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Abstract

Mass customization capabilities enable firms to design, produce, and deliver a high volume of differentiated products that
meet specific customer needs in a timely manner and at close to mass-production prices. A critical part of mass customization is
simultaneously achieving customer responsiveness, cost efficiency, and high volume production in the manufacturing system.
This research describes mass customization and provides a framework to understand the relationships among time-based
manufacturing practices, mass customization, and value to the customer. It involves the development of an instrument to
measure mass customization. Data were collected from 303 manufacturing firms of various size, location, and industry to
develop the instrument and test the relationships in the framework. The primary research method was structural equation
modeling using LISREL. The study indicates that firms with high levels of time-based manufacturing practices have high
levels of mass customization and value to the customer. Also, firms with high levels of mass customization have high levels
of value to customer. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Skinner (1985) stated that US manufacturers have
a serious management problem. A problem caused by
an obsolete mind-set rooted in an industrial paradigm
that has become dysfunctional for firms operating
in a globally competitive, rapidly changing environ-
ment. This industrial mind-set treats the factory as a
productivity machine that emphasizes maximum ef-
ficiency and stability by buffering the technical core
from external changes, including customer requests
for specific product features and performance (Tomp-
son, 1967). During this era, management sought to
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maximize profit by reducing cost through process
mechanization and high-volume, mass production.
As firms move from an industrial environment that
focuses on internal efficiency to a post-industrial
environment that emphasizes customer value, how
can they simultaneously achieve the volume and cost
efficiency of mass producers and the customization
capabilities of job shops?

Shifting from an industrial to a post-industrial
paradigm requires fundamental changes in manage-
ment thinking as well as manufacturing systems de-
sign. Skinner (1985), Porter (1996), Hayes and Pisano
(1996), Huber (1984), and Doll and Vonderembse
(1991) suggested that the post-industrial era is char-
acterized by growing global competition, changing
customer requirements, increasing market diversity,
and advancing manufacturing and information tech-
nology. Champlin and Olson (1994) described three
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revolutionary changes for post-industrial manufactur-
ing, i.e. global competition, technology advancement,
and new managerial practices. Hayes and Pisano
(1994) suggested that fragmented markets and fierce
global competition demand greater manufacturing
flexibility.

At the heart of these changes are increasingly in-
dividualized customer requirements (Porter, 1996).
Bowen et al. (1989) proposed incorporating a cus-
tomer service orientation into the manufacturing
context. This concept of customer-driven manu-
facturing is gaining increasing popularity world-
wide (Murakoshi, 1994). Global competition further
stimulates this change and forces manufacturers to
keep costs low while providing customized prod-
ucts and services (Parker, 1996; Anderson and Pine,
1997).

Manufacturing firms are searching for ways to
attain “mass customization” (Pine, 1993), which is
the ability to quickly design, produce, and deliver
products that meet specific customer needs at close
to mass-production prices. The foundation of mass
customization is the ability to achieve customer
responsiveness, cost efficiency, and high-volume
production, simultaneously. Time-based manufac-
turing practices which include shop floor employee
involvement in problem solving, reengineering se-
tups, cellular manufacturing, preventive maintenance,
quality improvement efforts, dependable suppliers,
and pull production facilitates mass customization.
They enable firms to slash time from operations and
allow them to quickly change over between prod-
ucts. These practices should help firms to quickly
and cheaply manufacture a variety of products that
meet specific customer needs (Koufteros et al.,
1998).

Some research studies examine the phenomenon of
mass customization, but most studies are anecdotal in
nature (Pine et al., 1993; Kotha, 1995). For example,
Kotha (1995, 1996) conducted in-depth case studies
of the National Bicycle Industrial Company of Japan,
which designed, built, and delivered bicycles to pre-
cisely fit each customer’s physical dimensions. The
case studies demonstrate the practical value and fea-
sibility of mass customization. The current literature
tends to describe the market implications of mass cus-
tomization, but fails to provide operational measures
(Duray, 1997). Empirical studies that investigate the

relationships between time-based manufacturing prac-
tices and mass customization are not available and
represent an important missing link in manufacturing
research.

This research defines mass customization and de-
velops a valid and reliable instrument to measure it.
Valid and reliable measures of time-based manufac-
turing practices (Koufteros et al., 1998) and customer
value (Tracey, 1996) are provided by existing instru-
ments. The study proposes a model for investigating
the relationships among time-based manufacturing
practices, mass customization, and the organization’s
ability to create customer value. Theory development
is essential for building a conceptual knowledge base
and specifying hypothesized relationships among key
variables (Hair et al., 1995). These hypothesized re-
lationships are examined using structural equation
modeling.

2. Theoretical framework

Customers are seeking products that meet spe-
cific applications (Peppers and Rogers, 1997). Mass
customization, which is intended to produce cus-
tomized products at mass scale without sacrificing
efficiency, may become the basis of the next “in-
dustrial revolution” (Lau, 1995). Fig. 1 suggests that
mass customization (MC) capabilities are affected by
the firm’s ability to implement time-based manufac-
turing practices (TBMP). These practices eliminate
waste, cut throughput time, and enhance flexibility
(Blackburn, 1991; Koufteros et al., 1998; Monden,
1983). They help to create a manufacturing system
that is responsive to customer requirements. MC has
a direct impact on value to customer (VC). Empiri-
cal evidence suggests that customized products offer
greater value than standardized products (Duray,
1997; Kotha, 1995). TBMP also has a direct impact
on a firm’s VC. Customers value the impact of TBMP,
such as high system reliability and productivity, even
when the need for customization is low.

In the following sections, MC is defined so valid
and reliable measures can be developed. TBMP and
VC are described in order to facilitate theory devel-
opment. The theories that relate TBMP, MC, and VC
are discussed, and hypotheses are developed.
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Fig. 1. Impact of time-based manufacturing practices on mass customization and value to customer.

2.1. Mass customization capabilities

The notion of “mass customization” (MC) was first
proposed by Kotler (1989) from a marketing man-
agement perspective. Pine (1993) brought MC into
the production and operations management arena.
He defined MC as the low-cost, high quality, large
volume delivery of individually customized goods
and services. Boynton et al. (1993) further clarified
the concept of MC by comparing it with mass pro-
duction, invention, and continuous improvement in
a product/process change grid. The old competitive
strategies focus on mass production or invention. Un-
der conditions of stable product and process change,
firms use mass production strategy to achieve lowest
cost. When faced with dynamic product and process
change, firms use an invention strategy to generate
unique or novel products and processes, but this in-
vention design usually creates small volumes of new
products at high cost. Invention organizations often
are craft producers, entrepreneurs, and separate R&D
units within mass-production organizations.

The new approaches are continuous improvement
and mass customization. In some industries, the nature

of product demand is still relatively stable and homo-
geneous, but firms have to continuously improve their
process quality, speed, and cost to meet competition.
Thus, continuous improvement is mostly a low-cost
process differentiation strategy within mature markets.
The need for MC arises when firms face dynamic prod-
uct change but relatively stable process change, which
is one of the realities of today’s competitive environ-
ment. More and more firms are feeling the pressure
of customers’ constantly changing demands on variety
and specifications, but many of these firms also report
that the core processes their companies are instituting
to meet these demands remain stable.

MC is the ability of a firm to quickly produce
customized products on a large scale at a cost com-
parable to non-customized products (Boynton et al.,
1993; Kotler, 1989; Lau, 1995; Pine, 1993). An
organization’s MC capability is determined by its
ability to produce differentiated products with cost ef-
fectiveness, volume effectiveness, and responsiveness.
These components are essential for organizations that
pursue MC.

Customization cost effectiveness is the ability to
produce highly differentiated products without in-
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creasing costs, significantly. To achieve customization
while production costs and purchase price increase
dramatically will not provide the firm with a compet-
itive advantage. For most consumers, price expecta-
tions are set by mass producers, which have steadily
lowered production costs. As a result, consumers
expect to receive customized products at close to
mass-production prices. MC requires organizations to
build production process that achieve high flexibility
and low cost, simultaneously (Lau, 1995; Pine, 1993).

Customization volume effectiveness is the ability
to increase product variety without diminishing pro-
duction volume. As markets become more and more
segmented and aggregate demand remains constant
or increases, firms must continue to produce high
volumes across their fixed asset base, thus achieving
economies of scope as described by Goldhar and
Jelinek (1983). If MC leads to under-utilized assets,
then unit prices may increase and profits may dimin-
ish. MC enables firms to design, produce, and deliver
customized products at volumes that compare to mass
production (Pine, 1993).

Customization responsiveness is the ability to re-
duce the time required to deliver customized prod-
ucts and to reorganize production processes quickly
in response to customization requests. It would be
counter-productive to pursue mass customization if a
customized product takes too long to produce because
customers will not wait. Speed is an indispensable
criterion for evaluating an organization’s mass cus-
tomization capability (Pine, 1993; Pine et al., 1993).

To be successful, organizations seeking MC must
develop capabilities that enable them to simultane-
ously achieve low production costs, high production
volumes, and short delivery times, while they deliver
customized products that meet specific needs. These
capabilities are inseparable components of MC. Firms
with these capabilities enhance VC by increasing
product features and quality. Organizations can de-
velop these MC capabilities through technical and
managerial innovations such as TBMP, which enhance
flexibility, drive down production costs, and shorten
order-to-delivery time (Koufteros et al., 1998).

2.2. Time-based manufacturing practices

Time, as a strategic variable, emerged from evolv-
ing manufacturing practices beginning with Frederick

Taylor who proposed the use of time study to im-
prove productivity. Each job was broken down into
smaller elements, and each element had a standard
time which was determined by time study experts
(Niebel, 1988). Henry Ford successfully embedded
these techniques into his auto assembly lines and de-
veloped the world’s most efficient and timely system
for producing cars (Bockerstette and Shell, 1993).
In the early 1980s, Toyota developed a system ca-
pable of diversified, small quantity production to
eliminate waste and reduce costs. The success of
this production system brought about a revolution in
manufacturing — the principles of just-in-time (JIT)
(Monden, 1983). Time-based manufacturing fo-
cuses on time compression techniques to improve
responsiveness and enhance competitive capability.
Koufteros et al. (1998) develop a framework for
time-based manufacturing and define a set of practices
listed in Fig. 1.

Time-based manufacturing and JIT address the
same phenomena but with different emphases.
“Time-based manufacturing is an externally focused
production system that emphasizes quick response
to changing customer needs. Its primary purpose is
to reduce end-to-end time in manufacturing. Mon-
den (1983) describes JIT as an internally focused
production system that produces parts on demand. It
eliminates unnecessary elements in production, and
its primary purpose is cost reduction (Koufteros et al.,
1998: 22).” Blackburn (1991) claims that JIT is the
genesis of time compression. Some JIT innovators
became the first time-based competitors as they rec-
ognized its ability to increase flexibility and shorten
response time.

2.3. Value to customer

VC is an external measure that assesses the
customers’ degree of satisfaction with the organiza-
tion’s products. It is the extent to which products
provide benefits that customers believe are impor-
tant. The measurement items are primarily from
the customer satisfaction literature (Naumann and
Giel, 1995) and customer service quality literature
(Garvin, 1984). VC measures perceptions of the value
of product variety, customer satisfaction with prod-
uct quality and features, and customer loyalty and
referrals.
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2.4. Research hypotheses

Manufacturing firms that want to achieve MC ca-
pabilities and enhance VC may invest in TBMP be-
cause these practices eliminate waste, reduce response
time, and increase flexibility. These practices help to
create customization cost effectiveness, customization
volume effectiveness, and customization responsive-
ness, which are inseparable parts of MC. TBMP also
enhances VC directly because customers value high
quality, short response time, and low cost even when
customization is not offered or demanded. Each of the
sub-dimensions of TBMP is discussed briefly to illus-
trate their impact on MC and VC.

2.4.1. Shop floor employee involvement in problem
solving

Involvement is an antecedent to reengineering se-
tups, cellular manufacturing, preventive maintenance,
quality improvement efforts, dependable suppliers,
and pull production (Koufteros et al., 1998). Using
employee intelligence to design and execute these
practices is essential to build the rapid response and
product variety required by MC. With employee
involvement in developing these practices, the manu-
facturing system can respond quickly and effectively
to customer requests.

2.4.2. Reengineering setup
Monden (1983) suggests that setup time is a primary

determinant of shop floor responsiveness. Compressed
setup time permits firms to quickly switch between
products and incur minimal penalties, thus increasing
flexibility and enhancing responsiveness to changing
customer needs (Ohno, 1988). Reengineering setups
can eliminate waste, which benefits customers directly
through cost reductions.

2.4.3. Cellular manufacturing
Cellular manufacturing enables firms to cut setup

time, increase equipment utilization, and streamlines
management. Using group technology principles,
parts with similar design characteristics and process-
ing requirements are grouped into a family of parts.
A cell is created which has all the equipment needed
to produce one or more families of parts. This greatly
reduces materials handling time and costs, reduces
work-in-process inventory, and shortens throughput

time (Hyer and Wemmerlov, 1984). The effective
communication and coordination achieved by imple-
menting cellular manufacturing creates a manufac-
turing system that is capable of achieving MC and
enhancing VC.

2.4.4. Preventive maintenance
Unreliable machines and processes lead to ex-

panded throughput time, missed production deadlines,
reduced product quality, and increased production
costs. Scheduling preventive maintenance and allow-
ing operators to complete it should increase equip-
ment reliability and system availability. These efforts
are an integral part of MC and should enhance VC
(Bockerstette and Shell, 1993).

2.4.5. Quality Improvement efforts
A central theme of quality management is to do

things right the first time (Dean and Evans, 1994).
Quality improvement efforts contribute to MC and VC
by reducing throughput time, cutting costs, and im-
proving product performance (Juran, 1989).

2.4.6. Dependable suppliers
Shortages and quality problems in supplier parts

are additional sources of production delay. Evi-
dences show that dependable suppliers can help cut
throughput time, increase quality, and improve man-
ufacturing competitiveness (Cusumano and Takeishi,
1991; Blackburn, 1991; Handfield and Pannesi,
1992).

2.4.7. Pull production
A pull production system signals production based

on the demand at a succeeding workstation and ul-
timately from the final customer. Pull systems can
greatly reduce the time parts stay in the system, es-
pecially the non-value-added waiting time, and it can
speed parts to customers. (Monden, 1983; Schon-
berger, 1986).

Hypothesis 1. Firms with high levels of time-based
manufacturing practices (TBMP) will have high levels
of mass customization (MC) capabilities.

Hypothesis 2. Firms with high levels of time-based
manufacturing practices (TBMP) will have high levels
of value to customers (VC).
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Firms attempting to meet changing customer ex-
pectations are considering MC because MC can have
a direct impact on VC (Kotler, 1989). Pine (1993)
defines the goal of mass customization as providing
enough variety in products and services so customers
can find exactly what they want at a reasonable price.
Gilmore and Pine (1997) describe the four faces of
MC and illustrate how organizations have used mass
customization to deliver greater VC. Duray (1997) and
Kotha (1995) also provided empirical evidence that
customers generally consider customized products to
have greater value. Products that more closely meet
customer expectations should enhance VC.

Hypothesis 3. Firms with high levels of mass cus-
tomization (MC) capabilities will have high value to
customers (VC).

3. Research methods

Research methods are described for instrument de-
velopment and structural modeling. Instrument devel-
opment methods for MC included four phases: (1)
item generation, (2) pre-pilot study, (3) pilot study, and
(4) large-scale data analysis. Instruments that measure
TBMP and VC were adapted from Koufteros et al.
(1998) and Tracey (1996), respectively. The scales for
TBMP and VC were 1: strongly disagree to 5: strongly
agree. An option was given for ‘not applicable’ or ‘do
not know’. The items for these instruments, which are
listed in Appendix A, entered directly into phase four.
In phase four, structural equation modeling (LISREL)
was used to determine the validity of the MC, TBMP,
and VC instruments. The research framework in Fig. 1
and the associated hypotheses were tested using LIS-
REL (Joreskog and Sorbom, 1989).

3.1. Item generation, pre-pilot study, and pilot study
(phases 1, 2, and 3)

Content validity is enhanced when steps are taken
to ensure that the domain of the construct is covered
(Churchill, 1979). A literature review provided a def-
inition for the MC construct and helped to identify
an initial list of items (Boynton et al., 1993; Duray,
1997; Kotha, 1995, 1996; Pine, 1993). During struc-

tured interviews, the definition of MC was presented
to manufacturing executives, and open-ended ques-
tions were asked about the construct. Items that did
not belong in the domain of MC were removed, new
items were suggested to fill perceived gaps, and other
items were modified. The scale for the MC items is
1: much below average to 5: much above average.
An option is given for ‘not applicable’ or ‘do not
know’.

In a pre-pilot study, copies of the definition and the
items for MC were distributed to six faculty members.
They had the opportunity to suggest changes in the
definition as well as to “keep,” “drop,” or “modify”
each item. They were also instructed to suggest new
items if they felt that existing ones did not cover the
domain of the construct.

The pilot study targeted senior manufacturing
managers. It provided valuable information about the
reliability and validity of the MC scale. The ques-
tionnaire was sent to 1000 manufacturing managers
working in medium to large companies. The mailing
list was extracted from the national manufacturers
directory published by Manufacturer’s News, Inc. All
target respondents had job titles of VP Manufacturing,
Manufacturing Manager, Plant Manager, Manufactur-
ing Director, Production Manager, or Plant Operations
Manager. The companies represent the following
SIC codes: 25: furniture and fixtures; 30: rubber and
miscellaneous plastic products; 34: fabricated metal
products; 35: industrial machinery and equipment;
36: electronic and other electric equipment; 37: trans-
portation equipment; 38: instruments and related
products.

There were 40 usable responses. Corrected item-
total correlation (CITC) was used to purify the MC
scale by eliminating an item if its correlation with
the corrected item total was below 0.50 (Kerlinger,
1978). A slightly lower CITC was acceptable if that
item was considered essential for the construct. Factor
analysis using varimax rotation and mean substitution
was executed to assess the unidimensionality of the
MC scale. Cronbach’s alpha (1951) was used to assess
scale consistency. Factor loads above 0.60, and alpha
values over 0.7 were considered acceptable (Nunnally,
1978).

Detailed results of the pilot study for MC are avail-
able from the authors. The instrument for MC that
emerged from the pilot study is given in Table 1.
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Table 1
Mass customization — items entering the large-scale studya

Code names Questionnaire items Mean Standard
deviation

MC1 Our capability of customizing products at low cost is 3.19 0.93
MC2∗ Our capability of customizing products on a large scale is 3.29 0.97
MC3 Our capability of translating customer requirements into technical designs quickly is 3.33 0.94
MC4∗ Our capability of adding product variety without increasing cost is 3.03 0.84
MC5∗ Our capability of customizing products while maintaining a large volume is 3.16 0.87
MC6∗ Our capability of setting up for a different product at low cost is 3.04 0.82
MC7∗ Our capability of responding to customization requirements quickly is 3.35 0.91
MC8∗ Our capability of adding product variety without sacrificing overall production volume is 3.13 0.81
MC9 Our capability of changeover to a different product quickly is 3.31 0.87

a Items in the final instrument are marked by an asterisk.

3.2. Large-scale methods (phase 4)

Success in a large-scale empirical study depends
on the quality of respondents. For this study, respon-
dents should have detailed knowledge in more than one
functional area plus in-depth understanding of manu-
facturing. Respondents should represent different ge-
ographical areas, industries, and firm sizes, so that the
results can be generalized. To achieve these goals and
to obtain an acceptable response rate, the large-scale
sample was obtained from the Society of Manufactur-
ing Engineers, which has 65,000 manufacturing man-
agers and engineers from all over the world and nearly
every industry. The mailing list was randomly se-
lected from its US membership. The SIC codes used
in the pilot study were also targeted for the large-scale
study.

The final version of the questionnaire was admin-
istered to 2831 manufacturing managers. To ensure a
satisfactory response rate, the survey was administered
in three stages. First, a copy of the questionnaire with
a cover letter describing the purpose and significance
of the current study was mailed. Two weeks later, a
follow-up letter was mailed to each of the target re-
spondents. The names of those who responded were
removed from the original mailing list, and 2 weeks
later, a second follow-up letter was sent with a copy
of the questionnaire.

There were 320 responses. Seven responses indicate
that the target respondent was no longer an employee
at the company. Seven questionnaires were returned
empty. Three responses were determined to be incom-
plete or unsuitable for further analysis. There were

303 usable responses, representing an overall response
rate of 10.7%. Demographic data for the respondents
are provided in Appendix B.

Response/non-response bias was tested by compar-
ing earlier respondents to late respondents, because
the original mailing list did not provide demographic
information. According to the time log, the 303 re-
sponses were received in two groups as a result
of the two mailings. The first batch had 123 re-
sponses, and the second had 180. The respondents and
non-respondents were compared on firm size, indus-
try type, and sales volume. The data are in Appendix
B. No significant differences were found between the
two groups using theχ2 statistic andP < 0.05.

4. Results for instrument development and
structural modeling

To effectively test the structural model and the as-
sociated hypotheses, it is essential to demonstrate that
the instruments for measuring MC as well as the in-
struments for measuring TBMP and VC are valid and
reliable.

4.1. Assessment of measurement properties

There is general agreement in the literature that
tests of unidimensionality (convergent validity), dis-
criminant validity, and reliability are important for
establishing construct validity (Ahire et al., 1996;
Sethi and King, 1994; Raghunathan and Raghunathan,
1994).



208 Q. Tu et al. / Journal of Operations Management 19 (2001) 201–217

Fig. 2. Initial MC measurement model.

4.1.1. Assessing unidimensionality and discriminant
validity

To be unidimensional, there must be a single latent
variable underlying a set of measurement items (An-
derson, 1987). In the large-scale study, the MC con-
struct was conceptualized as having one dimension
and nine items, which are listed in Table 1. To check
the unidimensionality of the MC items, exploratory
factor analysis with varimax rotation and mean sub-
stitution was performed with all nine items of the
MC construct. A single factor emerged; all nine items
loaded on that factor; and all the factor loads were
above 0.60. Factor analysis assumes that measurement
errors are not correlated, but it does not test the degree
of correlation of these error terms. Structural equation
modeling does test the degree of correlation among the
error terms, which makes further refinement possible.

The single factor LISREL measurement model,
shown in Fig. 2, is specified for MC. To assess model
fit, several statistics are used. Root mean square resid-
ual (RMSR) is a typical measure for overall model fit.
It is an average of the residuals between observed and
estimated input matrices. A smaller value of RMSR
represents a better model fit. The goodness-of-fit in-
dex (GFI) also represents the overall degree of fit (the
squared residuals from prediction compared to the
actual data), but it is not adjusted for the degrees of
freedom. GFI ranges in value from 0.0 (no fit) to 1.0
(perfect fit). Adjusted goodness-of-fit index (AGFI),
which is an extension of GFI, is the most popular
parsimonious fit measure. AGFI is adjusted by the
ratio of degrees of freedom for the proposed model to
the degrees of freedom for the null model. The basic

objective is to diagnose whether model fit has been
achieved by “over-fitting” the data with too many co-
efficients. Comparative fit index (CFI), which ranges
from 0.0 to 1.0, relates the proposed model to some
baseline model (null model) — some realistic model
that all other models should be expected to exceed.
The ratio ofχ2 to degrees of freedom provides infor-
mation on the relative efficiency of competing models
in accounting for the data.

The recommended maximum value for RMSR is
0.10 (Chau, 1997). For GFI, AGFI and CFI, a com-
monly recommended minimum value for a very good
fit is 0.90 (Segars and Grover, 1993; Hair et al., 1995).
The ratio ofχ2 to degrees of freedom is recommended
to be less than 3.0 to indicate a reasonable fit (Segars
and Grover, 1993).

The initial MC model, shown in Fig. 2, had a GFI
of 0.89, AGFI of 0.82 and CFI of 0.88. These are be-
low the recommended minimum level, indicating that
further modification may be required. Following Sethi
and King (1994), iterative modifications were made by
observing modification indices (error correlation be-
tween items) andλ coefficients to improve key model
fit statistics. As recommended by Joreskog and Sor-
bom (1989) only one item was removed at a time.

The modification of the MC instrument went
through three steps. First, MC3 was dropped because
of its low λ coefficient and because it was judged to
be unclear. The model was reassessed, but AGFI and
CFI were below 0.90. The errors between items MC1
and MC2 were highly correlated. Because MC1 had
a lower λ than MC2 and because MC1 seemed to
have significant overlap with MC6, it was dropped.
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Table 2
MC measurement model modification process

Fit
indices

Initial
model

After
removing
MC3

After
removing
MC1

After
removing
MC9

RMSR 0.062 0.060 0.054 0.034
GFI 0.89 0.90 0.93 0.97
AGFI 0.82 0.82 0.86 0.94
CFI 0.88 0.89 0.93 0.98
χ2 167.63 126.57 71.06 22.97
df 27 20 14 9
χ2/df 6.2 6.3 5.1 2.6

In the third step, the model was reassessed, but AGFI
was still under 0.90. The errors for MC9 were highly
correlated with the errors for two other items, and
MC9 seemed to be redundant with MC7. MC9 was
dropped and the model was assessed again. At this
point, all fit indices were above 0.90 and allλ coeffi-
cients were above 0.60, which indicates a very good
model fit. The fit indices at each step are presented
in Table 2. The final MC measurement model is dis-
played in Fig. 3, and the items in the final instrument
are identified by an asterisk in Table 1.

For TBMP, tests of discriminant validity were com-
pleted. For discriminant validity, the test involved
pair-wise LISREL measurement modeling. This test
ensures the uniqueness of the measures for the seven
sub-dimensions of TBMP (shop floor employee in-
volvement in problem solving (EI), reengineering
setups (RS), cellular manufacturing (CM), preventive
maintenance (PR), quality improvement efforts (QI),
dependable suppliers (DS), and pull production (PP)).
The correlation between each pair of measurement
instruments was constrained to be one, and theχ2

Fig. 3. Final MC measurement model.

value of this constrained model was compared to the
χ2 value for the unconstrained model. A difference
in theχ2 values of the two models that is significant
at theP < 0.05 level would indicate support for the
discriminant validity criterion. Table 3 reports the re-
sults of the 21 pair-wise tests of discriminant validity.
All χ2 differences are significant at theP < 0.01
level, indicating strong support for the discriminant
validity criterion.

TBMP was conceptualized as a second-order
model composed of these seven dimensions. LISREL
was used to determine whether a higher-order fac-
tor model is appropriate for TBMP. The fit statistics
were GFI = 0.88, AGFI = 0.84, and CFI= 0.92,
and the RMSR= 0.058. Even though the GFI and
AGFI were below the recommended minimum for
a very good fit, these results are acceptable. The
λ coefficients were all significant atP < 0.01.
The target coefficient, which is the ratio of theχ2

value for the first-order model to theχ2 value for
the higher-order model, was calculated (Marsh and
Hocevar, 1985). It reflects the extent to which the
higher-order factor model accounts for co-variation
among the first-order factors. The target coefficient
can be interpreted as the percent of variation in
the first-order factors that can be explained by the
second-order construct. In this case,χ2 of the first
model was 535.32 and of the second-order model
was 563.66. The target coefficient index is 94.9%,
which is strong evidence of a higher-order TBMP
construct.

To check the unidimensionality of VC, exploratory
factor analysis with varimax rotation and mean sub-
stitution was performed using all the items of the VC
construct. A single factor emerged with all the items
loading on the factor and all factor loads above 0.60.
Thus, a single-factor LISREL measurement model was
specified for VC. The model reveals very good mea-
surement properties. The RMSR is 0.039, and the fit
indices for GFI, AGFI, and CFI are 0.97, 0.91, and
0.96, respectively.

4.1.2. Assessing reliability
The reliabilities of MC, TBMP, and VC were as-

sessed with Cronbach’s (1951) alpha. The alpha score
is 0.84 for the final MC instrument. Reliability for the
seven TBMP sub-dimensions is given in Appendix A.
Reliability for VC is 0.80. All the instruments have
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Table 3
Assessment of discriminant validity for TBMP instrumentsa

Model fit indices χ2 Statistics Difference

Description Unconstrained Constrained Unconstrained model (df) Constrained model (df)

GFI AGFI GFI AGFI

EI with RS 0.98 0.92 0.88 0.76 23.18 (13) 118.39 (14) 95.21
EI with CM 0.94 0.87 0.80 0.59 62.07 (13) 229.89 (14) 167.82
EI with PR 0.99 0.98 0.82 0.59 5.09 (8) 169.22 (9) 164.13
EI with QI 0.94 0.85 0.82 0.59 59.64 (8) 167.74 (9) 108.10
EI with DS 0.96 0.92 0.81 0.62 44.08 (13) 222.56 (14) 178.48
EI with PP 0.98 0.96 0.83 0.67 22.05 (13) 177.41 (14) 155.36

RS with CM 0.93 0.87 0.75 0.54 86.83 (19) 358.31 (20) 271.48
RS with PR 0.97 0.94 0.74 0.47 34.07 (13) 267.35 (14) 233.28
RS with QI 0.97 0.93 0.85 0.69 36.58 (13) 171.41 (14) 134.83
RS with DS 0.96 0.92 0.70 0.45 55.33 (19) 376.53 (20) 321.20
RS with PP 0.97 0.94 0.72 0.50 40.58 (19) 319.08 (20) 278.50

CM with PR 0.95 0.90 0.61 0.22 52.69 (13) 505.61(14) 452.92
CM with QI 0.95 0.89 0.78 0.56 58.41 (13) 268.22 (14) 209.81
CM with DS 0.95 0.90 0.74 0.54 72.20 (19) 377.13 (20) 304.93
CM with PP 0.91 0.83 0.80 0.64 111.20 (19) 283.79 (20) 172.59

PR with QI 0.99 0.97 0.80 0.54 9.72 (8) 200.35 (9) 190.63
PR with DS 0.96 0.92 0.69 0.39 42.99 (13) 357.35 (14) 314.36
PR with PP 0.98 0.96 0.70 0.40 18.22 (13) 402.72 (14) 384.50

QI with DS 0.97 0.93 0.78 0.57 36.62 (13) 280.13 (14) 243.51
QI with PP 0.97 0.93 0.80 0.61 36.61 (13) 228.41 (14) 191.80

DS with PP 0.96 0.93 0.70 0.46 48.44 (19) 370.06 (20) 321.62

a All χ2 differences are significant (for one degree of freedom) at the less than 0.01 level. GFI: goodness of fit index; AGFI: adjusted
goodness of fit index; df: degree of freedom.

reliabilities above 0.77, which is considered to be ac-
ceptable.

4.2. Results of structural modeling

The theoretical framework illustrated in Fig. 1 has
three hypothesized relationships among the variables
TBMP, MC, and VC. As illustrated in Fig. 4a, the
model fit was very good with all indices meeting the
recommended criteria. Based on the LISREL path co-
efficients, the impact of TBMP on VC may be greater
than the impact of MC on VC, so alternate models
were evaluated to determine if the model in Fig. 4a had
the best fit. In Fig. 4b, TBMP and MC were treated as
independent constructs. The LISREL path coefficients
for TBMP on VC and MC on VC are both significant
atP < 0.01, which indicates that TBMP and MC have
independent affects on VC. In Fig. 4c, the direct link
between TBMP and VC was dropped. As expected,

the LISREL path coefficient between MC and VC be-
came much stronger. The fit statistics for the models
in Fig. 4b and c were not as good as the fit statistics for
the model in Fig. 4a. These statistics are listed in each
figure. When the modification indices were examined
for the model in Fig. 4b, the indices suggested that a
relationship exists between TBMP and MC. When the
modification indices were examined for the model in
Fig. 4c, the indices suggested that a relationship ex-
ists between TBMP and VC. In both models, if these
relationships are included, the models are the same as
the hypothesized model in Fig. 4a.

The results of the model in Fig. 4a support Hypoth-
esis 1, which claims that organizations with high lev-
els of TBMP have high levels of MC. The LISREL
path coefficient is 0.55 which is statistically signifi-
cant atP < 0.01 (t = 7.57). TBMP may help to
achieve MC by increasing customization responsive-
ness while keeping costs low and operating volume
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Fig. 4. (a) LISREL structural model; (b) LISREL structural model; (c) LISREL structural model.

high. TBMP, such as reengineering setups and cellu-
lar manufacturing, reduce changeover time and costs.
TBMP also enable firms to switch more quickly and
economically from one product to another, and they

provide more usable capacity because equipment has
less down time for setups.

Hypothesis 2 is also supported which indicates
that TBMP may have a direct impact on VC. The
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LISREL path coefficient is 0.33 which is statistically
significant atP < 0.01 (t = 3.83). TBMP, such as
quality improvement efforts and pull production, are
important factors in creating VC even in the absence
of MC. Value to customer will increase as firms pro-
duce high-quality products and sell them at lower
prices. Quality improvement efforts and developing
dependable suppliers can improve product quality
and productivity even if product variety does not
increase.

The results also indicate that high levels of MC
lead to increased VC, Hypothesis 3. The LISREL
path coefficient is 0.21 which is statistically signif-
icant at P < 0.01 (t = 2.52). This finding is im-
portant because there has been doubt among some
researchers and practitioner about investment in
product customization capability. This relationship
implies that customers value specialized products
because they have the appropriate features and per-
formance. VC should increase, as firms develop the
capabilities to quickly produce customized products
that meet specific customer application and do so
at a price that is comparable to goods that are mass
produced.

5. Implications for management

MC should be an important competitive dimension
for manufacturing firms operating in the globally com-
petitive 21st century. As customers become more de-
manding, it is essential that management understands
how to design and operate manufacturing systems to
quickly produce a variety of products to meet spe-
cific customer needs while improving quality, main-
taining high-volume production, and keeping prices
low.

In developing a plan to implement MC, managers
want to know which of the TBMP are important for
success. Koufteros’s et al. (1998) study of TBMP
claims that shop floor employee involvement in prob-
lem solving is an antecedent to the other six prac-
tices. Involvement is essential for the design and
implementation of the other process, and it enhances
their effectiveness.

Reengineering setup is important to MC because it
enables firms to reduce the cost and time required to
changeover from producing one part to another. Cut-

ting setup time also increases equipment availability,
which increases its effective capacity. This further re-
duces unit costs and increases the volume of product
available for customers. Volume/capacity enhance-
ments are an important part of mass customization.

Cellular manufacturing allows firms to reduce setup
time by grouping parts with similar design character-
istics and processing requirements. A manufacturing
cell has all of the equipment necessary to produce a
part so material handling time and costs are reduced,
work-in-process inventory is cut, and throughput time
is shortened. These efforts increase equipment avail-
ability and cut costs. In addition, it focuses attention on
the capacity of the system rather than the capacity of
the machine because all the equipment needed to pro-
duce a part is in one place. This enables management
to see unused “system capacity” and to increase output
by more effective management action and equipment
scheduling. When equipment is organized by function
(job shop layout), these “dead times” are much harder
to see and to utilize effectively.

Preventive maintenance focuses on achieving high
equipment availability by greatly reducing unplanned
equipment downtime. When system reliability im-
proves, throughput time is shortened, missed de-
liveries deadlines are reduced, work-in-process and
finished goods inventories are cut, effective capacity
is increased, and production costs are reduced.

Quality improvement efforts are essential to main-
tain high levels of customer satisfaction. Whether
buying commodity products or customized products,
customers still demand high quality. Dependable
suppliers help to build that quality as well as expe-
ditiously provide the variety of goods and services
needed to build customized products for the final
customer.

The MC strategy depends on an organization’s abil-
ity to create a manufacturing system that is capable
of pull production. Pull production breaks down the
barriers between an organization’s technical systems
and its customers, and it supports close coupling of
demand and production.

The correlations between the seven sub-dimensions
of TBMP and MC are: shop floor employee involve-
ment in problem (0.36), reengineering setups (0.49),
cellular manufacturing (0.32), preventive maintenance
(0.40), quality improvement efforts (0.27), dependable
suppliers (0.27), pull production (0.31).
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6. Summary and conclusions

This paper provides theoretical justification for a
framework that defines MC and describes the relation-
ship among TBMP, MC and VC. It examines three
research questions: (1) do firms with high levels of
TBMP have a high level of MC; (2) do firms with a
high level of TBMP have a high level of VC; and (3)
do firms with high levels of MC have a high level of
VC? To investigate these questions, a valid and re-
liable instrument was developed to assess MC. Ex-
tensive efforts were made to ensure content validity
during instrument development by carefully designing
processes for item generation, pre-testing, and pilot
study testing. The MC construct was unidimensional
with strong evidence of convergent validity and high
reliability.

The research design for this study included a
thorough literature review and structured interviews
with manufacturing managers to ensure that the-
ory and practice are linked. A large-sample survey
of manufacturing firms from across the US was
collected, and structural equation modeling, LIS-
REL analysis, demonstrated that there are positive
relationships between TBMP and MC, between
MC and VC, and between TBMP and VC. In ad-
dition, structural equation modeling of the seven
sub-dimensions of TBMP offers statistical evi-
dences to demonstrate that TBMP is a higher-order
construct.

6.1. Research findings

TBMP has a direct and significant impact on
MC. TBMP enables organizations to eliminate waste
(Monden, 1983), increase speed (Stalk and Hout,
1990), and enhance flexibility (Blackburn, 1991;
Koufteros et al., 1998). These competencies form
part of the foundation for achieving customization
responsiveness, customization cost effectiveness, and
customization volume effectiveness.

TBMP also has a direct and significant impact on
VC. To the extent that the seven dimension of TBMP
reduce costs, improve product quality, and shorten the
time from order to delivery it should have a direct im-
pact on VC. This should be true, even when organiza-
tions operate in an environment where product variety
is small. In these cases, reengineering set-up and cel-

lular manufacturing may be less important and quality
improvement efforts and dependable suppliers may be
more important.

The positive impact of MC on VC is also veri-
fied by this study. This implies that customers want
products that meet their needs. Firms with MC capa-
bilities should be able to capture high sales volume
and generate greater profits than competitors with-
out them. These organizations should have high prod-
uct variety, rapid delivery, high operating ratios for
their fixed assets, and competitive prices. MC builds a
loyal customer base and expands production volumes
by manufacturing different products for many finely
tuned market segments on the same equipment and
facilities.

6.2. Limitations of the study and future research

The point of customization (engineered-to-order,
make-to-order, assemble-to-order, and make-to-stock)
may differ across respondents, and these data were
not collected in the study. If the point and degree of
customization are radically different, then the impact
of TBMP on MC may be different. For example, an
engineered-to-order product may require speed and
flexibility in product and process design as well as
in manufacturing. In this case, TBMP alone may
not be sufficient to achieve high levels of MC. A
make-to-stock product may require speed and flexi-
bility in manufacturing but not in product design so
the impact of TBMP on MC may be high. When a
confirmatory study is undertaken, data on the point
and degree of customization should be collected so
their impact on the relationship between TBMP and
MC can be analyzed. The confirmatory study should
examine and corroborate the measurement model for
MC. In addition, research in product development
should be completed to determine which practices
enable firms with engineered-to-order products to
achieve MC.

Nearly all of the organizations in the study had
industrial customers, which means that VC construct
and the framework is relevant for business-to-business
relations. That does not mean the VC construct and
framework is inappropriate for business-to-consumer
relations. A study that focuses on business-to-consumer
relationships could be useful.
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Appendix A. Instruments for time-based manufacturing practices (TBMP) and value to customer (VC)

Time-based manufacturing practices Mean S.D.

Shop floor employee involvement in problem solving (alpha= 0.77)
Shop-floor employees are involved in improvement efforts 4.03 0.72
Shop-floor employees are involved in problem solving teams 3.64 0.95
Shop-floor employees are involved in suggestion programs 3.67 0.96

Reengineering setup (alpha= 0.85)
We use special tools to shorten setup time 3.79 0.77
Our employees are trained to reduce setup time 3.46 0.93
Employees work on setup improvement 3.44 0.93
We redesign or reconfigure equipment to shorten setup time 3.53 0.99

Cellular manufacturing (alpha= 0.79)
Products are classified into groups with similar routing requirements 3.56 0.94
Products are classified into groups with similar processing requirements 3.75 0.80
Equipment is grouped to produce families of products 3.73 1.01
Families of products determine our factory layout 3.58 1.02

Preventive maintenance (alpha= 0.88)
We maintain our equipment regularly 3.70 1.00
We emphasize good preventive maintenance 3.56 1.04
Records of routine maintenance are kept 3.81 0.92

Quality assurance (alpha= 0.81)
We use fishbone type diagrams to identify causes of quality problems 3.04 1.10
Our employees use quality control charts 3.15 1.19
We conduct process capability studies 3.29 1.15

Dependable suppliers (alpha= 0.83)
We receive parts from suppliers on time 3.08 0.94
We receive the correct number of parts from suppliers 3.20 0.91
We receive high quality parts from suppliers 3.47 0.80
We receive the correct type of parts from suppliers 3.56 0.79

Pull production (alpha= 0.84)
Production at stations is “pulled” by the current demand of the next stations 3.19 1.04
Production is “pulled” by the shipment of finished goods 3.36 1.06
We use a “pull” production system 3.21 1.02
Production is “pulled” by an open kanban/bin position 2.84 1.07

Value to customer (alpha= 0.80) Mean S.D.

Our customers are satisfied with the quality of our products 4.13 0.80
Our customers are satisfied with the features that our products provide 4.10 0.57
Our customers are loyal to our products 3.88 0.86
Our customers refer new customers to purchase our products 3.62 0.77
Our customers feel that we offer products with high value 4.07 0.68
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Appendix B. Demographic data for the respondents (sample size 303)

Frequency Percent (%) Batch 1 Batch 2

Frequency Percent (%) Frequency Percent (%)

Firm size
Number of employees

<100 5 1.7 1 0.8 4 2.2
100–499 208 68.6 88 71.5 120 66.7
500–1000 41 13.5 18 14.6 23 12.8
>1000 48 15.8 16 13.0 32 17.8
Unspecified 1 0.3 0 0 1 0.6

Total 303 100 123 100 180 100

Sales volume
Annual sales ($)

<10 million 12 4.0 4 3.3 8 4.4
10–50 million 148 48.8 63 51.2 85 47.2
50–100 million 54 17.8 24 19.5 30 16.7
100–250 million 26 8.6 11 8.9 15 8.3
250–500 million 26 8.6 9 7.3 17 9.4
500–1000 million 9 3.0 3 2.4 6 3.3
1000 million and above 12 4.0 5 4.1 7 3.9
Unspecified 16 5.3 4 3.3 12 6.7

Total 303 100 123 100 180 100

Industry type
Industry

Automotive or parts 40 13.2 16 13.0 24 13.3
Fabricated metal products 85 28.1 35 28.5 50 27.8
Electronics 26 8.6 8 6.5 18 10.0
Electrical equipment 21 6.9 10 8.1 11 6.1
Furniture and fixtures 7 2.3 3 2.4 4 2.2
Appliances 11 3.6 4 3.3 7 3.9
Rubber and plastic products 9 3.0 5 4.1 4 2.2
Industrial machinery and equipment 52 17.2 18 14.6 34 18.9
Transportation equipment 9 3.0 3 2.4 6 3.3
Instruments and related products 20 6.6 11 8.9 9 5.0
Other 23 7.6 10 8.1 13 7.2

Total 303 100 123 100 180 100

Plant type
Type of operations

Job shop 77 25.4 29 23.6 48 26.7
Assembly line 42 13.9 14 11.4 28 15.6
Batch processing 40 13.2 16 13.0 24 13.3
Projects (one-of-a-kind) 15 5.0 5 4.1 10 5.6
Continuous flow process 22 7.3 6 4.9 16 8.9
Flexible manufacturing 37 12.2 20 16.3 17 9.4
Manufacturing cells 68 22.4 31 25.2 37 20.6
Unspecified 2 0.7 2 1.6 0 0

Total 303 100 123 100 180 100
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