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Just-in-time: A cross-sectional plant analysis
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Abstract

This paper uses a data base of quantitative and qualitative plant-level cross-sectional data to analyze the relative
performance of Just-in-time (JIT) and non-JIT plants operating in two distinct manufacturing industries: electronic
components and auto-parts. A number of conjectures made by the literature concerning the relationship between JIT
manufacturing and plant inventory holdings, costs and pro"ts are tested. Consistent with many of these conjectures, the
results suggest that JIT manufacturing at the plant level is associated with greater productivity in inventory usage, lower
total and variable costs, but not "xed costs, and higher pro"ts. The success of JIT plants along these dimensions is found
to be related to the length of experience with JIT manufacturing, and process quality and leanness but unrelated to
product quality, quality control or the extent of plant unionization. ( 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

It often is asserted that Just-in-time (JIT) manu-
facturing is associated with greater plant productiv-
ity, improved quality of processes and products,
lower costs, and higher pro"ts.1 Beyond qualitative
survey data, however, there is very little cor-
roborating quantitative evidence. This paper uses
a Canadian data base of plant-level cross-sectional
quantitative and qualitative data to analyze the
relative performance of JIT and non-JIT plants
operating in two distinct manufacturing industries:

*Corresponding author. Tel.: #1-212-998-0059; fax: #1-
212-995-4230.

E-mail address: jcallen@stern.nyu.edu (J.L. Callen)
1For a review of JIT manufacturing, see [1].

electronic components and auto-parts. Auto-parts
and electronic components manufacturing indus-
tries were targeted for this study (a) because of the
relatively large number of plants in these industries
that have adopted JIT and (b) because these JIT
plants co-exist and compete in the same geographic
area with a fairly large number of non-JIT plants.

With the successful implementation of JIT
systems by many Japanese manufacturers begin-
ning in the 1950s [2], JIT began to receive increas-
ing attention in North America during the 1980s in
the professional and popular presses. Hoping to
emulate the apparent Japanese successes, growing
numbers of North American manufacturers have
attempted to incorporate JIT concepts in their
manufacturing facilities [3].

Skeptics have questioned whether JIT can be
transplanted e!ectively into the North American
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2For example, Hall [8] describes the di$culty of Kanban
adoption in the US where workers often feel that the card system
is `sillya.

3They attribute this to customer bargaining power. The "rm's
ability to #ow-through JIT savings to ROA is limited by the
extent of customer ability to appropriate the gains from JIT
adoption.

4There are relatively few empirical plant level studies in the
JIT literature. Exceptions include Flynn et al. [13] and Brox and
Fader [14,15]. The relevance of the former study for our analysis
is discussed further below. The Brox and Fader [14,15] studies
are not directly relevant. They estimate mixed CES-Translog
cost functions for auto-parts and electronic components manu-
facturing plants and "nd that some of the input elasticities of
substitution di!er signi"cantly between JIT and non-JIT plants.

manufacturing milieu because of the substantive
di!erences between North American and Japanese
cultures and business behaviors [4}7].2 Even the
apparent successes of the Japanese experience have
been challenged [9].

The extant empirical assessment of the North
American experience to date is mixed. In his survey
of 1035 US "rms that had adopted JIT techniques,
White [10] reports that 86.4% of respondents in-
dicated that JIT provides an overall net bene"t to
their organization, regardless of size or type of
process employed. Most "rms report increased
product quality, productivity, and e$ciency, along
with improved communication and signi"cant
reductions in costs and waste. Huson and Nanda
[11] analyze a sample of 55 "rms that publicly
disclosed adoption of JIT production. Pooling time
series and cross-sectional observations of these JIT
"rms with corresponding SIC industry averages,
they estimate a simultaneous equations model of
manufacturing performance by three-stage least
squares. The estimated coe$cients suggest that JIT
implementation increases inventory turnover, unit
manufacturing costs, and earnings per share, while
reducing the number of employees and operating
margins per sales dollar. Balakrishnan et al. [12]
analyze a sample of 46 "rms that publicly disclosed
adoption of JIT production. Using a matched pair
sample of non-JIT "rms, they "nd no signi"cant
di!erences in inventory utilization for the two sam-
ples prior to JIT adoption. JIT "rms, however,
show superior utilization of overall and work-in-
process inventories relative to their control "rm
counterparts after adopting JIT production. Never-
theless, they "nd that these bene"ts by and large do
not translate into signi"cant Return on Asset
(ROA) changes.3

The evidence provided by these studies is prob-
lematic, however. The White study is based entirely
on survey data. The Huson and Nanda [11] and

Balakrishnan et al. [12] studies are based on "rm
level rather than plant level data. Moreover, neither
of these two studies limit their sample to "rms
composed entirely or even primarily of JIT plants.4
In one example, a "rm labeled JIT by Balakrishnan
et al. [12] is composed of 3 JIT plants and 9 non-
JIT plants.

The de"nition of a JIT "rm di!ers signi"cantly
across these studies and this is problematic as well.
White [10] de"nes a JIT organization as one that
has implemented at least one of the ten JIT man-
agement practices (quality circles, total quality con-
trol, kanban, and so on) identi"ed in [16]. Thus,
a "rm employing one technique, which does not
signify extensive JIT usage, is included in the same
sample as a "rm using all ten techniques. Huson
and Nanda [11] classify "rms as JIT adopters
based on a search of news extracts from leading
newspapers, supplemented by anecdotal evidence
and trade journal case studies of JIT implementa-
tion. Balakrishnan et al. [12] classify "rms as JIT
adopters based on the "rms' public disclosure of
JIT production in their annual "nancial reports
and on improvement of inventory utilization as
measured by balance sheet data. News extracts and
annual "nancial reports, however, provide only an-
ecdotal evidence that JIT adoption is a signi"cant
and material event that could a!ect overall "rm
performance.

In what follows, Section 2 describes the strengths
and weaknesses of our data base. Section 3 de-
scribes the data collection procedure and the
sample pro"le. Section 4 provides some descriptive
data and univariate test results. Section 5 is the
heart of the paper. It uses a multivariate regression
framework to test hypotheses concerning the rela-
tionship between JIT manufacturing and inventory
usage, costs and pro"ts using quantitative and
qualitative plant level data. Section 6 concludes the
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5 It could be argued that instead of just two groups, plants lie
along a continuum of JIT characteristics. Unfortunately, the
nature of the data collected does not permit us to adequately
explore this approach.

6See the technical de"nition in Section 3.2 below.

7Auto-parts manufacturing plants in the sample (4-digit SIC
code) produce such products as plastic blow molded compo-
nents, stamping and welded assemblies, "lters, electroplated and
heat treated parts, and tubing. The electronic components
manufacturing plants in the sample (3-digit SIC code) produce
items such as capacitors, resistors, printed circuit boards, and
LCDs.

8Huson and Nanda [11], for example, use observations from
15 2-digit SIC codes.

9These data are disclosed to the federal government and then
published in aggregate form. There is no requirement that the
data be disclosed publicly at the plant or even "rm level and, in
fact, they are not.

paper. The survey instrument used to obtain the
data is included in an appendix.

2. Characteristics of the data base

The data base utilized in this study has four distin-
guishing characteristics. First, the data are at the
plant level rather than the "rm level. This distinction
is important because a multi-plant "rm will not
necessarily adopt JIT in all or even most of its plants.
Even when the plant is JIT, it is important to know
when JIT was "rst implemented. As shown below,
experience with the JIT philosophy may be an im-
portant determinant of e!ectiveness. Multi-plant
"rms are known to implement JIT in di!erent years
in di!erent plants. For example, in our sample, two
electronics plants that belong to the same "rm im-
plemented JIT in di!erent years, one in 1985 and the
other in 1987. Obviously, this distinction is meaning-
less if JIT is de"ned at the "rm level. Furthermore,
the relationship between the manufacturing process
and JIT becomes blurred at the "rm level, because
"rms with more than one plant typically employ
a mix of processes, especially if the "rm operates in
more than one industry [10,17].

Second, in order to identify signi"cant di!erences
between JIT and non-JIT plants, it is important to
be able to classify plants as belonging to one of
these two groups.5 This is not necessarily straight-
forward, nor is it entirely helpful that a "rm or
plant de"nes itself as JIT. For example, if one plant
uses only one component of the JIT philosophy
(and refers to itself as JIT) while another plant
adopts a global implementation of JIT, putting
both in the same technological group induces het-
erogeneity within the sample. Therefore, a second
distinguishing characteristic of the data base is that
it allows for a meaningful classi"cation of plants
into JIT non-JIT categories. Speci"cally, we classify
a plant as JIT if it has been established that it is
a global JIT user.6

Third, to minimize product heterogeneity con-
cerns and yet allow for the analysis of industry}JIT
interactions, the data base includes observations
from two industries only: auto-parts and electronic
components manufacturing.7 This is in contrast to
other studies that analyze a diverse set of indus-
tries.8

Fourth, the plants in this study are situated
in the same geographic location, thereby minimiz-
ing the noise induced by cross-sectional di!erences
in input prices and freight charges. Thus, di!er-
ences in inventory and production costs can be
ascribed more readily to the JIT technology. In
particular, all plants in the sample reside in South-
ern Ontario, Canada, between Windsor and
Oshawa.

Along with these four strengths, the data base
has two major weaknesses. First, the data are
cross-sectional in nature. This necessarily limits
the questions one can ask. For example, unlike
Balakrishnan et al. [12], we are unable to compare
directly the "nancial position of a given "rm (plant)
before and after JIT adoption. Nevertheless,
some indirect time series inferences can be made
because the data base does include some quantitat-
ive as well as qualitative data about the success
of JIT adoption along a number of dimensions.
Second, the "nancial data obtained from these
privately owned plants are limited primarily to
#ow data such as annual cost, production and
sales revenue data whose disclosure is mandated
by the federal Canadian government.9 Balance
sheet data were not available so that no mea-
sures of incremental investment could be
computed.
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10The initial contacts also provided names of other plants in
the area.

11One could infer from the telephone conversation that sev-
eral of these "rms were in "nancial distress. This raises the issue
of potential sample selection bias. Unlike the Flynn et al. [13]
study, however, we did not limit our sample to successful "rms.
In fact, at least one of the JIT plants in our sample went
bankrupt subsequently.

12Three "rms did not return the survey after agreeing to
participate. These responses were promised in follow up tele-
phone conversations, but never received.

13All amounts reported are in 1990 Canadian dollars.
14Their "ndings are consistent with a broader de"nition of

JIT as in the following quotation:

`JIT is a philosophy of manufacturing based on planned elimina-
tion of all waste and continuous improvement of productivity. It
encompasses the successful execution of all manufacturing activ-
ities required to produce a xnal product, from design engineering
to delivery and including all stages of conversion from raw material
onward. The primary elements include having only the required
inventory when needed; to improve quality to zero defects; to
reduce lead time by reducing setup times, queue length, and lot
size; to incrementally revise the operations themselves; and to
accomplish these things at minimum costa. American Production
and Inventory Control Society ([18], p. 24).

3. Data collection and sample pro5le

3.1. Data collection

The Automotive Parts Manufacturers' Associ-
ation (APMA) is Canada's national association
representing producers of parts, equipment, tools,
supplies, and services for the auto industry. This
organization publishes an annual directory that is
the guide to the Canadian auto-parts industry.
Plants were selected for contact from this directory
based on geographical proximity to Toronto.
Lacking a similar centralized source for the elec-
tronic components manufacturers, these plants
were identi"ed using the yellow pages for towns
close to Toronto.10

Besides geographic proximity, to be included in
the study, each plant had to be an autonomous
pro"t center with pricing determined by market
conditions. In this way, transfer pricing was not an
issue. Plants also were required to have at least 50
employees. In addition, care was taken (within the
constraints imposed by data accessibility) to bal-
ance the mix of JIT plants and non-JIT plants in
any given sub-industry so that no one sub-industry
classi"cation dominated either the JIT or non-JIT
categories. For example, the proportion of plants
producing printed circuit boards is similar in the
two categories.

Plants were contacted by telephone and then
visited when participation in the study was accep-
ted. Of the 132 "rms contacted initially, 29 (22%)
declined to participate. Six "rms (21% of telephone
refusals) declined to participate because they were
`. . . reorganizing and restructuringa. All six were
non-JIT auto parts manufacturing plants.11 The
remaining "rms declined to be interviewed because
they `did not have timea or `were not interested in
participatinga. Of the 103 "rms (78% of all "rms

contacted) that agreed to the interview, 100 (or
97%) actually completed the survey.12

Two sorts of data were collected: 1990 quantitat-
ive "nancial data and production related qualitat-
ive survey data. The "nancial data set contains the
information mandated by the Canadian govern-
ment in its annual Census of Manufacturing. We
felt that more plants would participate in the study
if most of the quantitative data were readily avail-
able and to some extent non-proprietary. In fact, it
was made quite clear by many of the plant man-
agers that no other purely quantitative data would
be forthcoming. These annual 1990 "nancial data
include: total revenues, annual production valued
at retail, annual production valued at cost, begin-
ning and ending inventories of work-in-process,
"nished goods, and fuel, direct materials at cost,
fuel consumption at cost, book value of machinery
and equipment manufactured by own labor force
for own use, book value of new construction, depre-
ciation, rental expense, interest expenses on inven-
tory and capital, as well as employment } broken
into average number employed and average hourly
rate of pay for employees in manufacturing and
administration, along with gross salaries paid.13

The 1990 production survey data include data on
plant production practices and on 17 JIT and Total
Quality Management (TQM) characteristics. These
17 JIT-TQM characteristics are rooted in the "nd-
ings by Flynn et al. [13] indicating that JIT tech-
niques interact with and are di$cult distinguish
from common infrastructure and TQM practices.14
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15Because data were collected for 1990, a plant that had
started JIT implementation in 1990 was classi"ed as non-JIT
due to start-up and change-over problems. This re-classi"cation
a!ected only one plant.

16According to plant managers, there was no external pres-
sure by customers to force adoption of JIT. Since the adoption
of a new technology can be risky, a number of plants may have
adopted JIT simultaneously after observing the successful
adoption by industry leaders.

In addition, the survey also elicited responses about
the success of JIT implementation. Answers were
obtained to questions such as, `By what percentage
has worker #exibility improved since JIT imple-
mentationa, and, `By what percentage have defect
rates been reduced?a

Interviews took place with either the plant
manager or production manager. Occasionally, an
owner/CEO was interviewed instead. In most cases,
a brief tour of production facilities was arranged.
The survey then was either completed on the spot,
or left in the hands of the manager who typically
would "ll in the production information, and then
send it to the accounting department for comple-
tion of the "nancial data.

3.2. Classixcation of plants

In order to be classi"ed as a JIT user, the plant
had to employ a global JIT philosophy. Initially,
plant (production) managers were asked in the sur-
vey instrument to classify their plant as JIT or
non-JIT based on a narrow de"nition of JIT. This
narrow de"nition emphasized the stockless produc-
tion aspect of JIT and de"ned JIT as `a system of
manufacturing in which materials, parts and com-
ponents are produced and delivered just before
they are needed . . . . The goal of JIT production is
to come as close as possible to the concept of ideal
} or zero inventory } productiona. Plants that were
classi"ed by their plant managers as non-JIT on the
basis of this narrow de"nition were in fact deemed
to be non-JIT and no JIT-TQM data were col-
lected from them. Plants that were classi"ed by
their plant managers as JIT on the basis of this
de"nition and had adopted JIT for at least one
full year were further tested for global JIT use,
utilizing the JIT-TQM data from the production
survey.

Participants were asked to indicate the extent of
their use of each of the 17 techniques (e.g., Kanban
system of production control, quality circles, mar-
ket-paced "nal assembly rate, preventive mainten-
ance program) using a "ve point Likert scale where
5"always used and 1"never used. A sum of 85
indicates that the plant utilizes all 17 techniques all
of the time. A sum of 17 indicates that the plant
never uses any of the listed JIT-TQM techniques.

For purposes of this study, a plant was classi"ed
JIT if the plant manager classi"ed the plant as JIT
based on the narrow JIT de"nition and if both of the
following two criteria were satis"ed: (1) a sum of 51
or greater was scored on the survey indicating that
on average the plant uses all JIT techniques half the
time (a score of 3 per technique) and (2) the plant
uses two-thirds of the techniques at least half of the
time. These criteria help to insure } but do not
guarantee } that JIT was both broadly applied and
intensively used by each of the sample JIT "rms.15

Of the 61 survey responses from the auto-parts
manufacturing plants, 19 plants declared themsel-
ves to be non-JIT. Of the remaining 42 plants,
3 were reclassi"ed as non-JIT on the basis of the
above criteria, resulting in a "nal sample of 39 JIT
and 22 non-JIT auto-parts manufacturers. Of the
39 electronics plants that agreed to participate, 21
declared themselves JIT users with no need for
reclassi"cation because these plants satis"ed both
criteria for global JIT use. Thus, the "nal sample of
electronics manufacturers consists of 21 JIT plants
and 18 non-JIT plants. Panel A of Table 1 summar-
izes the "nal sample.

The year of JIT adoption by these plants is
relatively homogeneous. Panel B of Table 1 pres-
ents the temporal distribution of JIT adoptions:
85% of the JIT plants in the sample adopted JIT
in the three years prior to 1990, with over 46%
adopting in 1988.16

4. Descriptive statistics and univariate results

4.1. Tables and tests

Panels A and B of Table 2 provide summary
statistics on a number of plant characteristics for
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Table 1
Sample description

Panel A: Plant typology

Electronics Auto-parts Total

JIT 21 39 60
non-JIT 18 22 40
Total 39 61 100

Panel B: Temporal distribution of JIT adoptions

Year of
adoption

Electronics Auto-parts Total

1985 1 2 3
1986 3 3 6
1987 6 4 10
1988 8 20 28
1989 3 10 13
Total 21 39 60

each of the auto-parts and electronic components
industries, respectively. The t-statistic in these
tables test the equality of the means between JIT
and non-JIT plants. The non-parametric Wilcoxon
z-statistic test the equality of the medians.

4.2. Size

Size is said to be a potentially important factor in
the success of JIT adoptions. In particular, the
argument often is made that the implementation of
JIT manufacturing practices is di$cult for small
manufacturing organization because of the lack of
su$cient in#uence over suppliers to schedule ship-
ments, or the inability to a!ord JIT due to high
initial costs [19}21]. The market value of output
produced by plants in 1990 is used as a proxy
for size. Based on the t-statistics and Wilcoxon
z-statistics of panels A and B of Table 2, JIT plants
are signi"cantly larger than non-JIT plants in the
auto-parts industry. There are no signi"cant size
di!erences between JIT and non-JIT plants in
the electronic components industry.

4.3. International

Plants whose "rms own additional production
facilities outside of Canada are de"ned to be inter-

national. We felt that such plants are likely to have
access to cheaper direct materials and, therefore,
might have a di!erent cost structure from non-
international plants. Electronics plants are much
more likely to be international than auto-parts
plants. Twenty-six out of 39 electronics plants de-
clared themselves to be international as compared
to only 20 out of the 61 auto-parts plants. Panels
A and B of Table 2 show that there are no signi"-
cant di!erences on the international dimension be-
tween JIT and non-JIT plants in either industry.

4.4. Unionization

Like the international dimension, there is a sig-
ni"cant industry di!erence with respect to worker
unionization but it too is unrelated to JIT. In par-
ticular, auto-parts workers are much more likely to
be unionized than are electronics workers.

At least in theory, unionization could a!ect the
success of JIT implementation. Non-union em-
ployees are more likely to enjoy #exible work
arrangements, merit-based promotion rules, and
formal performance appraisals [22]. This has led
many to argue that the presence of unions is an
obstacle to successful JIT implementation. There is,
however, very little empirical evidence regarding
the validity of this argument [7,23].

4.5. Number of manufacturing and
non-manufacturing workers

The number of workers employed directly in
manufacturing is signi"cantly greater for JIT plants
than non-JIT plants in the auto-parts industry
but not signi"cantly di!erent in the electronics
industry.

The JIT dichotomy is not signi"cant for non-
manufacturing workers in both of the industries.
Not surprisingly, however, there is a strong indus-
try e!ect. The number of non-manufacturing
workers in electronics (plant median of 21) is signif-
icantly greater than in auto-parts (plant median of
44). This undoubtedly stems from the more techno-
logically advanced nature of electronic components
manufacturing and the consequent need for more
support sta!.
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Table 2
Descriptive statistics comparing JIT and non-JIT plants

Item Sample Mean
(Median)

Min Max t-statistic
(p-value)

Wilcoxon
(p-value)

A. Auto-parts industry

Size JIT 26.7 4.5 70.3
(23.4) 1.78 2.50

non-JIT 19.4 3.4 63.4 (0.08) (0.01)
(13.9)

International JIT 0.38 0.00 1
(0) 1.30 1.24

non-JIT 0.23 1 (0.20) (0.22)
(0)

Union JIT 4 1 5
(5) 0.08 0.14

non-JIT 4 1 5 (0.93) (0.88)
(5)

No. of
mfg. workers

JIT 277 44 677
(256) 1.80 2.28

non-JIT 207 42 639 (0.08) (0.02)
(170)

No. of
non-mfg. workers

JIT 30 6 128
(22) 0.99 1.58

non-JIT 25 6 107 (0.33) (0.11)
(19)

B. Electronics industry

Size JIT 31.7 7.2 113.0
(26.3) 0.91 0.97

non-JIT 25.4 5.3 84.0 (0.37) (0.33)
(20.8)

International JIT 0.71 0.00 1
(1) 0.66 0.66

non-JIT 0.61 1 (0.51) (0.51)
(1)

Union JIT 2.38 1 5
(1) 0.62 0.51

non-JIT 2.78 1 5 (0.54) (0.61)
(1)

No. of
mfg. workers

JIT 267 43 594
(290) 0.14 0.65

non-JIt 261 41 393 (0.89) (0.52)
(251)

No. of
non-mfg. workers

JIT 73 10 322
(50) 0.79 0.97

non-JIT 55 11 212 (0.43) (0.33)
(35)

Notes: The t and Wilcoxon statistics test for the equality of means and medians, respectively.
Size is measured by the value of annual production at retail prices.
International is a dummy variable taking on the value one if the plant's "rm owns production facilities outside of Canada.
;nion measures the extent to which unionized workers are employed in the plant based on a "ve point Likert scale.
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Table 3
Techniques used in JIT plants by industry

JIT-TQM techniques used Means (and Std. dev.) on a "ve point scale
(5"always used, 1"never used)

s2 test of industry
di!erences auto vs elect.

Mean (All) Mean (Auto) Mean (Elec.)

Kanban 2.97 (1.15) 2.82 (1.02) 3.23 (1.34) (More Elec.) 17.85 (4)"
Integrated product design 2.61 (1.28) 3.03 (1.22) 1.86 (1.01) (More Auto) 13.51 (4)"
Integrated suppliers network 3.13 (1.13) 2.64 (0.99) 4.05 (0.74) (More Elect) 24.36 (4)"
Plan to reduce setup time 2.67 (0.84) 2.34 (0.72) 3.09 (0.89) N/S
Quality circles 2.72 (1.12) 2.26 (0.75) 3.57 (1.21) (More Elect) 24.17 (4)"
Focused factory 2.55 (1.16) 2.84 (1.25) 2.00 (0.71) (More Auto) 12.47 (4)!
Preventive maint. programs 4.20 (0.48) 4.17 (0.39) 4.24 (0.62) N/S
Line balancing 3.25 (0.77) 3.18 (0.60) 3.38 (1.02) (More Elect) 17.05 (4)!
Education about JIT 1.93 (0.66) 1.97 (0.63) 1.86 (0.72) N/S
Level schedules 3.12 (1.08) 3.46 (1.05) 2.48 (0.81) (More Auto) 21.34 (4)"
Stable cycle rates 3.05 (0.79) 3.05 (0.72) 3.05 (0.92) N/S
Market-paced "nal assembly 3.31 (0.91) 3.36 (0.93) 3.23 (0.89) N/S
Group technology 2.50 (0.85) 2.18 (0.60) 3.09 (0.94) (More Elect) 16.28 (4)!
Program to improve quality (product) 4.81 (0.39) 4.82 (0.39) 4.81 (0.40) N/S
Program to improve quality (process) 4.82 (0.39) 4.84 (0.37) 4.76 (0.43) N/S
Fast inventory transportation system 4.00 (0.69) 4.03 (0.67) 3.95 (0.74) N/S
Flexibility of worker's skill 2.51 (0.70) 2.25 (0.59) 3.00 (0.63) (More Elect) 16.40 (4)"

Note: Figures in the brackets represent standard deviation and degrees of freedom in the s2 column.
N/S: Industry di!erences are not signi"cant.
!Signi"cant at the 5% level.
"Signi"cant at the 1% level.

4.6. JIT-TQM techniques

Table 3 lists the mean responses regarding the 17
JIT-TQM techniques employed to classify JIT
plants. Each characteristic was measured on a "ve
point Likert scale from `always useda to `never
useda. It is noteworthy that 8 of the 17 JIT-TQM
measures had median scores of less than 3.0; on
average, JIT "rms used more than half of the tech-
niques less than half of the time. Moreover, on
average, only four measures are used more than
75% of the time. In order of usage, these are:
(1) `programs to improve process qualitya"4.82,
(2) `programs to improve product qualitya"4.81,
(3) `preventative maintenance programsa "4.20,
and (4) `fast inventory transportation systemsa
(e.g., automated materials-handling systems)"
4.00. The "rst three measures are the essence of the
TQM philosophy while the fourth is not necessarily
particular to JIT. Consistent with Flynn et al. [13],
these results suggest that what is important in con-
trolling production in a JIT plant is not necessarily

JIT inventory control techniques per se but rather
TQM techniques which often are an integral part of
JIT manufacturing.

There are industry di!erences here as well.
Auto-parts manufacturers utilize more integrated
product design, focused factory, and level schedules
(signi"cant di!erences based on a s2 test) than do
electronics "rms. On the other hand, electronics
plants use more kanban, integrated suppliers net-
work, line balancing, group technology and #exibil-
ity of worker skill, than auto-parts plants.

The di!erences between the two industries are
likely due to di!erences in the products produced
and the human relations/labor relations environ-
ment. For example, group technology is practiced
by electronics plants about half of the time (mean of
3.09). The move to group technology may reduce
labor requirements but the remaining workers
must be more #exible. The fact that electronics
plants emphasize worker #exibility much more
than auto-parts plants is, therefore, not surprising
given the higher unionization of auto-parts plants
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17Other bene"ts also were listed by many respondents. These
include enhanced leadership skills, better communications be-
tween departments, less work in progress, and better delivery
compliance.

18The data for Quality Circles might be tainted. The term
`Quality Circlea was seemingly ambiguous in that `continuous
improvementa often was written in.

in the sample. In unionized shops, workers tend to
have rigid job descriptions and tend to be less
#exible. As far as the products produced are con-
cerned, electronics "rms usually require a large
number of materials and parts from suppliers (thus,
the high use of integrated supplier networks), while
auto-parts plants, by de"nition, are suppliers for
an auto assembler and typically will have fewer
suppliers.

The minimal emphasis placed on JIT education
appears somewhat surprising. One should remem-
ber, however, that the plants in the sample already
had their JIT systems in place for at least one full
year and workers' education occurs mostly before
or during the implementation period.

4.7. Reported production improvements resulting
from JIT

JIT respondents were asked to estimate the
extent to which JIT had improved eleven aspects
of their production environment using a six point
Likert scale.17 The results in Table 4 provide quali-
tative evidence that positive improvements were
experienced by both industries as a direct result of
JIT.18 For auto parts, the biggest improvement by
far is in `defect rate reductiona at a mean score of
4.79 (about 40% improvement) while this is the
second largest improvement for electronics with
a score of 3.05 (about a 15% improvement). Some-
what surprisingly, materials and "nished goods
inventories reductions are fairly modest for both
auto parts (about 1% and 4%) and electronics
(about 8% and 4%).

Many of the (signi"cant) industry di!erences
concerning improvements are fairly intuitive.
Auto-parts plants report an average improvement
of over 50% for scrap and defects reductions as
compared to an improvement of only 6}10% and
11}20% in the same categories reported by elec-

tronics plants. On the other hand, electronics
plants report an average lead time improvement
of between 21% and 50% as compared to only
an average minimal improvement of between 1%
and 5% reported by auto-parts plants. More
surprisingly, auto-parts plants experienced no
improvement (mean of less than 0.5) or minimal
improvement (mean between 0.5 to 1.5) in four
categories: setup time, lead time, material inven-
tory, and workers skill, as compared to above
minimal improvement reported for all categories
by electronics plants.

Both industries report signi"cant improvements
in quality, number of defects, and production pro-
cess improvements. Electronics plants also report
signi"cant improvements in lead time while auto-
parts plants report major reductions in scrap.
Gains from reduced inventories are less signi"cant
but are consistent, nevertheless, with those obtained
by Balakrishnan et al. [12] (Table 3). Speci"cally,
reductions of production materials inventories
from 1% to 5% for auto-parts and from 11% to
20% for electronics are reported. As for "nal goods
inventories, reductions of 6% to 10% in auto-parts
and 1% to 5% in electronics are also reported.

It is worth noting that worker skills in the auto-
parts supply industry did not become signi"cantly
more #exible as a result of JIT (a mean of only 0.38).
This is consistent with a notion that worker #exibil-
ity is not important (or not possible) for auto-parts
plants.

5. Multivariate regression results

5.1. Hypotheses

It often is asserted that JIT manufacturing is asso-
ciated with greater plant productivity, improved
quality of processes and products, lower costs, and
higher pro"ts. The primary purpose of this section is
to test a number of these claims using the quantitat-
ive and qualitative data described above in a multi-
variate regression framework. These hypotheses can
be arranged into three distinct categories; namely,
hypotheses involving inventory utilization, hypothe-
ses involving plant pro"tability and hypotheses in-
volving production costs.
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Table 4
Improvements since JIT implementation

Means (and Std. dev.) on a six point scale (5"more than 50%; 4"21}50%;
3"11}20%; 2"6}10%; 1"1}5%; 0"no improvement)

Mean (Auto) Mean (Elec) s2 test results auto vs
electronics

Setup times reduced by 0.64 (0.87) 2.57 (1.32) 28.21 (5)"
Automation increased by 2.28 (0.83) 2.00 (0.95) N/S
Quality control increased by 3.08 (0.35) 3.04 (0.67) 7.73 (2)!
Scrap reduced by 4.74 (0.55) 2.00 (0.55) 54.72 (4)"
Defect rate reduced by 4.79 (0.47) 3.05 (0.74) 42.87 (3)"
Lead times reduced by 1.18 (0.64) 3.76 (0.94) 45.93 (5)"
Materials inventory reduced by 0.97 (0.96) 2.66 (0.97) 32.24 (4)"
Workers #exibility increased by 0.34 (0.75) 2.52 (0.81) 39.86 (4)"
Final good Inventory reduced by 1.82 (0.91) 1.81 (0.93) N/S
Production process improved by 3.79 (0.57) 2.52 (0.75) 31.50 (4)"
Product returns reduced by 2.25 (1.16) 1.85 (0.57) N/S

Note: Figures in the brackets represent standard deviation or degrees of freedom in the s2 column.
N/S: Industry di!erences are not signi"cant.
!Signi"cant at the 5% level.
"Signi"cant at the 1% level.

5.2. Inventory utilization

JIT by its very nature is designed to reduce work-
in-process and "nished goods inventories. By or-
dering raw materials and components to demand
and by producing to demand, the JIT philosophy is
geared to minimizing both inventory types. This
leads to the following hypotheses expressed in the
alternative form:

(H1) JIT plants hold less work-in-process and "n-
ished goods inventories than do non-JIT
plants.

It is claimed that JIT is especially e!ective in an
environment where the quality of production is
deemed important because quality minimizes the
need for bu!er stocks both in production and to
satisfy ultimate demand. Although measured qual-
ity performance results could not be obtained from
the plants in our sample, plant managers were
asked to rate the importance of quality and on-time
delivery in evaluating the performance of their
manufacturing system using a "ve point Likert scale.
Intuition suggests that the more important is quality
in evaluating the plant's performance, the more

likely it is that the plant will have higher quality
performance in fact. This in turn implies less need for
bu!er stocks. Similarly, the more important is on-
time performance in evaluating the plant's perfor-
mance, the more likely it is that the plant will have
better on-time performance in fact. This in turn
implies a greater need for bu!er stocks in order not
to run out of product when required. These consid-
erations lead to the following hypothesis:

(H2) Plants that perceive quality and/or on-time
delivery to be more important in evaluating
performance, hold less work-in-process and
"nished goods inventories.

The two inventory-related hypotheses developed
thus far involve both JIT and non-JIT "rms. The
remaining inventory-related hypotheses concern
the subsample of JIT "rms only. Speci"cally, it is
well known from the literature on `learning by
doinga that experience with new manufacturing
technologies can be an important determinant of
plant cost structure [24]. Since one of the major cost
savings purported to be a consequence of JIT is the
reduced investment in inventories, one should expect
inventory usage in a JIT plant to be inversely related
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19 In addition to principle components analysis (orthogonal
factors), we also tried oblique rotation of the factor solution with
very similar results.

20The regressions were also run with an alternative dummy
variable de"nition for JIT type. The results were qualitatively
similar. Nevertheless, the multi-valued qualitative JIT variable
typically yields more signi"cant coe$cients than does the
dummy variable de"nition. Both regressors could not be run
simultaneously because they are highly correlated.

21All regressions in this paper are Ordinary Least Squares.

to the length of JIT manufacturing experience. This
consideration leads to the next hypothesis.

(H3) Plants that have more experience with JIT,
hold less work-in-process and "nished goods
inventories.

If the JIT philosophy yields a truly e!ective manu-
facturing system, then those plants that claim to
have been successful in exploiting the JIT manufac-
turing philosophy should show reduced inventories,
lower costs and higher pro"ts by comparison to
plants less successful at adapting the JIT philosophy.
The survey instrument includes questions concern-
ing eleven potential improvements arising out of JIT
adoption } see Section 4.7 above } each measured on
a six point Likert scale from no improvement to
more than 50% improvement.

Although one could try to relate inventory usage
to each type of improvement, many of the improve-
ment types are correlated in clusters and are not
truly independent improvements. To mitigate the
clustering and to reduce the dimensionality of these
eleven improvement categories, principal compo-
nents analysis was performed on the eleven
improvement categories in an attempt to determine
the underlying constructs (factors). Three factors
with eigenvalues greater than one obtained, with
factor solutions preserving 70% of the total vari-
ance in the data. The "rst factor loads on both
process quality improvements (e.g., reduction in
scrap) and process leanness improvements (e.g.,
reduction in setup time). These two clusters are
negatively correlated (not shown). It is not surpris-
ing, therefore, that the factor loadings on these
measures are also of opposite sign. In short, process
quality and process leanness appear to be substi-
tutes in production.19 The second factor measures
product quality (e.g., reduction in product returns).
The third factor loads almost exclusively on one
measure, namely, improvement in quality control.

The hypotheses that follow relate the factors
obtained from the principal component analysis to
inventory usage. Speci"cally, an increase (reduc-
tion) in process quality (leanness) should be nega-

tively related to inventory usage since the greater
(lesser) the process quality (leanneness), the less
need for bu!er stocks. Similarly, we expect that
inventory holdings are negatively related to prod-
uct quality and quality control, the other two fac-
tors. This yields the following hypothesis:

(H4) JIT plants that are more (less) successful at
improving process quality(leanness), and/or
product quality and/or quality control hold
less work-in-process and "nished goods in-
ventories.

In the regressions which follow, in order to miti-
gate heteroskedasticity concerns, all (non-qualitat-
ive) variables are normalized by a size measure,
either revenues or the value of production at retail
prices, depending on the context. JIT is measured
by a qualitative variable taking on the value of zero
for non-JIT "rms and time since JIT adoption
(measured backwards from 1990) for JIT "rms.20
To account for potential industry di!erences, an
industry dummy intercept variable } one for auto-
parts and zero for electronic components } was
included in the regressions. A control variable to
account for the potential impact of unionization on
JIT was also included in the regressions. This vari-
able measures the extent to which unionized
workers are employed in the plant based on a "ve-
point Likert scale.

Regression (1) in Table 5 regresses average
work-in-process inventory (normalized by the
value of production at retail) on JIT type, industry
type and the extent of plant unionization.21 The
expected signs of the coe$cients } see the hypothe-
ses above } are found beside each regressor. The
bracketed "gures are p-values. Consistent with H1,
JIT plants utilize signi"cantly less work-in-process
inventory by comparison to non-JIT "rms. The
auto-parts industry uses signi"cantly less work-in-
process inventory than electronic components
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Table 5
Regressions models explaining inventory utilization

Work-in-Process Finished Goods

(1) (2) (3) (4) (5) (6)

Intercept 0.0691 0.1013 0.0451 0.0975 0.0121 0.0607
(0.0001) (0.0382) (0.0001) (0.0001) (0.8549) (0.0003)

JIT !0.0091 !0.0089 * !0.0076 !0.0080
(!) (0.0007) (0.0010) (0.0346) (0.0278) *

Industry !0.0159 !0.0145 * !0.0345 !0.0417
(?) (0.0519) (0.1245) (0.0025) (0.0016) *

Union !0.0007 !0.0010 * !0.0010 !0.0003
(#) (0.7334) (0.6500) (0.7252) (0.9088) *

Elapsed Time (!) * !0.0051 ! !0.0039
* (0.0482) * (0.5292)

Perceived Quality (!) * !0.0062 * 0.0089
(0.4823) * (0.4590) *

Perceived Ontime (#) * !0.0007 * 0.0097
(0.9294) * (0.3786) *

Product Quality (!) ! !0.0038 * !0.0011
* (0.1607) * (0.8677)

Quality Control (!) * !0.0010 * !0.0112
* (0.7140) ! (0.0902)

Process
Quality-Leanness (!)

* !0.0068 * !0.0214
* (0.0152) * (0.0021)

R2-adj. 0.1287 0.1155 0.1125 0.1247 0.1466 0.1394
F value 5.873 3.586 2.870 5.700 3.027 3.389
(p value) (0.0010) (0.0052) (0.0313) (0.0012) (0.0176) (0.0150)
n 100 100 60 100 100 60

Parentheses denote p-values.
Work-in-Process is the average of beginning and ending work-in-process inventories divided by the value of production at retail.
Finished Goods is the average of beginning and ending "nished goods inventories divided by the value of production at retail.
JIT is equal to zero for non-JIT plants and elapsed time for JIT plants.
Elapsed time equals 1990 minus the year of JIT adoption. For example, JIT"5 if the plant adopted JIT in 1985.
Industry is a dummy variable with a value of 1 for auto-parts plants and 0 for electronics plants.
Union measures the extent to which unionized workers are employed in the plant based on a "ve-point Likert scale.
Perceived Quality measures the importance of quality in evaluating the performance of the plant's manufacturing system as measured on
a "ve-point Likert scale.
Perceived Ontime measures the importance of On-time delivery in evaluating the performance of the plant's manufacturing system as
measured on a "ve-point Likert scale.
Product Quality is derived from a principal components analysis. The factors loadings are primarily on two dimensions: Reduction in
Product Returns and Reduction in Final Goods Inventory. Each dimension is measured along a six point scale from no improvement to
more than 50% improvement since implementing JIT.
Quality Control is derived from a principal components analysis. The factors loadings are primarily on one dimension: Increase in
Quality Control. Each dimension is measured along a six-point scale from no improvement to more than 50% improvement since
implementing JIT.
Process Quality-Leanness is derived from a principal components analysis. The factors loadings are primarily on seven dimensions. The
process quality dimensions are: Reduction in Scrap, Reduction in Defects, Improvement in Production Process. The process leanness
dimensions are: Reduction in Setup Times, Reduction in Lead Times, Reduction in Production Materials Inventory and Increase in
Worker Skill Flexibility. Each dimension is measured along a six-point scale from no improvement to more than 50% improvement
since implementing JIT.
n is the number of data points.
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22Another alternative is that there is less variation among the
sample "rms in these variables. This is likely the case for ontime
delivery with a sample coe$cient of variation (standard devi-
ation/mean) of 0.21 but less likely for quality with a coe$cient of
variation of 0.58.

industry. Unionization appears to have no impact
on inventory utilization.

Regression (2) replicates regression (1) but with
two additional regressors: the perceived import-
ance of quality and ontime delivery. Neither of
these two additional regressors are signi"cant. This
could be because neither quality nor on-time
performance a!ect work-in-process utilization,
contrary to expectations, or because the perceived
importance of quality and ontime delivery in evalu-
ating plant performance are poor proxies for realiz-
ed quality and ontime performance.22

Unlike the prior two regressions that utilize the
entire sample, regression (3) applies to the sub-
sample of JIT "rms only. Regression (3) regresses
average work-in-process inventory (normalized by
the value of production at retail) on length of time
since JIT implementation, and on the three (ortho-
gonal) factors which are assumed to measure process
quality leanness, product quality and quality con-
trol, respectively. The elapsed time since JIT imple-
mentation is signi"cant and negative con"rming the
hypothesis that experience with JIT is important in
reducing inventories. Success in improving product
quality by JIT "rms and in improving quality con-
trol seem to have no impact on work-in-process
inventory. On the other hand, more (less) success in
improving process quality (leanness) yields signi"-
cantly less work-in-process inventory. Thus, in
contradistinction to product quality and quality
control, process quality-leanness appears to be an
important factor in JIT manufacturing.

Regressions (4)}(6) in Table 5 replicate regres-
sions (1)}(3), respectively, with average "nished
goods inventory (normalized by the value of pro-
duction at retail) replacing average work-in-process
inventory as the dependent variable. Regression (4)
shows that JIT plants utilize signi"cantly less "n-
ished goods inventory than do non-JIT plants.
There is a pronounced signi"cant industry e!ect as
well in that auto-parts plants use signi"cantly less
"nished goods inventory by comparison to elec-

tronic components plants. Neither unionization
nor the perceived performance variables have any
impact on "nished goods inventory. Even more so
than in the case of work-in-process inventory, "n-
ished goods inventory in JIT plants is reduced
signi"cantly the greater (lesser) is the improvements
in process quality (leanness). Surprisingly, as in the
case of work-in-process inventory, "nished goods
inventory is not signi"cantly a!ected by improve-
ments in product quality or quality control. Unlike
work-in-process inventory, experience with JIT has
no signi"cant impact on "nished goods inventory.

Overall, with the exception of JIT experience, the
regression results for "nished goods inventory and
work-in-process inventory are similar. However,
the relative magnitudes of the coe$cients (and p-
values) for the JIT and the Elapsed Time variables
in Table 9 indicate that just-in-time manufacturing
is more strongly related to work-in-process inven-
tory than to "nished goods inventory. This is to
expected. The gains from JIT manufacturing are
more pronounced in reducing work-in-process
than "nished goods because work-in-process in-
ventory requires less coordination with out-siders
(suppliers and customers) and provides the greatest
potential for reducing manufacturing lead times
and improving manufacturing #exibility, since the
shop #oor is where the conversion (material and
labor) costs are incurred. This "nding is also consis-
tent with the empirical results of Balakrishnan
et al. [12].

In addition to the regressions shown, other per-
turbations were tried including adding a size vari-
able to all regressions, removing unionization, and
adding an industry dummy and unionization to
regressions (3) and (6). The results were qualitat-
ively similar.

5.3. Proxtability

If JIT is as e!ective as its adherents claim, then
JIT plants should be more pro"table than non-
JIT plants. There are at least three ways by which
JIT adoption is expected to increase "rm pro"tabil-
ity: (a) enhanced competitive advantage in the
"rm's product markets arising from increased
manufacturing #exibility, higher production qual-
ity, and lower manufacturing lead time; (b) lower
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23However, they do "nd that JIT "rms have a smaller decline
in ROA (between the pre- and post-adoption period) than non-
JIT "rms after controlling for customer concentration (mea-
sured as a dummy variable and based on the SFAS No.14
disclosure when a single customer accounts for more than 10%
of sales).

24For example, only a select few retailers sell GPS units or
radar equipment.

25These results are robust to alternative perturbations such
as adding a size variable to all regressions, removing unioni-
zation, and adding an industry dummy and unionization to
regressions (3) and (6).

investment in inventories and (c) the freeing up of
investment in physical assets (such as warehouses).

Of the two studies to date that test this hypothe-
sis, albeit at the "rm level, Balakrishnan et al. [12]
"nd essentially no signi"cant di!erences in the
ROA (and also the Return on Sales) of JIT "rms
relative to non-JIT "rms.23 On the other hand,
Huson and Nanda [11] "nd that earnings per share
increase after JIT implementation, although unit
costs increase and operating margins per sales dol-
lar decrease.

Although we are unable to compute ROA from
our data base, we can measure alternative indices of
plant level pro"tability. In particular, we are able to
compute operating pro"ts and the contribution
margin (sales revenue less variable costs) at the
plant level. This allows us to test hypotheses con-
cerning plant pro"tability that parallel the hy-
potheses developed earlier for inventory utilization.
These hypotheses are:

(H5) JIT plants are more pro"table (as measured
by pro"t margin and contribution margin
ratios) than non-JIT plants.

(H6) Plants that perceive quality and/or on-time
delivery to be more important in performance
evaluation are more pro"table.

(H7) Plants that have more experience with JIT
are more pro"table.

(H8) JIT plants that are less (more) successful at
improving process quality (leanness) and/or
product quality and/or quality control are
more pro"table.

The regressions to test the pro"tability hypothe-
ses are similar in form to the regressions for testing
inventory holdings. Regression (1) in Table 6 re-
gresses the plant's pro"t margin ratio (operating
pro"ts normalized by sales) on JIT type, industry

and unionization. Regression (2) adds the variables
perceived importance of quality and ontime perfor-
mance. Regression (3) tests for the impact of JIT
experience, process quality-leanness, product qual-
ity and quality control on the operating pro"ts of
JIT plants. Although intuition suggests that im-
provements in both process quality and process
leanness should increase plant pro"ts, the "nding in
this paper that these production characteristics are
inversely related mitigates against such a result.
Rather, since increased process leanness is likely to
reduce manufacturing costs whereas increased pro-
cess quality is likely to increase manufacturing
costs, we predict that improvements in process
leanness lead to higher pro"ts and improvements in
process quality lead to lower pro"ts. Regressions
(4)}(6) of Table 6 replicate regressions (1)}(3), re-
spectively, with the contribution margin ratio
replacing the operating pro"t margin ratio.

The explanatory power of the Table 6 regressions
are quite high, especially for the pro"t margin.
Overall, the pro"t margin and contribution margin
regressions are qualitatively similar. JIT plants are
signi"cantly more pro"table than non-JIT plants.
There also appears to be a signi"cant industry
e!ect; auto-parts are less pro"table than elec-
tronics. This is to be expected because auto-parts
suppliers tend to operate in large volume competi-
tive industries (e.g., tires) or supply to major auto
makers who can exert signi"cant monopsony
power. The electronics components manufacturing
industry, on the other hand, typically supplies to
wholesale customers with less bargaining power
than automakers or to small market niche retailers
operating in less competitive industries.24 Again,
there is a learning e!ect. Plants that adopted JIT
earlier are (signi"cantly) more pro"table. All other
variables are insigni"cant except that the pro"t
margin is signi"cantly smaller for those JIT plants
that are more (less) successful at process quality
(leanness) improvements.25
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Table 6
Regression models explaining pro"tability

Pro"t margin Contribution margin

(1) (2) (3) (4) (5) (6)

Intercept 0.2774 0.2293 0.1567 0.3118 0.0243 0.2431
(0.0001) (0.0301) (0.0001) (0.0001) (0.0141) (0.0001)

JIT (#) 0.02836 0.0283 * 0.0281 0.0278
(0.0001) (0.0001) (0.0001) (0.0001) *

Industry (!) !0.1055 !0.1123 * !0.0328 !0.0397 *

(0.0001) (0.0001) (0.0471) (0.0384)
Union (!) !0.0028 !0.0025 * !0.0036 !0.0030

(0.5292) (0.5929) (0.3925) (0.4769) *

Elapsed Time (#) * 0.0433 * * 0.0406
* (0.0001) (0.0001)

Perceived Quality (#) * !0.0009 * * 0.0048 *

(0.9610) (0.7860)
Perceived Ontime (#) * 0.0117 * 0.0103 *

(0.5048) * (0.5292)
Product Quality (#) * * 0.0101 * * 0.0082

(0.2200) (0.3082)
Quality Control (#) * * 0.0016 0.0002

(0.8401) (0.9778)
Process Quality-Leanness (!) * * !0.0486 * !0.0110

(0.0001) * (0.1798)

R2-adj. 0.4154 0.4059 0.5850 0.2537 0.2427 0.3645
F value 24.451 14.529 21.789 12.218 7.344 9.461
(p-value) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
n 100 100 60 100 100 60

Parentheses denote p-values.
Proxt Margin is Operating Pro"ts divided by sales revenue.
Contribution Margin Ratio is the contribution margin divided by sales revenue.
JIT is equal to zero for non-JIT plants and elapsed time for JIT plants.
Elapsed time equals 1990 minus the year of JIT adoption. For example, JIT"5 if the plant adopted JIT in 1985.
Industry is a dummy variable with a value of 1 for auto-parts plants and 0 for electronics plants.
Union measures the extent to which unionized workers are employed in the plant based on a "ve-point Likert scale.
Perceived Quality measures the importance of quality in evaluating the performance of the plant's manufacturing system as measured on
a "ve-point Likert scale.
Perceived Ontime measures the importance of On-time delivery in evaluating the performance of the plant's manufacturing system as
measured on a "ve-point Likert scale.
Product Quality is derived from a principal components analysis. The factors loadings are primarily on two dimensions: Reduction in
Product Returns and Reduction in "nal goods inventory. Each dimension is measured along a six-point scale from no improvement to
more than 50% improvement since implementing JIT.
Quality Control is derived from a principal components analysis. The factors loadings are primarily on one dimension: Increase in
Quality Control. Each dimension is measured along a six-point scale from no improvement to more than 50% improvement since
implementing JIT.
Process Quality-Leanness is derived from a principal components analysis. The factors loadings are primarily on seven dimensions. The
process quality dimensions are: Reduction in Scrap, Reduction in Defects, Improvement in Production Process. The process leanness
dimensions are: Reduction in Setup Times, Reduction in Lead Times, Reduction in Production Materials Inventory and Increase in
Worker Skill Flexibility. Each dimension is measured along a six-point scale from no improvement to more than 50% improvement
since implementing JIT.
n is the number of data points.
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26See, for example, the quotation in footnote 14 above.

27As a percentage of variable manufacturing costs, direct
materials are 88%, direct labor 2% and direct energy 10% on
average for the entire sample.

At this point, it worth noting an important
caveat regarding the potential interpretation of the
regressions in Table 6. Although the regressions
indicate that JIT plants are more pro"table than
non-JIT plants, one cannot conclude necessarily
that the adoption of JIT causes plants to be more
pro"tability. What we have done is to document
a positive relationship between JIT and pro"ts but
not causality. Our results are equally consistent with
the interpretation that pro"table plants have su$-
cient wealth to adopt new technologies like JIT.

5.4. Cost structure

The potential impact of JIT manufacturing on
total costs is conceptually ambiguous. Although JIT
likely reduces variable costs (such as direct materials
costs which invariably represent the largest propor-
tion of manufacturing variable costs) and certain
"xed costs such as warehousing, the adoption of JIT,
it is often argued, goes hand in hand with additional
investment in new technologies (e.g., #exible manu-
facturing) and a concomitant shift from variable to
"xed costs. Nevertheless, overall, it is expected that
JIT reduces total costs.26 These considerations yield
the following hypotheses.

(H9) JIT plants incur lower total costs than non-
JIT plants.

(H10) JIT plants incur lower variable costs than
non-JIT plants.

(H11) JIT plants incur higher "xed costs than non-
JIT plants.

The regressions in Table 7 also show fairly high
explanatory power. Regressions (1), (3) and (5) show
regressions of total, variable and "xed costs (all
normalized by the value of production at retail) on
JIT type, industry and unionization. Although total
and variable costs are signi"cantly lower for JIT
plants than non-JIT plants, "xed costs are not
signi"cantly di!erent. Again, there is a marked
industry e!ect in that all costs are greater for
auto-parts than electronics. Unionization has no

incremental explanatory power with respect to
costs. Regressions (2), (4), and (6) show that earlier
adopters of JIT have signi"cantly lower total
and variable costs but not "xed costs } potentially
indicative of costs shifting from variable to "xed
by JIT adopters. Also, the more (less) successful
the JIT plant in terms of process quality (leanness)
improvements, the higher are total and "xed costs.
The other factors are insigni"cant once more.

The quantitative data are su$ciently detailed to
provide a breakdown of manufacturing variable
costs into three cost components. It is of interest to
see how these individual variable manufacturing
cost components are related to those factors as-
sumed to a!ect plant cost structure. Table 8
regresses the three components of variable manu-
facturing costs (normalized by the value of produc-
tion at retail) on the variables of interest. The
components of variable manufacturing costs are
direct material costs, direct energy costs and direct
labor costs.27 JIT plants have signi"cantly lower
costs for all variable manufacturing cost compo-
nents compared to non-JIT plants. Again, there are
some signi"cant industry e!ects. Plants that have
more experience with JIT manufacturing show sig-
ni"cantly lower costs for all variable manufacturing
cost components (based on one-tailed tests). Prod-
uct quality improvements signi"cantly reduce ma-
terial costs but not the other costs components. The
more (less) successful the JIT plant in terms of
process quality (leanness), the higher are energy
and manufacturing labor costs. Again, improve-
ments in product quality and quality control have
no signi"cant e!ects on costs.

5.5. Summary of the multivariate regression analysis

In summary, the multivariate analysis yields the
following results:

1. JIT plants use signi"cantly less work-in-process
and "nished goods inventory by comparison to
non-JIT plants.
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Table 7
Regression models explaining total, variable and "xed costs

Total Cost Variable Costs Fixed Costs

(1) (2) (3) (4) (5) (6)

Intercept 0.7224 0.8418 0.6882 0.7556 0.0342 0.0862
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

JIT !0.0273 * !0.0271 * !0.0002 *

(!), (#for 5) (0.0001) (0.0001) (0.9220)

Industry 0.1050 * 0.0325 * 0.0726 *

(?) (0.0001) (0.0450) (0.0001)

Union 0.0023 * 0.0031 * !0.0008 *

(#) (0.5966) (0.4494) (0.5545)

ElapsedTime (!) * !0.0424 * !0.0398 * !0.0026
(0.0001) (0.0001) (0.3523)

Product Quality (#) * 0.0108 * !0.0088 * 0.0020
(0.9170) (0.2719) (0.4883)

Quality Control (#) * !0.0014 * !0.0000 * !0.0014
(0.8603) (0.9998) (0.6234)

Process * 0.0490 * 0.0113 * 0.0377
Quality-Leanness (#) (0.0001) (0.1680) (0.0001)

R2-adj. 0.4140 0.5849 0.2474 0.3610 0.6980 0.7474
F value 24.310 21.780 11.847 9.334 77.260 44.631
(p-value) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)
n 100 60 100 60 100 60

Parentheses denote p-values.
Costs (total, variable and "xed) are divided by the value of production at retail.
JIT is equal to zero for non-JIT plants and elapsed time for JIT plants.
Elapsed Time equals 1990 minus the year of JIT adoption. For example, JIT"5 if the plant adopted JIT in 1985.
Industry is a dummy variable with a value of 1 for auto-parts plants and 0 for electronics plants.
Union measures the extent to which unionized workers are employed in the plant based on a "ve-point Likert scale.
Perceived Quality measures the importance of quality in evaluating the performance of the plant's manufacturing system as measured on
a "ve-point Likert scale.
Perceived Ontime measures the importance of On-time delivery in evaluating the performance of the plant's manufacturing system as
measured on a "ve-point Likert scale.
Product Quality is derived from a principal components analysis. The factors loadings are primarily on two dimensions: Reduction in
Product Returns and Reduction in "nal goods inventory. Each dimension is measured along a six-point scale from no improvement to
more than 50% improvement since implementing JIT.
Quality Control is derived from a principal components analysis. The factors loadings are primarily on one dimension: Increase in
Quality Control. Each dimension is measured along a six-point scale from no improvement to more than 50% improvement since
implementing JIT.
Process Quality-Leanness is derived from a principal components analysis. The factors loadings are primarily on seven dimensions. The
process quality dimensions are: Reduction in Scrap, Reduction in Defects, Improvement in Production Process. The process leanness
dimensions are: Reduction in Setup Times, Reduction in Lead Times, Reduction in Production Materials Inventory and Increase in
Worker Skill Flexibility. Each dimension is measured along a six-point scale from no improvement to more than 50% improvement
since implementing JIT.
n is the number of data points.
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Table 8
Regression models explaining variable manufacturing cost components

Material Costs Energy Costs Mfg. Labor Costs

(1) (2) (3) (4) (5) (6)

Intercept 0.2922 0.3089 0.0212 0.0421 0.0057 0.0066
(0.0001) (0.0001) (0.0001) (0.0001) (0.0001) (0.0001)

JIT !0.0113 * !0.0035 * !0.0003 *

(0.0011) (0.0022) (0.0041)

Industry 0.0084 * 0.0366 * 0.0007 *

(0.4255) (0.0001) (0.0106)

Union 0.0037 * !0.0010 * !0.0000 *

(0.1692) (0.2197) (0.6807)

Elapsed Time * !0.0103 * !0.0038 * !0.0005
(0.0826) (0.0513) (0.0025)

Product Quality * !0.0122 * !0.0013 * 0.0001
(0.0539) (0.5374) (0.2877)

Quality Control * !0.0014 * !0.0007 * 0.0001
(0.8171) (0.7234) (0.3617)

Process Quality * 0.0100 * 0.0137 * 0.0003
(0.1173) (0.0001) (0.0401)

R2-adj. 0.1148 0.1184 0.5658 0.4745 0.1150 0.2061
F value 5.280 2.980 44.002 14.318 5.288 4.829
(p-value) (0.0021) (0.0268) (0.0001) (0.0001) (0.0020) (0.0021)
n 100 60 100 60 100 60

Parentheses denote p-values.
Material and Energy Costs are divided by the value of production at retail.
Mfg. Labor Costs are calculated by multiplying average number of manufacturing employees times the average hourly wage rate by the
number of hours in a standard week times 52 and dividing the result by the value of production at retail.
JIT is equal to zero for non-JIT plants and elapsed time for JIT plants.
Elapsed time equals 1990 minus the year of JIT adoption. For example, JIT"5 if the plant adopted JIT in 1985.
Industry is a dummy variable with a value of 1 for auto-parts plants and 0 for electronics plants.
Union measures the extent to which unionized workers are employed in the plant based on a "ve-point Likert scale.
Perceived Quality measures the importance of quality in evaluating the performance of the plant's manufacturing system as measured on
a "ve-point Likert scale.
Perceived Ontime measures the importance of On-time delivery in evaluating the performance of the plant's manufacturing system as
measured on a "ve-point Likert scale.
Product Quality is derived from a principal components analysis. The factors loadings are primarily on two dimensions: Reduction in
Product Returns and Reduction in "nal goods inventory. Each dimension is measured along a six-point scale from no improvement to
more than 50% improvement since implementing JIT.
Quality Control is derived from a principal components analysis. The factors loadings are primarily on one dimension: Increase in
Quality Control. Each dimension is measured along a six-point scale from no improvement to more than 50% improvement since
implementing JIT.
Process Quality-Leanness is derived from a principal components analysis. The factors loadings are primarily on seven dimensions. The
process quality dimensions are: Reduction in Scrap, Reduction in Defects, Improvement in Production Process. The process leanness
dimensions are: Reduction in Setup Times, Reduction in Lead Times, Reduction in Production Materials Inventory and Increase in
Worker Skill Flexibility. Each dimension is measured along a six-point scale from no improvement to more than 50% improvement
since implementing JIT.
n is the number of data points.
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2. JIT plants have signi"cantly lower variable and
total costs (but not "xed costs) by comparison to
non-JIT plants.

3. JIT plants are signi"cantly more pro"table than
non-JIT plants.

4. JIT plants that adopted JIT earlier are signi"-
cantly more successful at reducing work-in-
process inventory, minimizing costs and maxi-
mizing pro"ts.

5. The perceived importance of quality and ontime
performance in evaluating plant performance is
unrelated to inventory usage, costs and pro"ts
both for JIT and non-JIT plants.

6. JIT plants that are more successful at control-
ling process quality (leanness) are signi"cantly
more (less) successful in minimizing work-
in-process and "nished goods inventories.
On the other hand, JIT plants that are more
successful at controlling process leanness
(quality) are signi"cantly more (less) success-
ful at minimizing costs and maximizing
pro"ts.

7. JIT plants that are more successful at control-
ling product quality are not more successful at
minimizing work-in-process inventory, minimiz-
ing costs or maximizing pro"ts

8. Unionization has neither a negative nor a posi-
tive impact on JIT.

9. The relationship between JIT and inventories,
costs and pro"ts is generally a function of indus-
try di!erences.

6. Conclusion

This study uses a data base of cross-sectional
qualitative and quantitative data to analyze the
relative performance of JIT and non-JIT plants
operating in the auto-parts and electronic
components manufacturing industries. Univariate
tests showed signi"cant di!erences between JIT
and non-JIT "rms across a number of quantitative
and qualitative dimensions. Signi"cant industry
di!erences also obtained for both JIT and non-JIT
"rms.

Many of these di!erences corresponded to intu-
ition. For example, JIT plants consider inventory
turnover and scrap/waste reduction to be more

important metrics than do non-JIT plants.
Auto-parts plants consider scrap/waste reduction
to be more important than do electronic compo-
nents plants. Among the JIT techniques, auto-
parts manufacturers use more integrated product
design, focused factory, and level schedules
than do electronics plants. On the other hand,
electronics plants use more kanban, integrated
suppliers network, line balancing, group techno-
logy and #exible worker skills, than do auto-parts
plants.

The multivariate tests show that JIT plants use
signi"cantly less work-in-process and "nished
goods inventories than do non-JIT plants. JIT
plants are signi"cantly more pro"table in terms of
(operating) pro"t margins and contribution margin
ratios than non-JIT plants. JIT plants have signi"-
cantly smaller variable and total costs than do
non-JIT plants, but not "xed costs.

JIT plants exhibit signi"cant learning e!ects in
that earlier adopters of JIT use smaller inventories
and are more pro"table than later adopters. JIT
plants that claimed to be more (less) successful at
controlling process quality (leanness) also tended to
have signi"cantly lower work-in-process inventory,
higher total costs and lower pro"ts. On the other
hand, JIT plants that claimed to be more successful
at controlling product quality or quality control by
and large were not signi"cantly di!erent from other
JIT plants. Finally, unionization seemed to have no
impact on the relative performance of JIT and
non-JIT plants.

Overall, these results suggest that JIT manufac-
turing is associated with greater plant productivity
in inventory usage, improved quality of processes,
lower total and variable costs, and higher pro"ts.
Although these bene"ts for JIT manufacturing have
been conjectured by the literature, this study is the
"rst to document these associations for a fairly
large sample of plants.
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Appendix A. Data survey questionnaire
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