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Abstract

Manufacturing firms operating in a post-industrial environment have customers who demand specialized products and
short lead times. To meet these needs, organizations are adopting time-based manufacturing practices to cut time and
improve performance. The central tenet of this study is that time-based manufacturers employ traditional work system
practices including standardization, formalization, and routinization plus integration to improve competitiveness. This study
measures the levels of time-based manufacturing practices, work system practices, and competitive capabilities of 265 firms.
The results indicate that firms with high levels of time-based manufacturing practices tend to have high levels of
standardization and formalization as well as integration. Firms with high levels of standardization and integration tended to
have enhanced competitive capabilities. q 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

An important distinction between industrial and
post-industrial firms is the nature of their manufac-

Žturing systems Doll and Vonderembse, 1991; Hu-
.ber, 1984 . Firms operating in an industrial environ-

ment have predictable time dimensions where they
preplan product and process innovations. In this
environment, firms develop and implement innova-
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tions using the least costly methods and the most
convenient times. Work systems are generally de-
scribed as highly standardized, formalized, and rou-

Ž .tinized Gerwin and Kolodny, 1992; Huber, 1984 .
These characteristics provide managers with the tools
to control action and to ensure quality from the top
down. Industrial era firms seek to attain high levels
of these work system practices through the special-

Žized, functional subdivision of work Mintzberg,
.1979 . This is possible when organizations face a

relatively slow rate of technological change and have
Žlimited product offerings Braverman, 1974; Skinner,

.1985; Thompson, 1967; Weick, 1990 .
In a post-industrial environment, time is com-

Žpressed, variable, and volatile Blackburn, 1991;
.Stalk and Hout, 1990 ; change is frequent and fast
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Ž .paced Toeffler, 1970 ; and adapting to change is a
key success factor. Firms must evaluate and act upon
the high rate of technological innovation and ex-
panded product offering that characterizes this envi-

Žronment Huber, 1984; McCutcheon et al., 1994;
.Nord and Tucker, 1987 . A radical innovation like

time-based manufacturing helps firms respond to the
quickening tempo of customer demand by creating

Žfast and responsive production systems Koufteros
.and Vonderembse, 1998; Koufteros et al., 1998 . To

cope with innovations, organizations should develop
management systems and practices that support and
reinforce change and enable firms to quickly produce

Žand deliver customized products Doll and Von-
.derembse, 1991 .

Ž .According to Grover et al. 1995 , change man-
agement research illustrates the strong association
between successfully implementing radical innova-
tion and the ‘‘refreezing’’ stage, which institutional-
izes change and restores equilibrium to the organiza-
tion. It allows for the development of prescribed

Ž .work procedures and methods i.e., standards and
Ž .written documentation i.e., formal knowledge . The

successful implementation and subsequent repetitive
Ž .application i.e., routine use of new innovations

within firms depends upon the outcome of these
efforts. Thus, the diffusion of new technologies may
be enhanced in post-industrial firms when clear stan-
dards and written documentation are developed.

A central tenet of this study is that post-industrial
firms employing time-based manufacturing practices
Ž .Koufteros et al., 1998 achieve high levels of work
system standardization, formalization, and routiniza-

Žtion as well as integration Doll and Vonderembse,
.1991 . These practices are achieved through the im-

plementation of cross-functional decision processes
designed to support rapid technological change.
Cross-functional decision processes create greater
work system integration, collapse traditional organi-
zational boundaries, and promote the interdependen-

Ž .cies of work Gerwin and Kolodny, 1992 . Thus,
while management often prescribes and imposes for-
mal work standards upon industrial era workers, such
standards often emerge from the cross-functional
decision processes engaged in by post-industrial
workers.

The number of standards may be greater in post-
industrial organizations than in industrial organiza-

tions because post-industrial organizations face
greater product and process variety. Therefore, it
may be more important for post-industrial firms to
formalize their procedures and methods. Over time,
as these standards are carefully documented, dissem-
inated, and understood, a routine develops that en-
ables post-industrial organizations to improve their

Ž .competitive capabilities Koufteros et al., 1997 .
This paper develops a framework that relates

time-based manufacturing practices, work system
practices, and competitive capabilities. It examines

Ž .three research questions: 1 do post-industrial orga-
nizations that possess high levels of time-based man-
ufacturing practices have high levels of standardiza-

Ž .tion, formalization, routinization, and integration; 2
when standardization is achieved, does it lead to
formalization, which, in turn, leads to routinization;

Ž .and 3 do these work system practices lead to
enhanced competitive capabilities? To test these
questions, valid and reliable measures of standardiza-
tion, formalization, routinization, and integration are
constructed based on theory and literature and using
generally accepted psychometric principles. Linear

Ž .Structural Equation Modeling LISREL is used to
test the relationships.

2. Framework to relate time-based manufacturing
practices, work system practices, and competitive
capabilities

This section describes the research framework
illustrated in Fig. 1. It discusses time-based manufac-
turing practices and competitive capabilities that are

Ž .described in Koufteros et al. 1998 and Koufteros et
Ž .al. 1997 , respectively. It provides definitions and

theory development for standardization, formaliza-
tion, routinization, and integration as a foundation
for instrument development. Theory and literature
support the hypothesized relationships shown in
Fig. 1.

2.1. Research framework

Time-based competitors focus on customers. They
enhance responsiveness by squeezing time from ev-
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Fig. 1. Work system practices of time based manufacturing firms and their impact on competitive capabilities.–

ery facet of the value-delivery system, and they
develop systems that can quickly design, produce,
and deliver a variety of products targeted to meet

Žspecific customer needs Blackburn, 1991; Stalk and
.Hout, 1990 . Time-based manufacturing is one as-

pect of being a time-based competitor. As illustrated
in Fig. 1, time-based manufacturers involve shop
floor employees in problem solving, reengineer setup,
implement cellular manufacturing, initiate preventive
maintenance programs, enhance quality improvement
efforts, cultivate relationships with dependable sup-

Žpliers, and achieve pull production Koufteros et al.,
.1998 .

Time-based manufacturers are expected to have
work systems that are standardized, formalized, rou-
tinized, and integrated. Standardization and formal-
ization enable time-based competitors to respond
quickly because procedures and methods are estab-

Žlished, disseminated, and understood Gerwin and
.Kolodny, 1992; Huber, 1984 . To facilitate a rapid

response, these standards can be organized and codi-
fied for quick and easy access via electronic media.
If a new product or production process requires new

procedures and methods, an electronic database and
a search engine enable a speedy review of existing

Žstandards Forester, 1985; Rosenthal and Tatikonda,
.1993; Sanderson, 1992 . This approach allows firms

to have both speed and flexibility while maintaining
discipline in the development of new standards and
in the execution of work. In this way, organizations
learn to cope with change. As these actions are
infused into the organization, its ability to do work
becomes routine, even if the specific procedures vary
from one product to the next. This enables firms to
routinize methods and procedures even though the
number of standards may be high and their fre-
quency of repetition may be low. Work system
practices should be integrated across functions in
order to quickly design, produce, and deliver prod-

Ž .ucts to the customer Vonderembse et al., 1997 .
As time-based manufacturers achieve high levels

of these work system practices, their competitive
capabilities should improve. Successful firms com-

Žpete simultaneously on multiple dimensions Ferdows
.and De Meyer, 1990; Roth and Miller, 1992 . They

may pursue competitive pricing in one product or
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product line while seeking premium pricing in an-
other. Even for the same product, firms may seek
premium pricing at one point in its product life cycle
and seek competitive pricing at another. Value to
customer quality, dependable delivery, and product
innovation are important competitive dimensions for

Ž .time-based competitors Koufteros et al., 1997 .

2.2. Time-based manufacturing

Ž .Koufteros et al. 1998 describe a research frame-
work for time-based manufacturing and define seven

Ž .practices see Appendix A . How do these practices
differ from just-in-time? Time-based manufacturers
focus externally on customers and implement these
practices to shorten response time. According to

Ž .Monden 1983 , just-in-time is an internally focused
production system that eliminates unnecessary steps
in the production process; its primary purpose is cost

Ž .reduction. Abegglen and Stalk 1985 observe that
just-in-time innovators became the first time-based
competitors as their emphasis on cutting waste
decreased manufacturing throughput time and ulti-
mately propelled time reduction throughout the or-
ganization. This ability to compress manufacturing
cycle time translated into faster asset turnover, in-
creased output and flexibility, and more satisfied

Ž .customers Blackburn, 1991 .

2.3. CompetitiÕe capabilities

Competitive capabilities are external dimensions
of competition that customers value. Corbett and

Ž .Wassenhove 1993 argue that manufacturing-related
competitive capabilities represent the product, place,
and price dimensions of marketing mix. ‘‘Product’’
refers to the quality and innovation of the product.
‘‘Place’’ includes effective delivery. ‘‘Price’’ refers
to the amount a customer pays for the product and
may involve competitive prices or premium prices.

Ž .Koufteros et al. 1997 describe a research frame-
work for competitive capabilities and define the five

Ž .dimensions listed in Fig. 1 see Appendix B . These
dimensions are also described by Cleveland et al.
Ž . Ž .1989 , Roth and Miller 1990 , Safizadeh et al.
Ž . Ž .1996 , and Vickery et al. 1997 .

2.4. Work system practices

Post-industrial firms that employ time-based man-
ufacturing practices should achieve standardization,
formalization, routinization, and integration. These
work system practices are defined, and their roles in
the organization are discussed.

2.4.1. Standardization
Ž .Mintzberg 1979, pp. 3–9 defines standardization

as a means to coordinate work by clearly defining
Žthe roles of each participant. Mintzberg 1979, pp.

. Ž .4–8 and Thompson 1967, pp. 16–23 describe
standardization as having three components: input
skills, work processes, and outputs, which enable
organizations to coordinate actions and function ef-
fectively. Skills are standardized when the kind of
training required to perform the work is specified.
Processes are standardized when the contents of the
work are specified or programmed. Outputs are stan-
dardized when the results of the work are specified.

Ž .Standardization, as defined by Mintzberg 1979 ,
does not require a firm to have a limited number of
standards or products.

For time-based manufacturers coping with vary-
ing customer demands, standardization is important.
Standardization includes the operating procedures

Ž .and methods used to build products work processes
Ž .and assess performance output measures . These

procedures and methods may emerge over time by
trial and error and consensus building, may be pre-
scribed by management, or may be developed by
cross-functional teams focusing on process impro-

Ž .vements Price and Mueller, 1986 . These work
processes and output standards focus attention on
customers and become the basis for training the
workforce, i.e., input skills.

2.4.2. Formalization
Ž .Mintzberg 1979, pp. 81–83 describes formali-

zation as ‘‘the organization’s way of proscribing
discretion.’’ With formalization by job, work is
documented in a written job description. With for-
malization by workflow, workers are provided writ-
ten instructions for each job. With formalization by
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rule, organizations may develop different rules for
Ž .each situation. Inkson et al. 1970 and Miller and

Ž .Droge 1986 indicate that documents should be
written and accessible. Without documentation, stan-
dard operating procedures and work methods are
subject to misinterpretation and often lose meaning
as they are communicated orally from one person to
the next. Over time, organizations may forget their
purpose, including the many reasons why they were

Ž .developed Levitt and March, 1988 . When formal-
ized, their meaning becomes fixed, thus allowing for
the creation of a more consistent definition with a
historical record of their evolution. The full meaning
and benefits of the written documentation can be
shared freely between departments, across plants,

Žand throughout the firm Argotte and Epple, 1990;
.Levitt and March, 1988 . Formalization can clarify

the unknown and aid individual workers in quickly
learning new operating procedures and production
methods.

For time-based manufacturers, formalization
should be the degree to which procedures and meth-
ods are explicitly formulated. Formalization may
take the shape of written operating procedures, qual-
ity improvement methods, employee handbooks, and
other documents that direct employee action towards

Žcustomer requirements Khandwalla, 1974; Price and
.Mueller, 1986 .

2.4.3. Routinization
Routinization refers to the degree to which a job

is performed over and over again. Workers who
perform the same tasks, operate the same machinery
and equipment, use the same tools, and follow the
same procedures on a daily basis characterize a
routine production environment.

Time-based manufacturers have a wide range of
products, but their equipment and process technolo-
gies enable them to manufacture differentiated, low-
volume products in a quasi-continuous manner
Ž .Huber, 1984; Weick, 1990 . These firms may never
capture the high levels of routinization that their
industrial era predecessor enjoyed. Nonetheless, flex-
ible and responsive manufacturing technologies and
processes allow them to maintain a degree of repeti-
tiveness, even when working on different products.
For example, after redesigning setup activities, a

manufacturing firm should be able to quickly change
from one product to the next with minimal time loss
and small variations in procedures and methods
Ž .Schonberger, 1986; Shingo, 1985 . While the spe-
cific tasks may differ somewhat for each changeover,
the tools, techniques, and actions have much in
common.

2.4.4. Integration
Integration is the process of blending elements of

the organization into a united whole. When organiza-
tions face a complex and uncertain environment,
they are more likely to use integrative devices such
as task forces, committees, or liaisons to increase

Žtheir chances for success Galbraith, 1973; Germain
et al., 1994; Lawrence and Lorsch, 1967; Miller,

.1983; Miller and Droge, 1986 . Time-based manu-
facturers operate in a stochastic environment domi-
nated by randomly occurring and unpredictable
events. As management struggles to gather and pro-
cess more information, make increasingly complex
decisions, and implement these decisions in a timely
manner, they delegate decision-making to lower-level
work groups. The increased interdependence and
cross-training of workers gradually diminishes exist-
ing job and work group boundaries, increases indi-
vidual task meaningfulness, and expands the ex-
change of information between individual work group

Ž .members Susman, 1990 .
In this process, workers often join together to

form cross-functional teams for decision-making.
When workers join multiple teams, these teams be-
come inter-linked as their members share informa-
tion and mutual learning experiences. The linkages

Žbetween these teams may be intended i.e., pre-
. Žscribed by management or unintended i.e., occur

.by chance . In either case, they provide a valuable
service by facilitating greater organizational learning
while serving as a forum for integrated decision-

Ž .making Romme, 1997 . This allows for the overlap-
ping of product and process development activities
that govern the exchange of information and the
parallel execution of previously sequential activities
Ž .Krishnan et al., 1997 .

Greater work system integration through cross-
functional involvement and decision-making is nec-
essary to implement change. Planned changes are
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proposals for action that alter organizational prac-
tices; they promote the revitalization of organizations
by responding to demands for new products, ser-

Ž .vices, and organizational policies Nutt, 1986 . The
more discontinuous the change, the greater the level
of cross-functional interaction, mutual support, and
decision-making that is required for its successful

Ž .implementation Shrivastava and Souder, 1987 .

2.5. Hypotheses

Fig. 1 illustrates 10 hypotheses among the time-
based manufacturing practices, work systems prac-

Žtices standardization, formalization, routinization,
.and integration , and competitive capabilities. Hy-

potheses 1 Hypotheses 2 Hypotheses 3 Hypotheses 4
claim that firms with high-levels of time-based man-
ufacturing practices have high-levels of these work
system practices.

As time-based manufacturers strive to reduce set-
up time, to design and implement cellular manufac-
turing layouts, and to institute preventive mainte-
nance programs, they tend to develop, codify, and
disseminate methods and procedures that guide ac-
tions and assess outcomes. As the changeover pro-
cess is streamlined and reengineered, it becomes

Ž .frequent, standardized, and routine Shingo, 1985 .
Cellular manufacturing enables firms to produce a
wide variety of products, in varying quantities, using
equipment organized around families of parts
Ž .Gerwin and Kolodny, 1992; Stalk, 1988 . Cellular
manufacturing leads to greater standardization be-
cause parts with similar characteristics and process-

Žing requirements are grouped together Bodde, 1976;
.Duimering et al., 1993; Hyer and Wemmerlov, 1984 .

Preventive maintenance programs facilitate mainte-
nance in a scheduled, uniform manner, and they
create standardized procedures and methods that fo-
cus on increasing overall equipment effectiveness

Žand reliability Bockerstette and Shell, 1993; Naka-
.jima, 1988 . These practices enable firms to rou-

tinely produce small batches of products on the same
fixed assets using the same or similar input skills and

Žwork processes Adler, 1988; Wheelwright and
.Hayes, 1985; Koufteros et al., 1998 .

To implement preventive maintenance, quality as-
surance, and supplier selection programs, time-based
manufacturers pursue formalization through the cap-

ture and clarification of how, when, and why these
Žprocesses should be performed Bockerstette and

Shell, 1993; Chapman and Carter, 1990; Deming,
1982, 1986; Juran, 1989; Nakajima, 1988; Schon-

.berger, 1986 . Providing written documentation in
printed or electronic media enables organizations to
communicate procedures and methods quickly and
accurately. It facilitates training efforts and enhances
execution.

Time-based manufacturing practices lead to in-
creased integration because these practices require
groups of people from different function to work
together to solve complex problems. For example,
quality planning and improvement efforts require
team-based solutions that capture the collective
knowledge and experience of employees in manufac-
turing, quality control, and engineering. Employee
involvement programs drive work system integration
because communications and group decision-making

Ž .are increased Hall, 1987; Pace, 1989 . The imple-
Ž .mentation of quality function deployment QFD re-

quires intense vertical and horizontal integration to
effectively drive customer requirements through the

Žfirm Sullivan, 1986; Vonderembse and Raghu-
.nathan, 1997 . The QFD implementation process is

considered much too large and complex for any
single person or department to manage alone, so

Žcross-functional teams are essential Flynn et al.,
.1994; Imai, 1986; Juran, 1989; Robinson, 1991 . The

hypotheses are as follows:

Hypothesis 1. Organizations with a high level of
Time-Based Manufacturing Practices will have high
Standardization.

Hypothesis 2. Organizations with a high level of
Time-Based Manufacturing Practices will have high
Formalization.

Hypothesis 3. Organizations with a high level of
Time-Based Manufacturing Practices will have high
Routinization.

Hypothesis 4. Organizations with a high level of
Time-Based Manufacturing Practices will have high
Integration.
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Hypotheses 5 and 6 describe the relationships
among the work system practices. As firms strive to
increase standardization and produce an increasing
variety of products, they organize their procedures
and methods for fast and easy review, retrieval, and
modification. Electronic databases and search en-
gines enable a quick assessment of existing proce-

Ždures and methods Rosenthal and Tatikonda, 1993;
.Sanderson, 1992 . These efforts lead to written docu-

Ž .mentation Grover et al., 1995 . This increased for-
malization enables firms to develop a pattern or
routine in their manufacturing processes even though

Žthe products and process may vary Argotte and
.Epple, 1990; Levitt and March, 1988; Skinner, 1985 .

As the standards are carefully documented, dissemi-
nated, and understood, a routine develops that in-

Žfuses change into the organization Grover et al.,
.1995; Koufteros and Vonderembse, 1998 .

To illustrate these points, consider the rate at
which time-based competitors develop quality sys-
tems to attain QS 9000 or ISO 9000 certification.
Quality improvement efforts require organizations to

Ž .develop procedures and methods standards to as-
sess and manage quality. These standards must be

Ž .written formalized and understood throughout the
organization. In this way, quality improvement ef-
forts become a routine, day-to-day activity of man-
agement and labor. They also become an integral
part of the organization’s actions because inputs

Žfrom several functions e.g., product design engi-
neering, process design engineering, marketing,

.manufacturing, and shop floor employee are re-
quired to develop and implement the standard that

Ždetermines quality Deming, 1982, 1986; Juran,
.1989 . The hypotheses are as follows:

Hypothesis 5. A high level of Standardization leads
to a high level of Formalization.

Hypothesis 6. A high level of Formalization leads to
a high level of Routinization.

Hypotheses 7 Hypotheses 8 Hypotheses 9 Hy-
potheses 10 state that higher levels of standardiza-
tion, formalization, routinization, and integration
should improve a firm’s competitive capabilities.
Standards guide work execution and provide a means
of coordinating actions among workers or work

groups so that effectiveness and efficiency are im-
Ž .proved Bodde, 1976; Mintzberg, 1979 . As stan-

Ž .dards are developed and implemented, 1 response
time is reduced, which improves delivery depend-
ability and enables the organization to develop effec-

Žtive pricing strategies Blackburn, 1991; Stalk and
. Ž .Hout, 1990 , and 2 errors decline, which improves

Ž .value to customer quality Deming, 1982, 1986 and
enhances the firm’s ability to compete on price.
Standards that are written to be guidelines for actions
rather than constraints provide the basis for a quick
response to diverging customer demands.

Formalization enables an organization to cope
with the increasing complexity of a quick-response,

Žmultiple-product environment Koufteros and Von-
.derembse, 1998 . It enhances a firm’s competitive-

ness by making it faster and easier to develop and
implement new product and process ideas. Written
procedures and methods can be organized for quick
review, refinement, and dissemination, especially
when electronic media and databases are used to

Žstore the information Rosenthal and Tatikonda,
.1993; Sanderson, 1992 . In this way, existing prod-

uct designs and manufacturing processes can be ac-
cessed, reconfigured, and implemented quickly and
at low cost. This enhances the product innovation
capability, increases delivery dependability, and en-
ables price competition.

As formalization increases, an organization’s abil-
ity to do work becomes routine, even if the specific

Žprocedures vary from one product to the next Weick,
.1990 . The ability to make these different tasks

routine enables time-based manufacturers to produce
differentiated products that meet specific customer
requirements, thus increasing the organization’s
competitive capabilities. Routinization supports the

Žintroduction of new products and features product
.innovation and increases the likelihood of depend-

able delivery.
As manufacturing systems become integrated, or-

ganizations gain the capability of quickly develop-
ing, producing, and delivering products that delight

Ž .the customer Vonderembse et al., 1997 . Integration
increases interdependence and cross-training, which
leads to knowledge sharing, better decisions, and

Ž .enhanced competitive capabilities Susman, 1990 .
Integration enables the firm to mount a coordinated
response to customer requests.
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The hypotheses are as follows:

Hypothesis 7. Organizations with high Standardiza-
tion will have high Competitive Capabilities.

Hypothesis 8. Organizations with high Formaliza-
tion will have high Competitive Capabilities.

Hypothesis 9. Organizations with high Routinization
will have high Competitive Capabilities.

Hypothesis 10. Organizations with high Integration
will have high Competitive Capabilities.

3. Research methods

Methods used to develop valid and reliable mea-
sures of the work system practice variables are de-
scribed initially. Next, methods for testing the struc-
tural model illustrated in Fig. 1 and defined by
Hypotheses 1 Hypotheses 2 Hypotheses 3 Hypothe-
ses 4 Hypotheses 5 Hypotheses 6 Hypotheses 7
Hypotheses 8 Hypotheses 9 Hypotheses 10 are dis-
cussed. Finally, survey methods and sample charac-
teristics are specified.

3.1. Item generation, structured interÕiews, and pre-
testing

An instrument has content validity if both the
research subjects and the researchers agree that the
items cover the major aspects of the variable being

Ž .measured Nunnally, 1978 . Potential items for work
Žsystem practices i.e., standardization, formalization,

.routinization, and integration have been developed
based upon an extensive review of the manufacturing

Žliterature Doll and Vonderembse, 1991; Forester,
.1985; Gupta, 1988; Huber, 1984; Skinner, 1985 .

Ž .Price and Mueller’s 1986 handbook on organiza-
tional measurement was a source of items and
strongly influenced the process of instrument devel-
opment.

Ž .Miller and Droge 1986 identify scales from the
ŽAston studies Inkson et al., 1970; Pugh and Hick-

. Ž .son, 1976 and Khandwalla 1974 that relate to
Ž .formalization. Khandwalla’s 1974 scale measures

the formalization of control mechanisms such as
standard costing, inventory control and production
scheduling by operations research techniques, sys-
tematic evaluation of senior personnel, and the use of
internal rate of return or present values in evaluating
investments. The scales from the Aston studies mea-
sure the degree of specialization in the organization
and the use of documents such as written employ-
ment contracts and information booklets. The formal-
ization scale developed in this study focuses on the
formalization of operating practices, including qual-
ity control procedures and production processes.

Ž .Miller 1983 developed scales to measure struc-
tural liaison devices and process liaison mechanisms,
which have points in common with the integration

Ž .instrument developed in this study. Miller’s 1983
scales and the scale developed here measure some
degree of cross-department or cross-functional deci-
sion-making. The integration scale in this study em-
phasizes the use of cross-functional teams to manage
projects and make operating decisions, which seems
to be relevant for this research.

Five-point Likert scales were used to measure
work system practices. Respondents were asked to
indicate the strength of their agreement with each
question. The possible responses included: 1s
Strongly Disagree, 2sMildly Disagree, 3sNeutral,
4sMildly Agree, 5sStrongly Agree, and NAs
Not Applicable or Do Not Know.

ŽFour managers three production managers and
.one product development manager reviewed the list

of questions. They were given 1 week to examine the
model in Fig. 1, review the format of the proposed
instruments, evaluate the target respondent informa-
tion, and assess the language and clarity of ques-
tions. During the structured interview process that
followed, they were asked to comment on their
reasons for wanting a particular question modified or
dropped. They were encouraged to suggest additional
questions and improve the overall design, structure,
and wording of the instruments.

For the pre-test, the instruments were given to
three manufacturing managers and eight academic
experts from the fields of operations management
and industrial engineering. They were instructed to
mark each question as keep, modify, or drop, and to
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comment on the appropriateness of the research con-
structs, including the methods and measures to be
used. The instruments were revised again to reflect
feedback from the participants. These steps were
taken to ensure the content validity, reliability, and
brevity of the instruments, as well as their internal
and external validity.

3.2. Pilot study and large-scale study

For the pilot study, 500 potential respondents
were selected randomly from the mailing list. The
list, with 6769 organizations, was created from a
commercial mailing list purchased from Manufactur-
ers’ News. It contained senior manufacturing man-
agers and executives from SIC codes: a25 — Furni-
ture and Fixtures, a34 — Fabricated Metals, a35
— Industrial Machinery and Equipment, a36 —
Electronic and Other Equipment, a37 — Trans-
portation Equipment, and a38 — Instruments and
Related Products. All firms had at least 250 employ-
ees. Thirty-seven usable responses were received.

The first step was to purify the items as described
Ž .by Churchill 1979 . In addition, the item inter-corre-

lation matrices provided by SPSSX were utilized to
drop items if they did not strongly contribute to

Ž .Cronbach’s 1951 alpha. As a guideline, items with
Ž .a corrected item total correlation CITC below 0.50

were eliminated. In the pilot study, items that did not
contribute strongly to alpha, but whose content was
considered important to the research, were desig-
nated for modification.

ŽThe items related to a specific dimension e.g.,
.standardization were submitted to exploratory factor

analysis to assess the dimension’s internal consis-
tency. The principal components approach was se-
lected for the extraction procedure, with the varimax
method used for factor rotation. The MEANSUB
command was used within SPSSX to replace the
very small number of missing values with the mean
for that item. Items that did not load at 0.60 or above
were eliminated unless they were considered to be
important for the research. These were identified for
modification. The adequacy of the sample size for
factor analysis was calculated using the Kaiser–

Ž .Meyer–Olkin KMO measure of sampling ade-
Ž .quacy. Kaiser 1974 has characterized KMO mea-

sures in the 0.90’s as outstanding, the 0.80’ as very
good, the 0.70’s as average, the 0.60’s as tolerable,

the 0.50’s as miserable, and below 0.50 as unaccept-
able. In the pilot study, items that had weak factor
loadings were designated for modification if their
content was considered important to the research.

Ž .This is consistent with Dillon and Goldstein’s 1984
recommendation that the researcher consider an
item’s importance to the research as well as its
loading during factor interpretation.

The external consistency of work system practices
was evaluated by submitting simultaneously the items
for all four factors to exploratory factor analysis. No
constraint was placed on the number of factors that
could emerge. The method of extraction was princi-
pal components with varimax rotation. Items that did
not load at 0.60 or more were usually eliminated.

Ž .The pilot study sample size 37 was smaller than the
Ž . Ž .recommended minimum size 50 Hair et al., 1995 ,

but the KMO measure for each construct indicates
that factor analysis was possible. The reliability of
the remaining items was assessed using Cronbach’s
Ž .1951 alpha.

The instruments developed in the pilot study are
shown in Table 1. Detailed results of the pilot study
are available from the authors.

3.3. Methods for structural model testing

LISREL was used to test the structural relation-
Žships identified in Fig. 1 Joreskog and Sorbom,

.1984 . To assess the overall fit of the model, the
Ž .goodness of fit index GFI and the adjusted good-

Ž . Žness of fit index AGFI were calculated Byrne,
. Ž . Ž1989 . In addition, the normed fit index NFI Be-

.ntler and Bonnet, 1980 and the comparative fit
Ž . Ž .index CFI Bentler, 1990 were calculated. These

Ž . Ž .indices range from 0.0 no fit to 1.0 perfect fit .
Values between 0.80 and 0.89 represent a good fit
while values above 0.90 represent a very good fit. If
the model fits the data well, the magnitude of the
LISREL path coefficients can be examined for statis-
tical significance. The test for significance compares
the estimated parameter to its standard error and has

Ž .a t-distribution Marsch and Hocevar, 1985 .

3.4. SurÕey methods and sample characteristics

After the pilot study, the mailing list contained
6269 potential respondents. An introductory cover
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letter, the survey questionnaire, and postage paid
return envelope were mailed to these respondents. A
total of 351 responses were received from the large-
scale study mailing. Of these, 53 survey packets
were returned unopened as undeliverable. Twenty-
seven packets were returned with markings indicat-
ing that their company executives do not respond to
unsolicited questionnaires due to limited time con-
straints or as a matter of company policy. Six sur-
veys were deemed unsuitable for analysis. This
yielded 265 responses suitable for large-scale analy-
sis, which gives an effective response rate of 4.3%
w Ž .x265% 6269y53y27y6 .

A significant problem with organizational-level
research is that senior and executive-level managers
receive many requests to participate and have very
limited time. Because this interdisciplinary research
collects information from several functional areas,
the size and scope of the research instruments must
be large and time consuming to complete. This
further contributes to the low response rates. While
the response rate was less than desired, the makeup
of respondent pool was considered excellent. For the
respondents, 44.9% were president, CEO, vice-presi-
dent, or general manager, 15.5% were plant man-
agers, 15.1% were directors or senior managers,
20.4% were managers, and 4.1% did not provide the
information. The areas of expertise were 51.8% man-
ufacturing, 27.9% general, 9.4% other, and 10.9%
unspecified.

Statistical tests were done to determine if signifi-
cant differences exist between responding firms and
the population of firms in the mailing list. There is
no statistically significant difference between the
percentage of firms in the mailing list and the per-
centage of responding firms for both SIC code and
firm size, as shown in Table 2. These data were
tested with the Chi Square Goodness of Fit Test
Ž .p-0.05 .

4. Results of the measurement models

The 265 responses were analyzed using the same
methods as the pilot study. Initially, work system
practices are represented by four dimensions and 39
items listed in Table 1.

4.1. Purification

Purification involved the elimination of work sys-
Žtem practice items with low CITC scores see Table

. Ž .1 . Two standardization items ST4, ST16 had CITC
scores below 0.50. ST16 was retained because its
CITC was very close to 0.50 and it was judged
important to the research. Three standardization items
Ž .ST12, ST14, ST19 with marginal CITC scores
were carefully examined. ST14 was dropped because
it was judged to represent only continuous flow and
assembly line process. No formalization items were

Ždropped. Four routinization items RO9, RO16,
. Ž .RO17, and RO18 and one integration item IN9

were dropped because of low CITC scores.

4.2. Dimension-leÕel factor analysis

Unidimensional factor analysis was executed for
each dimension of work system practices. Table 3
lists all factor loadings of 0.40 and higher. For
standardization and integration, single factors
emerged with all item loadings greater than 0.60. For
formalization, two factors emerged. The items were
examined to determine if the removal of one item
would allow a single factor to emerge. After careful
review, item FO17 was dropped because it measures
the formalization of performance evaluation policies
and procedures and it was judged too broad. When
factor analysis was run after removing item FO17, a
single factor emerged with all loadings above 0.60.
For routinization, two factors also emerged. Item
RO12 was dropped because it was judged unclear.
Factor analysis was run again, and a single factor
emerged with all loadings above 0.60.

4.3. Construct-leÕel factor analysis

Remaining items were submitted to factor analy-
sis, and no constraints were placed on the number of
factors that could emerge. Six factors, displayed in
Table 4, emerged. The first four factors can be
identified as integration, formalization, routinization,
and standardization, which explained 58.5% of the
variance. Items ST15 and ST18 were dropped be-
cause they loaded on the wrong factor and had
relatively low factor loadings. Items loading on un-
known factors five and six were dropped. This in-
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Table 1
Work system practices for large-scale study

Item Question CITC

Standardization
aST4 Work day start and stop times are strongly enforced. 0.37

bST12 Uniform methods are used to assess production worker productivity. 0.52
ST13 We use uniform measures of manufacturing performance. 0.62

aST14 Production takes place at a constant, uniform pace. 0.51
ST15 We use uniform methods of manufacturing. 0.57

bST16 We use uniform methods of inventory management. 0.49
ST17 We use uniform methods for assessing first-line supervisorrmanager productivity. 0.65
ST18 We use uniform measures of product quality. 0.61

bST19 We use uniform methods of product costing. 0.50
ST20 We use uniform methods for assessing first-line supervisorrmanager work quality. 0.70

Formalization
FO12 Written operating procedures specify the precise sequence of steps required to perform each production process. 0.62
FO13 Production workers regularly follow written operating procedures. 0.69
FO14 Written job descriptions exist for most employees. 0.52
FO15 Production workers regularly follow written quality control procedures. 0.66
FO16 Written policiesrprocedures specify how to assess product quality. 0.60
FO17 Written performance evaluation policiesrprocedures exist. 0.56
FO18 First-line supervisorsrmanagers regularly follow written employee performance evaluation policiesrprocedures. 0.60
FO19 Written policiesrprocedures specify how inventory should be controlled. 0.53
FO20 Written policiesrprocedures specify how production scheduling should be done. 0.61

Routinization
Ž .RO1 Production workers build the same product s each day. 0.55

aRO9 First-line supervisorsrmanagers use the same reports on a regular basis. 0.22
RO10 Production workers perform the same tasks each day. 0.65
RO11 First-line supervisorsrmanagers perform the same tasks on a regular basis. 0.60
RO12 First-line supervisorsrmanagers make the same decisions regularly. 0.56
RO13 Production workers use the same set of tools each day. 0.67
RO14 Production workers operate the same machinery and equipment each day. 0.65

Ž .RO15 Production workers follow the same set s of operating procedures each day. 0.62
aRO16 Employee break times are predetermined and fixed. 0.37
aRO17 First-line supervisors’rmanagers’ responsibilities pretty much stay the same. 0.48
aRO18 First-line supervisorsrmanagers attend the same meetings regularly. 0.38

Integration
IN7 Cross-functional teams make important decisions on a regular basis. 0.68
IN8 Important cross-functional decisions are often made by consensus. 0.63

aIN9 Cross-functional teams require minimum management supervision. 0.40
IN10 Cross-functional teams are formed to undertake special projects. 0.73
IN11 Cross-functional teams are an important source for new ideas. 0.58
IN12 Cross-functional teams are formed to solve problems. 0.79
IN13 Cross-functional teams frequently organize around projects and tasks. 0.80
IN14 Important decisions are often made by cross-functional consensus. 0.78
IN15 Senior management values the input of cross-functional teams. 0.67

a Item dropped prior to factor analysis.
b Item retained; judged to be important to this research.

cludes FO18, FO20, FO14, ST19, FO19, and ST16.
Although other items had low factor loadings, no
further items were deleted at this point.

The remaining items for the work system practice
construct were again submitted to factor analysis. As
shown in Table 5, four factors emerged with all item
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Table 2
Percent of firms in mailing list and responding firms by SIC code
and number of employees

Percentage in Percentage of
mailing list respondents

SIC code
25 6.5 8.4
34 17.2 20.1
35 24.7 25.7
36 23.8 23.4
37 16.4 13.1
38 11.4 9.3

Number of employees
250–499 52.1 56.0
500–999 25.6 28.0
G1000 22.3 16.0

loadings at 0.60 or above. No further items were
deleted. These factors explain 65.6% of the variance.

4.4. Reliability

Reliabilities for the four dimensions of work sys-
Ž .tem practices were obtained using Cronbach’s 1951

alpha. The reliabilities for standardization, formaliza-
tion, routinization, and integration are 0.79, 0.87,
0.85, and 0.91, respectively. Reliabilities of 0.80 or

Žhigher indicate that the scales performed well Nunn-
.ally, 1978 . No items were deleted at this stage.

Appendix C contains a copy of the final instruments.

4.5. Results for time-based manufacturing practices,
and competitiÕe capabilities

Valid and reliable instruments for time-based
Ž .manufacturing practices Koufteros et al., 1998 and
Ž .competitive capabilities Koufteros et al., 1997 were

adapted from prior research. Definitions, lists of
Žitems, scales for the items, and reliabilities Cron-

.bach, 1951 are provided for the time-based manu-
facturing and the competitive capabilities instru-
ments in Appendices A and B, respectively. Factor
analysis was performed on each set of instruments to
confirm construct validity. All items loaded on the
designated factor, and all factor loadings were above
0.60. There were no cross-loadings above 0.40.

5. Results for the structural model

The model shown in Fig. 1 was investigated using
LISREL. Fig. 2 displays the results of the analysis.
Overall, the model has a very good fit with GFIs

Table 3
Ž .Work system practices large-scale study : dimension-level factor

analysis

Step 1: Dimension-level factor analysis

Item Factor loading

( )Standardization KMOs0.85
ST20 0.76
ST18 0.74
ST13 0.73
ST17 0.73
ST15 0.71
ST12 0.67
ST16 0.66
ST19 0.65

( )Integration KMOs0.92
IN12 0.89
IN13 0.88
IN10 0.85
IN14 0.85
IN7 0.80
IN15 0.76
IN8 0.71
IN11 0.69

Item Factor 1 Factor 2

( )Formalization KMOs0.83
FO12 0.82
FO16 0.81
FO13 0.79
FO15 0.77

aFO17 0.85
FO18 0.84
FO14 0.58
FO20 0.42 0.56
F019 0.51

( )Routinization KMOs0.80
RO10 0.85
RO1 0.79
RO14 0.75
RO13 0.74
RO15 0.68

aRO12 0.91
RO11 0.89

a Item dropped.
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Table 4
Ž .Work system practices large-scale study : construct-level factor analysis

Questionnaire item Step-1: Construct-level factor analysis Kaiser–Meyer–Olkin measure of sampling adequacys0.89;
factor loadings of 0.40 and above are shown

F1 integration F2 formalization F3 routinization F4 standardization F5 unknown F6 unknown

IN12 0.88
IN13 0.87
IN14 0.83
IN10 0.82
IN7 0.76
IN15 0.74
IN11 0.68
IN8 0.68
FO12 0.78
FO15 0.72
FO16 0.72
FO13 0.70

aST18 0.65
aST15 0.58

RO10 0.82
RO14 0.81
RO13 0.76
RO1 0.76
RO15 0.67
RO11 0.61
ST12 0.83
ST13 0.73
ST17 0.60
ST20 0.47 0.47

aFO18 0.73
aFO20 0.59 0.41
aFO14 0.44 0.51
aST19 0.71
aFO19 0.47 0.58
aST16 0.50

Eigenvalue 9.51 3.92 2.75 1.35 1.08 1.03
Percentage of variance 31.7 13.1 9.2 4.5 3.6 3.5
Cumulative percentage 31.7 44.8 54.0 58.5 62.1 65.6
of variance

a Item dropped.

0.98, AGFIs0.90, NFIs0.96, and CFIs0.97. The
Ž .root mean square residual RMSR is only 0.038,

which is also very good.
The results indicate that time-based manufactur-

ing practices have a strong, positive, and direct
relationship with three of the work system practices:
standardization, formalization, and integration. These
relationships are described in Hypotheses 1, 2, and 4,
and they have gamma coefficients of 0.54, 0.41, and
0.61, respectively. The corresponding t-statistics are
shown in Table 6. All are significant at p-0.01.
The direct relationship between time-based manufac-

turing practices and routinization, Hypothesis 3, was
not significant.

The results also indicate that standardization has a
positive impact on formalization and this, in turn,
has a positive impact on routinization. Hypotheses 5
and 6 describe these relationships. They have Beta
coefficients of 0.31 and 0.37, respectively. The t-sta-
tistics are shown in Table 6. Both relationships are
significant at p-0.01.

Achieving standardization and integration has a
positive impact on a firm’s competitive capabilities.
These relationships are described in Hypotheses 7
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Table 5
Work system practices: construct-level factor analysis

Questionnaire item Construct-level factor analysis Kaiser–Meyer–Olkin measure of sampling adequacys0.87;
factor loadings of 0.40 and above are shown

F1 — integration F2 — routinization F3 — formalization F4 — standardization

IN12 0.88 as0.91
IN13 0.88
IN14 0.83
IN10 0.83
IN7 0.76
IN15 0.75
IN11 0.68
IN8 0.68
RO10 0.83 as0.85
RO14 0.81
RO1 0.78
RO13 0.76
RT15 0.66
RT11 0.60
FO12 0.83 as0.87
FO13 0.79
FO15 0.76
FO16 0.73
ST12 0.81 as0.79
ST17 0.75
ST13 0.74
ST20 0.65
Eigenvalue 7.10 3.77 2.26 1.31

Percentage of variance 32.3 17.1 10.3 5.9
Cumulative percentage of variance 32.3 49.4 59.7 65.6

Fig. 2. Structural model of work system practices, time-based manufacturing and competitive capabilities.
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Table 6
Summary of LISREL results

Results of the model GFIs0.98, AGFIs0.90, NFIs0.96, CFIs0.97, RMSRs0.038

Hypothesis Relationship LISREL t-Value Significant?
Ž .coefficient p-0.01

1 TMBP™Standardization 0.54 10.38 Yes
2 TMBP™Formalization 0.41 7.30 Yes
3 TMBP™Routinization 0.01 0.15 No
4 TMBP™ Integration 0.61 12.49 Yes
5 Standardization™Formalization 0.31 5.42 Yes
6 Formalization™Routinization 0.37 5.23 Yes
7 Standardization™CC 0.22 3.28 Yes
8 Formalization™CC 0.07 1.00 No
9 Routinization™CC y0.01 y0.09 No
10 Integration™CC 0.23 3.72 Yes

and 10, and they have significant Beta coefficients
0.22 and 0.23, respectively. The t-statistics are shown
in Table 6. Formalization and routinization did not
have significant impacts on competitive capabilities.

6. Discussion and implications for managers

According to this study, organizations that em-
ploy time-based manufacturing practices should have
work system practices that are standardized, formal-
ized, and integrated. Standardization for time-based
competitors tends to focus on output measures that
assess the productivity of workers and supervisors,
measure manufacturing performance, and assess the
quality of work for first-line supervisors and man-
agers. These efforts to standardize assessment and
measurement procedures imply that manufacturers
should focus attention on setting goals and providing
feedback, rather than attempting to tightly control
how people do their work.

Ž .This is supported by Mintzberg 1979, p. 8 , who
understood the problem facing an organization as
customers demanded greater product variety. He
stated, ‘‘When tasks are simple and routine, the
organization is tempted to rely on the standardization
of the work processes themselves. But more complex
work may preclude this, forcing the organization to
turn to standardization of the outputs — specifying
the results of the work but leaving the choice of
process to the worker.’’ Thus, time-based manufac-
turers may want to focus on standardization of out-
puts. Their work processes vary, so they rely on
information technology to organize, access, and

modify these processes as needed. Because these
firms have many products and work processes, train-
ing and education, including computer training, are
essential.

Formalization efforts focus on written procedures
for assessing product quality, operating procedures,
and quality control practices. These written methods
and procedures create a framework that facilitates
decision-making. As more product and process vari-
ety is introduced, formalization becomes more im-
portant because the volume of instructions increases
dramatically and cannot be easily or accurately re-
membered. The application of electronic media al-
lows a firm to adapt and adopt existing procedures
quickly and easily for new application. In this way,
the written methods are easily accessible to the work
force so that electronic recall rather than human
memory is a key factor in applying the proper
method.

Integration is an important work system practice
for time-based manufacturers because they focus on
decisions that require cross-functional decision mak-
ing and teamwork. The participants share informa-
tion and learning experiences to solve problems,
manage projects, make important decisions, and gen-
erate new ideas. Increased interdependence and
cross-training gradually diminishes existing job
boundaries and creates teams that focus on organiza-
tional objectives.

The study suggests that standardization leads to
formalization, which, in turn, leads to routinization.
Time-based manufacturers develop standards for an
expanding set of products and processes. As they do
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this, they recognize the importance of developing
mechanisms to organize, review, retrieve, and revise
standards. A formal system with written documents
seems to be a logical solution to this dilemma.
Formalization can lead to routinization. As written
documents are used to accomplish this, greater vol-
ume of standards can be effectively developed and
communicated so that actions become routine.

Results of the study indicate that organizations
with work system practices that are standardized and
integrated should have enhanced competitive capa-
bilities. Post-industrial firms are well positioned be-
cause they can have standards to assist in decision-
making. Their work force can be involved in the
development and application of the methods and
procedures so that creativity and flexibility are facili-
tated. When employees participate in developing
standards and use them to guide action rather than
discipline and control behavior, these standards are
not only useful, but they are effective in meeting
customer needs and improving capabilities and per-
formance.

The results also indicate that organizations that
employ integration as a work system practice should
improve their competitive capabilities. Integration
provides a means for employees to share knowledge,
enhance learning, and evaluate cross-functional prob-
lems. Integration is essential for quickly making
good decisions on a wide variety of product and
process requests from divergent customers.

7. Conclusion and future research

This paper provides a research framework that
defines work system practices for post-industrial or-
ganizations. A theoretical rationale is provided for a
set of work system practices: standardization, formal-
ization, routinization, and integration. The research
framework describes the impact of time-based manu-
facturing practices on these work system practices
and discusses the impact of these work system prac-
tices on competitive capabilities.

A set of instruments was developed to measure
the four work system practices. The final instru-
ments, listed in Appendix C, cover the content do-
main of each factor, have convergent and discrimi-
nant validity, and are reliable. The items are short,

direct, and easy to use. The instruments are also
short, with only 22 items across all four scales. The
content domain is adequately covered because care
was taken during item generation. The factor struc-
ture is simple with high loadings. The analysis has
demonstrated that the instruments exceed generally
accepted validity and reliability standards for basic
research. These instruments should be cross-vali-
dated in confirmatory studies.

In the structural model, firms with high levels of
time-based manufacturing practices have high levels
of standardization, formalization, and integration. No
significant relationship exists between time-based
manufacturing practices and routinization or between
routinization and competitive capabilities. This may
be caused by how routinization was defined and
measured. All of the items that measure routiniza-
tion, except for one, use a daily cycle for repetition.
For example, RO1 states that, ‘‘Production workers

Ž .build the same product s each day.’’ In retrospect,
this daily cycle may have been too short for firms
operating in a post-industrial environment where
firms have many products and where process and
repetitive cycles may be longer than one day. Also,
the definition of routinization can be expanded so
that the essence of the work is routine, even if the
specific procedures vary from product to product.
Future studies may wish to modify these questions
and add new ones so that the cycle for repetition is
longer than one day and the expanded definition of
routinization is measured. Also, routinization is a
characteristic that develops over time as actions are
repeated and become infused in the organization. It
is possible that later studies with better measures will
find significant and positive relationships between
time-based manufacturing practices and routiniza-
tion.

In the structural model, firms with high levels of
standardization and integration had high levels of
competitive capabilities. No significant relationship
exists between routinization and competitive capabil-
ities. This may be caused by the way routinization
was defined and measured. The relationship between
formalization and competitive capabilities is positive
but not statistically significant. Future studies should
carefully examine the relationships among time-based
manufacturing practices, standardization, formaliza-
tion, and competitive capabilities to determine if
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formalization has an independent impact on competi-
tive capabilities.

Time-based manufacturing firms develop work
system practices that are standardized, formalized,
and integrated. The efforts used to develop these
practices should be participative, which should en-
hance commitment from employees. The methods

and procedures should be broader in scope and tend
to be under the control of the people doing the work.
They will be involved in their creation, implementa-
tion, and execution. In this way, firms may be able
to achieve the benefits of standardization and formal-
ization as well as attain flexibility and speed from
integration.

( )Appendix A. Time-based manufacturing practices: definitions, items, and reliabilities Cronbach, 1951

Each definition begins with ‘‘The extent to which.’’ The item scales are five-point Likert scales with 1snot
at all, 2sa little, 3smoderately, 4smuch, and 5sa great deal.

Shop Floor Employee InÕolÕement in Problem SolÕing: first-level employees participate in activities
Ž .to define and solve problems alphas0.90

1. Shop-floor employees are involved in problem solving efforts.
2. Shop-floor employees are involved in improvement efforts.
3. Shop-floor employees are involved in problem solving teams.
4. Shop-floor employees are involved in suggestion programs.

Ž .Reengineering Setup: efforts are taken to reduce set-up time alphas0.89
1. Employees redesign or reconfigure equipment to shorten setup time.
2. Employees redesign jigs or fixtures to shorten setup time.
3. Employees work on setup improvement.
4. Our employees are trained to reduce setup time.

Ž .Cellular manufacturing: units are produced in a product-oriented layout alphas0.83
1. Products that share similar design or processing requirements are into families of products.
2. Products are classified into groups with similar routing requirements.
3. Products are classified into groups with similar processing requirements.
4. Equipment is grouped to produce families of products.

Ž .PreÕentiÕe maintenance: equipment is routinely maintained on a proactive basis alphas0.93
1. We maintain our equipment regularly.
2. We emphasize good preventive maintenance.
3. We do preventive maintenance.
4. Records of routine maintenance are kept.

Quality improÕement efforts: methods are developed and used to reduce defects and enhance
Ž .quality alphas0.82

1. We conduct process capability studies.
2. We use fishbone type diagrams to identify causes of quality problems.

Ž .3. Our employees use quality control charts e.g., SPC charts .
Ž .4. We use design of experiments i.e., Tageuchi methods .

Ž .Dependable Suppliers: suppliers facilitate customer needs for service quality alphas0.88
1. We receive the correct type of parts from suppliers.
2. We receive high quality parts from suppliers.
3. We receive parts from suppliers that meet our specifications.
4. Our suppliers accommodate our needs.
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Pull Production: production is driven by demand from the next work station and ultimately from
Ž .the customer alphas0.86

1. Production is ‘‘pulled’’ by the shipment of finished goods.
2. We use a ‘‘pull’’ production system.
3. Production at stations is ‘‘pulled’’ by the current demand of the next stations.
4. Production is ‘‘pulled’’ by an open kanban binrposition.

( )Appendix B. Competitive capabilities: definitions, items, and reliabilities Cronbach, 1951

Each definition begins with ‘‘The extent to which.’’ The item scales are seven-point Likert scales. Firms
were asked to compare their capabilities to the average in the industry where 1smuch below, 2smoderately
below, 3sslightly below, 4sabout average, 5sslightly above, 6smoderately above, and 7smuch above.

Ž .CompetitiÕe Pricing: a firm is capable of competing based on low prices alphas0.93
1. Our capability of offering prices that match the competition is.
2. Our capability of competing based on price is.
3. Our capability of offering prices that are competitive is.
4. Our capability of offering prices as low or lower than competitors’ prices is.

Ž .Premium Pricing: the firm can command superior prices alphas0.95
1. Our capability of selling at price premiums is.
2. Our capability of selling at prices above average is.
3. Our capability of commanding premium prices is.
4. Our capability of selling at high prices that only a few firms can achieve is.

Value to Customer Quality: the manufacturing enterprise is capable of offering product quality and
Ž . Ž .performance that would fulfill customer s needs alphas0.90

1. Our capability of offering safe-to-use products that meet customer needs is.
2. Our capability of offering products that function according to customer needs over a reasonable

lifetime is.
3. Our capability of offering reliable products that meet customer needs is.
4. Our capability of offering quality products that meet customer expectations is.

Dependable DeliÕery: the manufacturing enterprise is capable of meeting delivery requirements
Ž .alphas0.96
1. Our capability of delivering the correct quantity of products needed on time is.
2. Our capability of providing on-time deliveries is.
3. Our capability of providing dependable deliveries is.
4. Our capability of delivering the kind of products needed on time is.

Product InnoÕation: the manufacturing enterprise is capable of introducing new products and features
Ž .in the market place alphas0.94

1. Our capability of developing new products and features is.
2. Our capability of developing a number of ‘‘new’’ product features is.
3. Our capability of developing a number of ‘‘new’’ products is.
4. Our capability of developing unique product features is.
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Appendix C. Work system practices: final construct items organized by factor loadings

Integration
IN12 Cross-functional teams are formed to solve problems.
IN13 Cross-functional teams frequently organize around projects and tasks.
IN14 Important decisions are often made by cross-functional consensus.
IN10 Cross-functional teams are formed to undertake special projects.
IN7 Cross-functional teams make important decisions on a regular basis.
IN15 Senior management values the input of cross-functional teams.
IN11 Cross-functional teams are an important source for new ideas.
IN8 Important cross-functional decisions are often made by consensus.

Routinization
RO10 Production workers perform the same tasks each day.
RO14 Production workers operate the same machinery and equipment each day.

Ž .RO1 Production workers build the same product s each day.
RO13 Production workers use the same set of tools each day.

Ž .RO15 Production workers follow the same set s of operating procedures each day.
RO11 First-line supervisorsrmanagers perform the same tasks on a regular basis.

Formalization
FO12 Written operating procedures specify the precise sequence of steps required to perform each

production process.
FO13 Production workers regularly follow written operating procedures.
FO15 Production workers regularly follow written quality control procedures.
FO16 Written policiesrprocedures specify how to assess product quality.

Standardization
ST12 Uniform methods are used to assess production worker productivity.
ST17 We use uniform methods for assessing first-line supervisorrmanager productivity.
ST13 We use uniform measures of manufacturing performance.
ST20 We use uniform methods for assessing first-line supervisorrmanager work quality.
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