methods, successfully
implemented JIT is typically associated with more extensive
utilization of labor and higher productivity.7
5 Considerable anecdotal evidence exists for this observation. The widespread long-term employment practice of which the Japanese implementation
of JIT takes advantage, and the relative lack of active external labor markets
for midcareer job seekers, have not spread to the United States. Active
downsizing, massive layoffs of workers, and active hiring of experienced
workers in the labor market describe the contemporary U.S. labor market.
More emphasis is placed on outsourcing to cut cost by U.S. manufacturers
and some U.S. assemblers in designing new products. For example, Nippon
Denso participated in Chrysler’s development of the Neon from the early stage
of the product development. It is, nevertheless, unknown whether this is going
to be a long-term pattern for Chrysler’s new product development program.
There is also no evidence that U.S. assemblers and their suppliers have entered
Japanese capital-keiretsu style equity relationships. Such relationships may not
be compatible with the U.S. antitrust regulations either.
6 It is interesting to note that [53] explicitly recommends that Japanese firms
attempt to transplant to their overseas plants only those aspects of JIT that are
essential to their manufacturing operations. This is exactly what some U.S.
corporations have done as well.
7 In this sense, Japanese manufacturing methods may be viewed as methods
that encourage workers to go the “one extra mile.” (This is not, of course,
peculiar to Japanese methods. All so-called good management methods share
this property.) There are different theories that attempt to explain why workers
are motivated to go one extra mile by certain management methods. These
theories include the efficiency wage theory, gift exchange [1], risk sharing
(as explained in [39]), and agency theory (as explained in [37]). Considerable
criticism also exists regarding this speedup characteristic of JIT manufacturing
as implemented in the auto industry. (See, for example, [4] and [43].)
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Nevertheless, there are other sorts of costs required to
implement core JIT practices: worker training, investment in
research and development, and investment in capital equipment. For example, setup-time reduction and new equipment
layout require a redesigning of production equipment. It is
well known that significant portions of Japanese manufacturers’ capital expenditures are allocated to the design and
production of the machinery required for implementing new
JIT production lines.
JIT manufacturing was first transferred successfully to the
United States around 1980 at Kawasaki’s Lincoln, NE, plant,
where JIT manufacturing was applied to production of various
models of motorcycles on a single line. Because the model mix
was made to track the final demand approximately, this JITbased mixed-model production resulted in reduced inventory.
In motorcycle production, JIT allowed inventory turns (defined
by sales/inventory) of about 20 to be achieved, compared with
Figs. 3–5 for the traditional production setting [50], [51].
Since then, JIT has been widely adopted by many U.S.
manufacturing firms. JIT also proved effective at New United
Motor Manufacturing, Inc. (NUMMI), a 50–50 joint venture
between Toyota and GM established in 1983. NUMMI took
over most of the basic production equipment and the factory
itself from GM’s Fremont, CA, plant and implemented the
Toyota Production System. The average number of labor hours
needed to produce a standardized car (i.e., labor hours adjusted
for the type of the car, the type of labor, and other relevant
factors) went down from 29.1 h for the peak production period
under GM management in 1978 to 19.6 h under NUMMI management in 1986 [26], [53]. This productivity gain at NUMMI
was achieved with only a modest amount of new capital
investment to complement the existing production facilities
from the old GM factory. Furthermore, many of the NUMMI
workers are actually former workers of GM’s Fremont plant
who were once among the most militant employees in the
U.S. auto industry.
In addition to the Kawasaki and NUMMI cases noted above,
a number of other examples of successful and unsuccessful applications of JIT to North American and European corporations
have been reported (see, for example, [48]).
Early implementations of JIT in the United States were
achieved despite frequently expressed concerns in the early
1980’s about the applicability of JIT to U.S. manufacturing
because of cultural and other country-specific obstacles (although [49] did point out the applicability of JIT to the United
States). The widely publicized successful implementations of
JIT in the United States, including the two examples noted
above, suggest that the implementation of JIT core practices
in the United States is associated with improved manufacturing
performance in general. The purpose of this paper is to
examine this hypothesis empirically.
III. JIT PRACTICES AND MANUFACTURING
PERFORMANCE CRITERIA
An important principle underlying JIT is eliminating waste
throughout the production system [5], [55]. The waste can
occur, for example, through excess inventories and overly large

lot sizes, both of which can cause unnecessarily long customer
lead times. [8], [49]. References [17] and [50] observed that
simplifying manufacturing processes is an essential step in
eliminating such waste.
We explain below the role of the core JIT practices in
enhancing manufacturing performance.
Setup-time reduction requires the implementation of activities that facilitate the reduction of setup times. The reduction in
setup time provides an economic basis for the implementation
of small lot sizes, which allows plant production to more
closely track customer demand8 [19], [44].
JIT manufacturing requires scheduling of system-wide production plans based on customer-demand information that is
fed into the last part of the assembly line. Such demand-driven
scheduling is made possible by pull system support practices
[20], use of a kanban card system [8], and schedule flexibility
[18]. To achieve JIT manufacturing as a continuous production
system in which one unit is the ideal lot size, equipment layout
must be able to accommodate work cells,9 and the maintenance
of equipment must be largely delegated to shopfloor workers
so that most routine repairs can be carried out immediately
on site as the needs arise. Last, the system-wide nature of
JIT manufacturing requires the establishment of JIT supplier
relationships with suppliers that are able and willing to deliver
the needed quantities of parts as the needs arise and without
any defects.
A. Plant Manufacturing Performance Criteria
Although there are many dimensions of manufacturing plant
performance, the following criteria are widely used. These are
generally believed to be positively correlated with overall firm
performance.
%Downtime measures the average percentage downtime of
machines due to failure during a normal shift. The economic
significance of this variable is that while a machine is down,
there are financial losses from wages that must be paid
despite the stoppage of work and from other ongoing costs.
Since JIT emphasizes maintenance functions on the shopfloor,
implementation of JIT is expected to improve this performance
criterion.
%Passed measures the percentage of products that pass final
inspection without rework. The cost of rework, which is an
indication of quality problems somewhere in the manufacturing process, can be significant. Rework often requires a
separate production line, which must be staffed and must be
linked to inventories of parts and products associated with
the rework function. As discussed below, implementation of
JIT is not possible without achieving a high level of quality
management. In fact, the level of quality usually aspired to
with JIT implementation is zero defects.
8 Toyota reduced its setup time for an 800-ton punch press for the hood and
fender from 2–3 h in 1954 to 15 min in 1965 and then to 3 min in 1970. In
1970, the usual setup time for this type of press machine was thought to be
several hours to a day in the United States.
9 It is of interest to note that the idea of the work cell, which is an
indispensable part of JIT manufacturing, was proposed by an American
engineer, R. E. Flanders, in 1925 [11].
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The following three criteria measure the time performance
of manufacturing. This measure indirectly reflects a company’s
ability to manage quality and other essential functions such as
orders and production runs.
%Shipped measures the percentage of orders that are
shipped on time and hence the degree of customer satisfaction
with on-time product delivery. Poor performance for this
measure may well be associated with dissatisfied customers
who may easily be lost to competitors. Such losses are
reflected in declining sales. Because of the pull property
of JIT manufacturing, propagation of a random shock to
one part of a JIT system is less likely to be magnified into
a major disturbance in other parts of the system. However,
implementation of a JIT system also requires more predictable
time estimates for the delivery of orders.
Cycle time measures the average total time in days from the
receipt of raw materials until a customer receives the product,
and hence reflects the overall efficiency of the production
system, including inventory management and supplier and
delivery operations. JIT manufacturing practices generally
reduce the waiting (idle) time for raw materials and for
semifinished and finished products in the production system.
Such waiting time arises because of, for example, inventory
and poor quality. For this reason, JIT manufacturing practices
are thought to be effective for reducing cycle time.
Lead time measures the average time in days from the
receipt of each order until the product is shipped, and hence
measures the effectiveness of the production system in responding to a new order as well as in managing the production
time. The pull nature as well as other characteristics of the JIT
system are considered effective for reducing lead time.
Inv, defined as the ratio between total inventory and sales,
measures the dollar amount of capital tied to inventories
relative to the amount of sales. A reduction in inventory,
if achieved without adversely affecting other performance
criteria, is tantamount to freeing up capital tied up without
a productive purpose, and hence is a very appealing goal. JIT
practices are consistent with maintaining low plant inventory
levels.
For manufacturing industries with significant numbers of
repetitive operations, plant performance is likely to have
a direct impact on these plant manufacturing performance
criteria.10 However, it is not likely that all of these performance
criteria will receive equal priority from firm management. In
fact, it is most likely that the weights attached to these criteria
will vary from one manufacturing plant to another within the
same company. This sort of variation in the degree of importance attached to different performance criteria often reflects
differing strategic objectives. Given this sort of variation in
the weights attached to different plant-performance criteria, the
portion of the variation in the performance criteria that can be
explained by systematic factors such as JIT manufacturing is
expected to be small. (Note that our sample of plants in this

10 Cycle time is also an important performance measure for new-product
development. For example, [21] finds that, on average, companies lose 33%
of after-tax profit when they ship new products six months late, as compared
with losses of 3.5% when they overspend 50% on product development.
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study does not contain multiple plants from the same firm, and
hence does not capture intrafirm variations.)
IV. OUR MODEL SPECIFICATIONS AND HYPOTHESES
The objective of this study is to obtain numerical estimates for the impact of JIT and some other production
management policy variables on the plant-level manufacturing
performance measures discussed above. The most important
policy variables in this study are the following dummy variables representing the state of JIT practice at a plant: 1) a
dummy variable set equal to one if core JIT practices are
implemented with limited scope (limited JIT) in a plant and 2)
a dummy set equal to one if core JIT practices are implemented
on a plant-wide basis (full JIT). More specifically, limited
JIT describes a situation in which all core JIT practices are
implemented for some but not all operations and/or products
produced in the plant. On the other hand, full JIT describes
a situation in which the plant has implemented all core JIT
practices for all relevant operations and product lines. As
discussed above, these JIT dummy variables are believed to be
positively related to plant-performance criteria. Therefore, our
primary hypothesis to be tested in this study is the following.
Hypothesis: JIT practices improve manufacturing performance.
Even though we have a priori reasons to believe that the
introduction of a limited JIT operation will improve plant
performance, this hypothesis must be verified empirically.
Since most plants start their JIT manufacturing with a limited
scope (i.e., limited JIT) before moving to a full JIT operation,
it is of considerable practical interest to verify empirically
that limited JIT improves plant performance even before full
JIT operation is introduced. For this reason, we include both
limited and full JIT dummies in our specifications.
In addition to the JIT policy dummies, there are some other
production management policy variables that may affect the
performance criteria. Even though our primary interest in this
study is to measure the effects of the JIT policy dummies,
it is important to control for the effects of other measurable
factors that may have important effects on plant performance.
There are theoretical reasons to believe that these plant policy
variables are correlated with the implementation of JIT. Thus,
omitting these variables would result in biased coefficients
estimates because the regression error term would include the
effects of these (omitted) variables.11
We include the policy control variables for quality management practices, worker training for multitasks, implementation
of machine breakdown charts, and a team approach. These
variables are discussed below.
1) Quality Practices and JIT: The importance of quality
management (QM) practices for the successful implementation
of JIT has been recognized since the outset of the introduction
of JIT to the United States in the early 1980’s. QM is defined
as an integrated approach to achieving and sustaining highquality output, focusing on the maintenance and continuous
11 We thank a referee for pointing out the omitted variable issue in the
context of our model. See [33] and [34] for the econometric issues related to
this type of specification error.
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improvement of processes and defect prevention at all levels
and in all functions of the organization, in order to meet or
exceed customer expectations [13].
There is extensive literature on the importance of QM to
JIT manufacturing (for example, [32] and [49]). Reference [21]
notes that QM practices provide support for JIT by establishing
control over the manufacturing process. This control facilitates
the unhampered flow of goods through the production process
and allows buffer inventory reduction [56]. The JIT focus on
inventory reduction readily exposes QM problems that are due
to manufacturing process problems [9], [57]. Also, QM provides accurate and timely feedback about the manufacturing
process, permitting shopfloor personnel to detect, diagnose,
and remedy process problems as they occur. Both JIT and
QM require the cooperation, coordination, and integration of
many different functions within the organization [49].
Yet, the empirical evidence for the relationships between
manufacturing performance and JIT and QM practices is
scarce. We discuss below how, within our research framework, QM practices enter our empirical specifications for
manufacturing performance.
We note that there is a fundamental conceptual difference
between JIT and QM practices. On the one hand, JIT practices,
as originally proposed, explicitly strive to reduce total direct
and indirect production cost, as well as the opportunity costs
attributable to the loss of customers due to poor product or
delivery quality. JIT inventory control, for example, aims to
maintain the inventory level at close to zero, with an immediate
objective of reducing the capital tied to the inventories.
On the other hand, at least some QM practices are implemented by firms without considering their effects on cost. For
example, there is anecdotal evidence that some firms have
focused excessively on quality product design and customer
satisfaction, both of which are important QM practices, to
the extent that the total financial cost of their activities has
become a concern to firm management. Although certain
statistical quality-control methods such as sampling inspection,
sequential tests, and Taguchi methods [51] account for cost
explicitly, the connection between modern QM practices of
the sort we discuss here and plant or firm performance is not
well established. Reference [24] states:
A vigorous debate centers on a fundamental question
of corporate management: Is total quality management
a fad, or a fundamentally better way of managing economic resources and competing globally? The problem
is that the obvious response is “yes” nearly as often as it
is “no.” Both sides tend to refer to the debate as though
the data have been collected and analyzed, and their view
supported . . . we have been unable to uncover a single
piece of research that we could describe as empirical.
There are lots of anecdotal stories and case studies, but
no empirical studies.
Using their own estimates, Jarrell and Easton [24] conclude
that firm market value is not worsened by adoption of total
quality management.
QM involves a few relatively simple concepts and an amorphous array of peripheral associated practices [9]. Following

the analysis of our data and discussions with the managers
of the plants we visited, we concluded that the following
three quality management practices generally constitute the
core of QM at U.S. plants: statistical process control, product
design, and customer focus. These core QM practices are
briefly discussed below.
To operate a production process reliably, regardless of a
fluctuating manufacturing environment, process quality control
requires mechanisms for statistical process control as well as
foolproof and self-inspection. The use of statistical process
control by employees would provide them with incentives to
deal with early signals of potentially damaging equipment failure. (Previous research shows that self-provided information is
positively related to performance [23], [52].) Early detection
of equipment failure would allow preventive maintenance to
take place [15]. Designing quality into the product, rather than
inspecting defects out, is a primary tool of QM. As much as
80% of all product failure is estimated to result from product
design defects [10]. Customers, as the ultimate judge of a
plant’s quality performance, can provide valuable inputs into
product design by expressing what they need and want. They
can also provide feedback about the quality performance of
the plant’s production process. This customer focus can be
achieved, for example, by including customers as members
of product design teams [50] and by setting up a customer
review board to test and evaluate products from the customers’
perspective [16].
We define a plant policy variable, quality, representing
the state of QM implementation at a plant. This dummy
variable is set equal to one if all three core QM practices
are implemented for all product/operation lines, and set equal
to zero otherwise. We hypothesize that, after controlling for
the effects of the JIT practices on manufacturing performance, the quality dummy may have at most limited power
for explaining the plant manufacturing performance. This is
because, for the reasons discussed above, the JIT practices
by definition are likely to be more closely (and positively)
correlated with overall manufacturing performance than the
QM practices.12
2) Other Shopfloor Practices: Successful JIT implementation is also thought to require the implementation of certain
shopfloor practices that facilitate the JIT practices. In this
category, we include the following variables for which we have
data: multitask training, a team approach, and the presence of
machine breakdown charts.
JIT emphasizes workers’ multitask abilities. For example,
JIT production often utilizes work cells requiring multiskilled
workers. Preventive maintenance of equipment by production
staff also requires workers to become familiar with both
production and maintenance tasks.
Teamwork and group problem solving are an integral part
of JIT manufacturing. The aim is to achieve decentralized
12 Using the same data base as ours, Flynn et al. [13] empirically analyze the
statistical relationship between the core JIT and QM practices. Their results,
based on canonical correlations, show positive correlation between these two
sets of practices and some evidence of the direction of (statistical) causality
from JIT to QM practices. For example, setup and lot size reductions, among
other JIT practices, may force quality levels to improve, after controlling for
performance. This implies that JIT cannot succeed without QM.
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decision making. Among other things, decentralization
is believed to be useful for dealing with certain types
of uncertainty [6], [14].
One of the innovative aspects of JIT manufacturing is
the associated information flow pattern: a horizontal flow
rather than the vertical (hierarchical) flow typical of traditional material requirements planning systems [2]. One of the
implications of this horizontal flow is that process as well as
quality information is collected at the source, where immediate
problem-solving action can be taken [28]. Breakdown charts,
which display information on machine breakdown frequency,
are often a part of this sort of setup.
3) Transplant and Industry Dummies: There is interest in
how the national identity of a firm (U.S. versus Japanese in this
paper) and industry affects the results of JIT adoption. Therefore, we include Japanese transplant and industry dummies in
our specifications. In contrast to our research, most published
research on the comparison between Japanese transplants and
U.S. plants focuses on the Japanese-style shopfloor practices
themselves and does not relate them to plant performance.
Furthermore, many studies are based on case studies of some
selected firms, limiting the general applicability of the research
findings.
In this study, we focus on three industries: machinery,
electronics, and auto parts (but not auto assembly because
considerable empirical research already exists for that industry). Using a broad sample of manufacturing plants, our
objective is to test whether JIT manufacturing has improved
U.S. manufacturing performance.
Some studies suggest more successful implementation of
JIT and other Japanese manufacturing practices at Japanese
transplants compared to U.S.-owned plants. In the empirical
section of this paper, we pay special attention to this issue.
In summary, the specification of our model is as follows.
Multiple manufacturing performance measures are the dependent variables. The explanatory variables of primary interest
are the JIT policy dummies. QM and other shopfloor practice
variables are included as control variables. It should be pointed
out that we do not deal with the interactions among different
types of policy variables such as JIT, QM, and other industrial
relations variables.13 Nor do we deal with the directions of
causality among these different types of plant manufacturing
policies.
V. DATA
Our sample consists of 40 plants that were operational
in 1989 in the U.S. machinery, electronics, and auto parts
industries. No large integrated or diversified assembler firms
(such as the Big Three auto makers, General Electric, and
IBM) are included. Of the 40 sampled plants, 27 are U.S.
owned, while 13 are owned by Japanese firms. Of the U.S.owned plants in our sample, 15 are viewed as being progressive and world class (as defined by [50]), while the
remaining 12 plants are regarded as traditional U.S.-owned
manufacturing plants. All plants were selected at random
from master lists of plants with at least 100 employees. The
13 Such

interactions are discussed, for example, in [47].
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master lists for U.S. traditional and world-class plants, and for
Japanese transplants, were created using, respectively, Dun’s
Industrial Guide: the Metalworking Directory, Schonberger’s
Honor Roll, and a Japan External Trade organization list of
Japanese transplants in the United States.14 In the estimated
equations, we do not distinguish between U.S. owned plants
that are classified as traditional and those that are classified as
world class. However, having these different types of U.S.
plants (as well as the Japanese transplants) represented in
our sample should contribute to the generality of the results
obtained.
The manager of each plant in our sample appointed a plant
research coordinator who became responsible for selecting
workers and supervisors at random from the entire plant,
distributing the managerial questionnaires to the appropriate
respondents, and collecting the questionnaires. The questionnaires for managers contain questions about the plant itself,
including plant performance. The data for our performance
measures and the plant policy variables (limited JIT, full JIT,
and QM dummies) were acquired in this way.15
The questionnaires distributed to workers and supervisors
also include perception variables. Workers’ perception variables are scaled as follows: one for “I strongly disagree” to
five for “I strongly agree.” In this study, three perception
variables are included as explanatory variables. The data
for these variables are the ratings given by the randomly
selected workers and supervisors to the following statements:
1) employees in this plant receive training to perform multiple
tasks (multitask), 2) promotion implies team participation and
experiences with the firm (team), and 3) charts plotting the
frequency of machine breakdowns are posted on the shopfloor
(breakdown charts). Though plant management usually has
stated policies regarding these issues, workers and supervisory
personnel may not necessarily perceive these policies to be
effectively implemented on the shopfloor. Our perception
variables allow for possible differences in perspective between
workers and management. Tables II and III in the Appendix
give descriptive statistics for our data as well as the number
of usable questionnaires returned. (See [12], [13], and [46] for
further details on our data and their use in empirical operations
management research.)

14 The selected plants were directly contacted, and those that agreed to
be surveyed were included in the sample. The few plants that declined to be
surveyed were replaced by plants of the same type that agreed to be surveyed.
A significant amount of time was spent explaining our questionnaires to
managers of the sample plants during our visits to many plants in the sample
and also by telephone conversations for a few sample plants that we did not
visit. Hence, we have not experienced the problem of low response rate.
15 In this paper, managers’ understanding of QM and JIT practices determines the quality of our dummy variables representing the status of quality
management and JIT practices. Our QM dummy is set equal to one if the core
QM practices (statistical process control, product design, and customer focus)
are all practiced for all plant product lines. Full JIT dummy is set equal to
one if the core JIT practices are all implemented for all the products being
produced at the plant. Limited JIT dummy is set equal to one if the core
JIT practices are all implemented for some but not all of the products being
produced at the plant. We spent a considerable amount of time explaining the
definition of each of the QM and JIT practices to plant managers. It is our
estimate that the majority of the sample plant managers have understood these
definitions in responding to our questionnaires.
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OTHER VARIABLES ON PLANT PERFORMANCE MEASURES

VI. EMPIRICAL RESULTS
A. Determinants of Plant Performance
Our performance measures for assessing a plant’s manufacturing operations are:
1) average percentage downtime of machines due to failure
during normal shifts (%downtime);
2) percentage of products that pass final inspection without
rework (%passed);
3) percentage of orders that are shipped on time
(%shipped);
4) average total cycle time measured in days from the
receipt of raw materials until a customer receives the
product (cycle time);
5) average lead time measured in days from the receipt of
each order until the product is shipped (lead time);
6) ratio of total inventory to sales (inv) (as described in
Section III).

For the types of manufacturing industries where Japanese
manufacturing methods are thought to be effective, these plant
performance measures are important indicators of overall firm
performance. (In this paper, economic tradeoffs associated
with these performance measures considering firms’ overall
optimization processes are not discussed. The variation in
weights attached to different performance measures among
firms is likely to add noise to our estimation task.)
The plant performance measures defined above are regressed on a plant manufacturing policy variable, plant dummies, and industry dummies.
The plant manufacturing policy dummy variables that are
included are: 1) a dummy variable equal to one if JIT is
implemented on a limited scope (limited JIT), 2) a dummy
variable equal to one if plant-wide JIT is implemented (full
JIT) (as described in Section IX), and 3) a dummy variable
equal to one if quality management practices are implemented
(QM) (as described in Section IX).
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Our estimation results are presented in Table I. The policy
variables of primary interest, full JIT and limited JIT, are
often statistically significant and have the expected signs.
This result suggests that the implementation of JIT generally
leads to significant improvements in various plant performance
measures. In the equations where both limited and full JIT
are significant (the equations for %downtime, cycle time, and
lead time), the coefficients of full JIT are consistently larger in
magnitude than the coefficients for limited JIT. This is what
might be expected if JIT improves plant performance.16
Implementation of quality management is found to decrease
%downtime and increase %shipment. In fact, the estimated
effect of QM on the latter is larger in magnitude and more
significant than the effects of both limited and full JIT.
(Implementing QM increases %shipment by 25.7%, while
implementing limited JIT increases %shipment by 10.4%,
and the associated coefficient for full JIT is not significantly
different from zero. The quality dummy is significant at a 1%
level, while limited JIT is significant only at a 10% level.)
One possible reason for the importance of QM for %shipment
is that %shipment (%orders that are shipped on time) affects
customer satisfaction, which is also closely related to QM.
(In fact, a customer focus is necessary for the QM dummy to
be one.) In contrast, the primary connection of the core JIT
practices to customers is via the demand for the plant’s final
product, which is attributable to product performance. Thus,
the quality dummy seems to contain certain information that
is not contained by the JIT practice dummies.17
Neither the multitask nor the team variables seem to have
statistically significant effects on the performance measures
after controlling for JIT and quality management. On the other
hand, having breakdown charts seems to significantly increase
%passed and %shipped and seems to significantly reduce cycle
time. However, the improvements for the breakdown charts
are smaller than the improvements for the JIT dummies. The
breakdown charts are used for inducing workers’ cooperation
in improving quality by providing them with relevant and easyto-understand information on the existing quality problems.
The high value of this variable is believed to reflect success
in inducing workers’ cooperation on the shopfloor. While
this cooperation is thought to be important for successful
implementation of JIT, our JIT dummies are not expected
to fully capture the effects of workers’ perceptions and the
success of information exchange mechanisms. We believe that
this omission is the reason why our breakdown chart variable
is such an important determinant of some of our performance
measures even after controlling for JIT practices.
The Japanese transplant dummy is significant in the equation
for INV. Specifically, the inventory-to-sales ratios are 5.4%
16 Regressions

were also run without limited JIT dummy. The results were
similar with full JIT dummy absorbing some of the effects of the limited JIT
dummy variable. This underscores the importance of controlling for limited
JIT practice in our specifications. In particular, our specifications allow us to
observe the degree of usefulness of implementing limited JIT.
17 We also ran regressions with interaction terms between full JIT and QM
dummies. The interaction terms are often significant with expected signs but
do not increase the explanatory power of the regressions significantly. More
research is clearly needed to identify the mechanisms by which JIT and QM
practices interact.
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less for Japanese transplants than for U.S.-owned plants. This
difference may reflect Japanese firms’ emphasis on carrying as
little inventory as possible and is consistent with earlier findings that Japanese manufacturers tend to carry less inventory
than U.S. manufacturers [38].
For the remaining performance measures, we have found
little evidence that Japanese transplants are superior to U.S.owned plants. The finding that, on average, the Japanese
transplants are not superior to the U.S.-owned plants in several
of our performance measures is new. Also, there is little
existing empirical evidence comparing transplants and U.S.owned plants on a broad range of performance measures such
as the ones being considered here.18 This is particularly true for
manufacturing industries. The exception is the auto-assembly
industry, for which there is empirical evidence of this sort.
Since our sample does not include auto-assembly plants, our
results complement the existing empirical evidence for that
industry.
The behavior of the transplant dummy in our regression
equations is also consistent with the descriptive statistics for
our sample. Our descriptive statistics show that the performance measures for the Japanese transplants are not better
than those for the U.S.-owned plants in our sample that satisfy
Schonberger’s [50] criteria for world-class manufacturers. [See
Table II for mean values for our performance measures for all
the transplants as well as world-class plants á la Schonberger,
and for the rest of U.S.-owned (“traditional”) plants].
It is also interesting to note that the average after-tax
profitability of Japanese manufacturing transplants in manufacturing industries located in the United States has been low
(close to zero) compared to Japanese transplants in other parts
of the world, particularly Asia (see [36] and [40]). Furthermore, a U.S. government study confirms that the profitability
of Japanese transplants in the United States is low compared
to domestic U.S. firms’ profitability [27]. Our performance
measures for Japanese transplants seem consistent with these
existing findings.19 There is considerable variation in plant
performance measures for the three industries included in
our sample: machinery, electronics parts (omitted category
in Table I), and auto parts. The industry dummies account
for these industry differences. In particular, these dummies
account for intrinsic differences among the three industries,
which lead to different industry standards. Compared to the
U.S. electronics industry, the machinery industry performs
poorly in the areas of %passed, %shipped, and inv, while the
auto parts industry performs better in cycle time but poorly in
%downtime and %shipment.
While our results suggest that JIT practices are effective
in improving a wide range of performance measures for
18 The auto-assembly industry is the only exception where there is both
anecdotal and some systematic empirical evidence suggesting an improvement
in the manufacturing performance for the Big Three in such areas as
development time, quality, labor hours, and cost of production as a result
of adopting JIT and other Japanese practices [26] and [29].
19 One potentially important practical issue yet to be investigated is why
Japanese transplants’ low inventory levels compared to those of U.S. plants
do not lead to better plant performance by transplants. One possible reason
may be that their first-tier suppliers carry more than optimal inventories. This
is possible given the difficulty Japanese firms are having in establishing their
supplier networks. We thank a referee for bringing this issue up to us.
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USABLE QUESTIONNAIRES RETURNED

manufacturing plants in the United States, they also raise some
interesting questions regarding the different roles JIT, quality
management, and breakdown charts play in determining U.S.
manufacturing performance.
VII. CONCLUDING REMARKS
Toyota disseminated its just-in-time production system to
other Japanese firms in the late 1970’s [41]. JIT was quickly

adopted by Japanese manufacturers, not just in the auto
industry but in other manufacturing industries as well. Starting
in the early 1980’s, there was a massive transfer of JIT
production methods from Japanese to U.S. manufacturers. This
transfer took place in various forms. It began with Japanese
transplants and joint ventures involving U.S. and Japanese
firms. Then, many U.S. firms independently began adopting
JIT.

NAKAMURA et al.: ADOPTION OF JIT METHODS

It is particularly noteworthy that U.S. firms expressed relatively little concern about potentially country-culture-specific
aspects of JIT while pouring massive efforts into establishing
their own JIT production systems. This strategy may have
resulted from the relatively transparent nature of the JIT
approach, which made it more feasible for corporations outside
of Japan to develop their own custom-fit JIT systems.
There is considerable anecdotal evidence that adoption of
JIT has improved certain measures of manufacturing performance in the auto-assembly industry in the United States. This
does not imply, however, that JIT has improved performance
in other U.S. manufacturing industries; and empirical evidence
on this issue has been lacking.
In this paper, we provide empirical evidence based on a
broad sample of U.S. manufacturing plants in the machinery,
electronics, and auto parts industries that JIT can indeed
improve six measures of manufacturing plant performance.
These six measures capture different aspects of manufacturing
performance, and there is no a priori reason why adoption of
JIT would necessarily be effective in improving any one of
them.
JIT practices, however, are not uniformly effective in improving our six performance measures. In particular, JIT is
only marginally effective in improving the percentage of orders
that are shipped on time (%shipment). Quality management
practices are much more effective in improving this performance measure than JIT. We have argued that the customer
focus aspects (for example, achieving customer satisfaction) of
QM may be the relevant QM factors for improving %shipment.
The dummy variable for breakdown charts, interpreted
as a worker perception variable representing the voluntary
transmission of equipment repair requirement information on
the shopfloor, is also found to be related to improved values
for three of the six performance measures, after controlling
for JIT, QM, and other variables.
The findings of this study suggest that while JIT practices
play an integral role in improving manufacturing performance,
JIT alone will not result in optimal plant performance. QM
practices emphasizing customer focus and satisfaction, and
mechanisms for facilitating workers’ shopfloor communication, such as breakdown charts, are also necessary.
We have found significant differences in performance by
industry, but we are unable to provide consistent explanations
for the observed industry differences.
Last, we have found that Japanese transplants are not
generally superior to U.S.-owned plants with respect to our
performance measures. That is, Japanese transplants have no
discernible performance advantage over U.S. plants, controlling for JIT preparation. This finding is consistent with the
existing evidence that Japanese transplants in the United States
are not profitable compared to U.S. domestic firms. However,
inventory levels for the transplants are better than those for
U.S.-owned plants.
APPENDIX
See Tables II and III.
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