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The  existing  studies  conceptualize  a direct  relationship  between  acquired  labor  flexibility  and  plant  per-
formance,  producing  inconsistent  empirical  results,  which  makes  the  topic  ripe  for  further  inquiry.  We
believe acquiring  labor  flexibility  is not  sufficient;  its  implementation  is  an  important  intervening  step
when  companies  have  to tackle  accompanying  technical  and  behavioral  side  effects  of  labor  flexibility.
In  this  paper,  we  develop  and  test  a theoretical  model  in which  we  introduce  an  intervening  variable
to  capture  the  implementation  of  labor  flexibility.  In addition,  evolving  human  resource  management
practices  that  promote  acquisition  of  labor  flexibility  are  also  examined  in our  model.  Case  studies  in  ten
vertime printed  circuit  board  plants  validated  our model.  Subsequently,  survey  data  collected  from  74  PCB  plants
was analyzed  using  Partial  Least  Squares  method.  Supporting  the  proposed  model,  the  results  show  that
the impact  of acquired  labor  flexibility  on plant  performance  is  not  direct  but  experienced  through  the
sophistication  of labor  flexibility  implementation  exercised  by  the plant.  Our  findings  also  suggested  that
plants  that  emphasized  process-focused  training,  provided  greater  job-rotation  training,  and  designed

s,  acq
positive  reward  structure

. Introduction

Every operating facility offers enormous opportunities to
ngage the hearts and minds of the people who  make it work.
nlike physical resources, which depreciate when used, people

end to become more valuable with time and experience. Manage-
ent’s challenge is to harness employees’ latent cognitive energy

nd transform it into a competitive weapon (Morris et al., 2009). An
mportant characteristic of workforce development in this regard
s the development of multiple skills (Hopp and Van Oyen, 2004).
he larger a worker’s range of skills, the more flexible is the worker,
ither in terms of the variety of goods and/or services he/she can
roduce, or in terms of the range of job assignments. As a result,
ubstantial literature recognizes multi-skilled workers as synony-
ous with labor flexibility or functional flexibility (Bhattacharya

t al., 2005; Hopp and Van Oyen, 2004), a definition also adopted

n this study.1

The relationship between labor flexibility and plant perfor-
ance is intuitively appealing and has been examined in various

∗ Tel.: +1 309 298 1625; fax: +1 309 298 1019.
E-mail address: rsawhney@wiu.edu

1 There is a parallel stream of literature that has defined labor flexibility as a vari-
tion in the quantity of labor input (numerical flexibility), which is not the premise
dopted in this research. Readers are advised to see Arvanitis (2005) for a detailed
iscussion.

272-6963/$ – see front matter © 2012 Elsevier B.V. All rights reserved.
ttp://dx.doi.org/10.1016/j.jom.2012.11.003
uired  higher  labor  flexibility.
©  2012  Elsevier  B.V.  All  rights  reserved.

academic disciplines. For example, strategy theorists have exam-
ined it in the context of resource based theory, human resource
theorists have examined it as numerical versus functional flexi-
bility, economists have examined it in the context of labor market
analysis, and operations management researchers have examined it
from the process design perspective. Despite its conceptual attrac-
tiveness, the empirical research is sparse (Aksin and Karaesmen,
2007; Bhattacharya et al., 2005; Karuppan and Ganster, 2004;
Upton, 1995) and the results are conflicting (Arvanitis, 2005;
Schultz et al., 2003; Pinker and Shumsky, 2000). These inconsistent
results suggest that acquiring labor flexibility does not automat-
ically translate to better plant performance, an observation also
made by Upton (1995) in a case study of the paper industry. Com-
menting on the importance of managerial knowhow regarding
flexibility implementation, Upton (1995) reports his findings from
the paper industry, “Many teams of operators had developed
routines and tricks that enabled them to change the plant over effi-
ciently” (p. 79). Similar sentiments have been echoed by Schultz
et al. (2003),  “Worker flexibility has great potential to improve
productivity by avoiding bottlenecks and the resulting idle time,
but implementing such a system has negative aspects that are
poorly understood. There is a clear need for research to eluci-
date these effects and for development of models that incorporate

them” (p. 82). However, by positing a direct relationship between
labor flexibility and performance the existing research assumes
that labor flexibility provides pure improvements and overlooks
the behavioral and technical side-effects or trade-offs that arise

dx.doi.org/10.1016/j.jom.2012.11.003
http://www.sciencedirect.com/science/journal/02726963
http://www.elsevier.com/locate/jom
mailto:rsawhney@wiu.edu
dx.doi.org/10.1016/j.jom.2012.11.003
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uring implementation stage and need to be managed. Addressing
his gap, we re-examine the relationship between acquired labor
exibility and plant performance by introducing an intervening
ariable that captures the sophistication of implementing labor
exibility.

We also provide clarification on the impact of HRM practices
hat promote labor flexibility, an area where mixed empirical
esults (Beltran-Martin et al., 2008; Sumukadas and Sawhney,
004; Hoyt and Matuszek, 2001) have left the debate open for
urther inquiry.

. Literature review and hypothesis development

Labor flexibility has been referenced in various studies as the
umber of jobs or operations performed by a typical worker
Sumukadas and Sawhney, 2004); the number of machines and
orkstations that can be operated by a typical worker (Hyun

nd Ahn, 1992; Malhotra and Ritzman, 1990); and the number of
nterdivisional jobs that a typical worker can perform (Elvers and
releven, 1985; Fryer, 1974). This form of labor flexibility relates to
ultiple competencies of shop-floor workers and their managers

ecause it allows employees’ work assignments to be adjusted to
eet changing production needs (Benson, 1996, p. 45).

.1. Labor flexibility and plant performance

Plants face temporary overloads and imbalances stemming from
 wide variety of internal and external causes. When bottlenecks
evelop at upstream work centers, for example, downstream oper-
tions may  stop due to lack of materials, thus adversely impacting
lant performance. These resulting uncertainties were traditionally
ddressed by holding buffer inventories, excess capacity and use of
vertime. In the last decade, labor flexibility has been forwarded as

 better alternative to address such temporary imbalances, because
t provides managers with an ability to move workers to bottleneck

ork centers (Iravani et al., 2005). Numerous studies have been
one on the use of multi-skilled workers, both in serial produc-
ion lines (Andradottir et al., 2001; Bartholdi and Eisenstein, 1996;
ravani et al., 1997) and in parallel systems (Pinker and Shumsky,
000; Van Oyen et al., 2001). Conceptual arguments have been
resented in the literature associating labor flexibility with plant
erformance through reducing cost, reducing idle time, improving
ustomer service, promoting variety and economy of scope, and
nabling shorter lead-time (Beltran-Martin et al., 2008; Hopp and
an Oyen, 2004; Van Oyen et al., 2001). Optimization and simu-

ation techniques have been used to show the favorable impact of
abor flexibility on firm performance in dual-constrained job-shops
Bokharst et al., 2004; Hottenstein and Bowman, 1998).

More recently, researchers have introduced the notion that
cquiring labor flexibility is not enough; it has to be properly imple-
ented to enjoy its favorable impact on plant performance (Schultz

t al., 2003). The technical and behavioral trade-offs accompanying
he use of multi-skilled workforce, such as the loss of walk times,
raining costs, learning and forgetting time, and efficiency versus
uality, need to be properly managed (Schultz et al., 2003). In sim-
le words, the sophistication with which the choice of skills is made
nd the organization/control of the workers in using those skills is
xercised is equally important to enjoy a favorable impact on plant
erformance.

In the face of training cost to acquire labor flexibility, a per-
inent implementation question for managers to examine is the

umber of skills a worker should acquire and the type of ideal
kill-sets for those who are cross trained, which is the focus of
nvestigation in Aksin and Karaesmen (2007).  To help efficient uti-
ization of the acquired labor flexibility, Andradottir et al. (2003)
anagement 31 (2013) 98–108 99

construct dynamic server assignment policies that maximize the
capacity of queuing networks with flexible servers. In another
study, Pinker and Shumsky (2000) provide answers to the trade-off
between the cost efficiency provided by cross-trained workers and
the experience-based quality provided by specialists. Using inte-
grated queuing systems the researchers demonstrate that “if the
system is small and the rate of learning is slow, flexible servers are
preferred. For large systems with high learning rates, the model
leans toward specialized servers.” (p. 32). Providing a solution
to the challenge of learning and forgetting and minimizing the
time lost when workers walk back to get more work, Bartholdi
and Eisenstein (2005) propose a bucket-brigade technique. Bucket-
brigade is a way of coordinating workers on an assembly line
that narrows tasks for each worker and allows accelerated learn-
ing, which increases production that more than compensates for
the time lost when workers walk back to get more work. Pro-
viding additional insight, Nembhard (2000) examines the effect
of learning and forgetting rates given the task complexity and
experience of multi-skilled workers. In this empirical investiga-
tion, Nembhard (2000) provides answers to worker allocation,
cross-training optimization, and human-resource planning issues.
Reinforcing the importance of implementation of labor flexibility,
Iravani et al. (2005) demonstrate that systems with fewer capa-
bilities may  outperform systems with more when the former are
managed effectively. Anecdotal evidence also suggests that the
development and effective implementation of labor flexibility in
addressing temporary overloads and imbalances provided signif-
icant improvements in productivity and reduced costs, bringing
major turnarounds in the fortunes of Pilkington Glass Company
(Littlefield, 1995) and Celestica Company (Dyck and Halpern, 1999).

Outside the simulated experiments and anecdotes, systematic
empirical examination of the association between labor flexibility
and firm performance seems to be scarce (Beltran-Martin et al.,
2008; Bhattacharya et al., 2005; Karuppan and Ganster, 2004) and
provide inconsistent results (Arvanitis, 2005). Some studies have
found supporting evidence (Beltran-Martin et al., 2008; Black and
Lynch, 2000; Youndt et al., 1996) and others have found evidence
negating the association between labor flexibility and plant perfor-
mance (Godard, 2004; Schultz et al., 2003; Valverde et al., 2000),
thus rendering the topic open for further inquiry. These inconsis-
tent results raise serious concerns about the direct relationship
posited between acquiring labor flexibility and plant performance
in the empirical research. Alluding to this weakness in the existing
research, scholars (Hopp and Van Oyen, 2004; Schultz et al., 2003;
Huselid, 1995) have called for more empirical research targeted
in identifying the various paths, implying the inclusion of medi-
ating variables, through which the acquired labor flexibility may
impact firm performance. Concurring with the observation made
by Schultz et al. (2003),  in this paper we  have introduced a medi-
ating variable to capture the sophistication of implementing labor
flexibility.

Greater acquisition of labor flexibility increases the options
available to a plant manager (Sawhney, 2006), thus reducing the
cost of moving workers to address temporary overloads. How-
ever, acquiring labor flexibility by itself is not enough; the value
added depends on how efficiently managers can implement labor
flexibility, which involves the technical and behavioral trade-offs
accompanying the use of multi-skilled workforce, such as the loss of
walk times, learning and forgetting time, quality versus efficiency
issues, etc. that were discussed earlier. Greater sophistication to
control and organize the workers in using their acquired skills will
lower the technical and behavioral costs attached with moving

these multi-skilled workers. When the acquired labor flexibility
is efficiently implemented, it allows rapid response to temporary
imbalances and prevents work stoppages, and it results in improved
utilization of resources and work-center capacity, reduced idle
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ime, decreased work-in-process inventory and cost, all translating
nto improved plant performance. Alternatively, it may  be argued
hat acquired labor flexibility if not implemented appropriately can
mpact the plant performance adversely because there are training
osts involved in acquiring labor flexibility. In such plants there will
e less movement of multi-skilled workers to temporary bottleneck
reas.

The above arguments lead us to believe that the acquired labor
exibility will have a direct effect on plant performance (repre-
ented in Fig. 2 by a unidirectional causal arrow) and an indirect
ffect on plant performance through the intervening or mediat-
ng variable, namely labor-flexibility implementation. The indirect
ffects are calculated by multiplying together the path coefficients
hat make up the indirect causal path. The direct and indirect effect
ogether comprises the total effect of a particular explanatory vari-
ble on a specific endogenous or dependent variable.

ypothesis 1. The acquisition of labor flexibility has a direct pos-
tive relationship with plant performance (called the direct-effect).

ypothesis 2. The acquisition of labor flexibility has an indirect
ositive relationship with plant performance through an interven-

ng variable, namely, labor flexibility implementation (called the
ndirect effect).

.2. Human resource management practices and acquired labor
exibility

Discussions on labor flexibility appear frequently in the HRM
nd operations management literature. In HRM, labor flexibil-
ty is discussed in the context of job enlargement/enrichment,

hich focuses on an individual’s innate need for personal develop-
ent and growth (Maslow, 1970; Herzberg, 1966). This literature

tream emphasizes the need to design jobs that provide employ-
es with a wide range of job functions with frequent assignment
hanges (Ellis, 1999). More recently, a new paradigm is surfacing
n HR discipline called high performance work systems (HPWS)
hat is replacing the unions and collective bargaining; it is pro-
iding extensive development activities likely to favor the abilities
eeded to promote labor flexibility (Beltran-Martin et al., 2008).

n operations management, the kaizen (continuous improvement)
iterature introduces the notion of each worker performing several
ifferent tasks. Workers switching from a traditional work environ-
ent to a kaizen environment acquire higher order skills through

xtensive cross training and participation, and often move from a
ingle repetitive job to a broader range of responsibilities (Womack
nd Jones, 1996; Shingo, 1988). Likewise, the firms that follow
he just-in-time system continuously upgrade employee skills and
ncourage employees to acquire new skills (Liker and Meier, 2007).

Numerous evolving HR practices, such as training, employee
nvolvement, and incentive systems are offered in both HRM and
M literature to promote labor flexibility (Beltran-Martin et al.,
008; Sumukadas and Sawhney, 2004). In this paper, we attempt
o empirically validate the impact of these evolving HRM practices
n labor flexibility, and will provide greater insight into the type
f training and the method of training that best promote labor
exibility.

.2.1. Training and acquired labor flexibility
Companies seek good recruiting procedures to influence the skill

et of new employees. However, new workers only form a small
ortion of the total workforce. Therefore, the importance of training
n promoting acquired labor flexibility cannot be overstated. Nev-
rtheless, there is cost to train workers to acquire multiple skills.
iven budgetary constraints, an important question faced by man-
gers is to examine the number of skills a worker should acquire
anagement 31 (2013) 98–108

and the type of ideal skill-sets for those who are cross trained (Aksin
and Karaesmen, 2007).

Equipment- versus process-focused training: We  concur with
Iravani et al. (2005) that training is an inherently good thing. How-
ever, it is important to strategically select the training choices that
will yield the most benefit to the company. With a fixed amount of
budget and time available for training, an important decision faced
by management is that of the breadth versus the depth of skills to
be imparted (Gomez et al., 2003). According to Hopp and Van Oyen
(2004), two  types of training plans are observed: (i) Equipment-
focused training emphasizes on the acquisition of in-depth skills
related to the equipment being operated. Examples include opera-
tors learning to perform their own  set-ups, in-process inspection,
preventive maintenance, and minor repairs. (ii) Process-focused
training concentrates on building skills focused on operating the
different pieces of equipment that are used in the production pro-
cess, thus adding to the breadth of skills. There are advantages to
both methods of training. Workers in plants with process-focused
training are almost certain to learn to operate a greater variety
of equipment. These workers are better able to conduct upstream
and downstream jobs, enhancing cooperation and increasing team-
based kaizen initiatives (Hackman, 2002; Ichniowski and Shaw,
1999). Firms that have provided equipment-focused training under
the auspices of total productive maintenance have reported sig-
nificant improvements in quality, maintainability and cost (Hopp
and Van Oyen, 2004; Nakajima, 1988). However, to the extent
that more equipment-focused training comes at the cost of less
process-focused training (as managers work within limited training
budgets) one would expect acquired labor flexibility to be adversely
affected by an emphasis on equipment-focused training. These
arguments lead to the following two  hypotheses.

Hypothesis 3a. Process-focused training is positively related to
the acquisition of labor flexibility.

Hypothesis 3b. Equipment-focused training is negatively related
to the acquisition of labor flexibility.

Job-rotation training: There are various formal and informal
mechanisms to provide training, such as classroom training, self-
learning through trial and error, shadowing others at workplace,
and hands-on experience as an apprentice moving between differ-
ent work-centers. The last method, also referred to as job-rotation
training, is the most mentioned training method for improving
employee skill diversity in the organizational learning literature
(Eriksson and Ortega, 2006; Bokharst et al., 2004; Osterman, 1994).
The job-rotation training method has been reported as a standard
practice in many Japanese and Australian organizations (Hoyt
and Matuszek, 2001; Cordery, 1989; Bartlett and Ghoshal, 1987),
and most firms in the U.S. do the same. Trainees rotate through
various jobs as they learn to operate different equipment with
coaching and feedback from more experienced employees and
supervisors. The job-rotation training at Toyota Tsutsumi plant
(Muramatsu and Kazuyoshi, 1987), North American Tool and Die
Company (Bobrowski and Park, 1993), General Motors Corpora-
tion and National Steel (Denton, 1992) has helped their workers
adapt better to redesigned and enriched jobs, promoting the acqui-
sition of labor flexibility. These arguments lead to the following
hypothesis.

Hypothesis 3c. Job-rotation training is positively related to the
acquisition of labor flexibility.

Job tenure:  Due to continually changing technology, a com-

mitment to lifelong training and learning is required to maintain
a flexible skill base. Since learning through on-the-job training
is cumulative, one would expect to see acquired labor flexibil-
ity increase with the number of years employees work in an
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Fig. 1. The

rganization. In an empirical study, Giniger et al. (1983) found older
mployees surpassed the younger ones in speed and skills. When
he influence of age was removed, Giniger et al. (1983) found a
ositive relation between years of experience (job tenure) and the
readth of skills. These arguments lead to the following hypothesis.

ypothesis 3d. Job tenure is positively related to the acquisition
f labor flexibility.

.2.2. Reward system and labor flexibility
“The effectiveness of skilled employees will be limited, how-

ver, if they are not motivated to perform their jobs” (Delaney and
uselid, 1996, p. 950). Expectancy theory dictates that to moti-
ate an employee to engage in desired behavior, reward has to
e valued (Beltran-Martin et al., 2008). Based on this tenet of
xpectancy theory, the compensation literature addresses labor
exibility in the context of skill-based-pay (SBP). Individuals should
e rewarded based on the number, type, and depth of skills mas-
ered (Recardo and Pricone, 1996), and to work cooperatively in
haring their knowledge and working as a team (Siemsen et al.,
008), behaviors that are consistent with labor flexibility. Many
rms actually follow this practice. For example, Matsushita Electric
ompany promoted labor flexibility with a six-level pay struc-
ure (Frazelle, 1986). Workers reached levels 5 and 6 when they

astered three to five different jobs and could teach them to oth-
rs. Similarly, Motorola introduced a compensation system that
ewarded those who learned a variety of skills at its Arlington
eights plant (Denton, 1992). Studies in Australian (Cordery, 1989)
nd Japanese (Dore et al., 1989) companies also found a positive
mpact of compensation and reward system on the acquisition of
dditional skills. These arguments lead to the following hypothesis.

ypothesis 3e. The reward practices based on greater skills are
ositively related to the acquisition of labor flexibility.

.2.3. Control variables
Conceptually, more complex printed circuit board designs may

equire advanced labor skills, which restricts workers from master-

ng multiple skills (Schultz et al., 2003; Sawhney and Piper, 2002;
embhard, 2000) thus adversely impacting the acquisition of labor
exibility. Similarly, plant size may  interfere with labor flexibility.
maller plants can provide rapid decision making ability to acquire
rch model.

additional skills. On the other hand, larger plants can afford greater
allocation of resources to train multi-skilled labor, thus having
more flexible labor (Sawhney and Piper, 2002). Therefore, product
complexity and plant size are employed as control variables in the
study, although they have been ignored in the previous empirical
studies.

Based on the above hypotheses the research model is presented
in Fig. 1 above.

3. Field study

An exploratory field study was conducted in ten printed circuit
board (PCB) manufacturing companies with the objective of val-
idating that the questions raised in the theoretical development
phase are relevant, that the variables included in the model are
meaningful to companies, and to identify the measures for the con-
structs. Following the advice of Yin (1989) and Eisenhardt (1989)
an industry sample was  structured to include plants that varied
from the most automated to the most labor-intensive; and from
the biggest to the smallest. Visits to each company, in which man-
agers were interviewed and company records examined, resulted
in the observations below. Since the purpose of the field study is
not to test the hypotheses the observations are presented in a con-
solidated summary. Hypotheses testing are done in Section 4 using
survey data.

The PCB industry is chosen for two reasons. First, PCB fabrica-
tion operates in a competitive environment in which flexibility
in general, and labor flexibility in particular, is critical to suc-
cess. PCB boards are customized, and production cannot start
until customers provide the designs. Moreover, PCB plants do
not hold finished goods inventory due to their customers’ fre-
quently changing proprietary board designs. Customer demands
for product-mix and order-size vary widely and are hard to pre-
dict, creating extreme variations in the use of plant capacity along
with shifting bottlenecks. Therefore, multi-skilled labor can be
expected to play an important role in addressing these shifting bot-
tlenecks and smoothing the production flows. Absence of finished

goods inventory also addresses an important behavioral concern,
the “motivation of working faster or slower” (Schultz et al., 2003,
p. 82). Second, the PCB manufacturing process involves over 40
individual steps spread over an extensive range of technologies;
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ncluding mechanical, chemical, electrical, and photographic oper-
tions (see Bosshart, 1992). Hence, the results of this study could
e expected to have more generalizability than those from a study
f an industry that employs a less extensive range of technologies.

.1. Field study observations

Multi-skilled workers were desired by the PCB plants because
uch workers could perform a wide range of job functions and
ccept frequent assignment changes. These plants reported that
he cost of moving workers declined as greater number of work-
rs in a plant became multi-skilled. We  observed that there was
ide variation in both the level of multi-skilled workers in these
lants as well as the extent to which they were being moved around
o address the temporary overloads. We  found that just because

 worker could operate another machine and/or handle another
ob was not the only criteria of moving them around to over-
oaded work-center, a number of technical and behavioral factors
layed an important role in this decision making. Loss of efficiency

n getting back to their normal work assignment due to learning
nd re-learning, the extent of physical move, and the labor prac-
ices hindering workers to be used for multiple jobs were some
f the important technical factors that kept surfacing in our con-
ersations with different plant managers. A number of behavioral
ssues such as worker motivation, fairness, the free-rider problem,
nteraction with other workers, also came up in our discussions,

hich constrained the plant managers when moving the work-
rs to address temporary overloads. Such observations have also
een previously reported by Schultz et al. (2003),  both in their field
tudy of Daignault Rolland, a sports goods manufacturing com-
any, and in their controlled lab-experiment. These technical and
ehavioral trade-offs reduced the ability of the plant manager to
tilize the acquired labor flexibility in moving them to address tem-
orary overloads and imbalances. We  found the extent to which
he multi-skilled workers were being moved around in a plant
as a good proxy indicator of the implementation effectiveness

f available labor flexibility, given all the technical and behavioral
rade-offs.

A worker with more number of skills provided greater flexibility
o the plant manager to utilize this worker. Respondents felt that a
orker handling two operations typically provided 20% more flex-

bility to the plant manager to utilize him/her as compared to a
orker who could handle only one operation; a worker handling

hree operations typically provided 50% more flexibility to the plant
anager to utilize him/her as compared to a worker who could han-

le only one operation; a worker handling four or more operations
ypically provided 80% more flexibility to the plant manager to uti-
ize him/her as compared to a worker who could handle only one
peration.

In seven plants the emphasis was on training operators to work
n more than one workstation, typically comprising the preced-
ng and succeeding workstations, but many workers knew more.
ittle to no emphasis was placed in these seven plants on training
o maintain and service the equipment. Workers were primarily
rained through rotation amongst the different stations, working
nder the watchful guidance of skilled operators and supervisors.
y virtue of this process-focused training, greater labor flexibility
as achieved by these operators, allowing them to operate more

han one workstation. In these plants, we also observed that a part
f the worker compensation plan was tied to the number of jobs
hey were qualified to do. On the other hand, three plants focused

heir efforts on training employees to acquire skills in maintaining
nd servicing their equipment. Operators in these companies could
o minor repairs, and mostly operated one workstation symboliz-

ng lower labor flexibility.
anagement 31 (2013) 98–108

4. Model testing

4.1. Measuring the variables

In this section, we  present the measures based on our field study
and the literature review.

Labor flexibility was measured as a proportion of operators able
to perform multiple jobs (Sumukadas and Sawhney, 2004; Hopp
and Van Oyen, 2004). Based on the field study, we were aware that
the number of jobs an operator could perform was  an important
distinction that needed to be captured as we constructed the labor
flexibility index for a plant. Consequently, we asked for a detailed
breakup on the operators who  could perform multiple jobs, namely,
percentage of operators who  can perform one job, percentage of
operators who can perform two  jobs, percentage of operators who
can perform three jobs, and percentage of operators who can per-
form four or more jobs – the total of all these categories was a
hundred percent. Based on the expert opinions gathered during the
field study, an increasing weighting scheme was adopted that dis-
tinguished between workers who could handle one job (weight = 1),
two jobs (weight = 1.2), three jobs (weight = 1.5), and four or more
jobs (weight = 1.8). Using these weights, we developed a weighted
index for labor flexibility for each plant. Similar technique has been
used by Bartholdi and Eisenstein (2005) in ranking the workers
from slowest to fastest in constructing the flexibility index in their
bucket brigade model and by Iravani et al. (2005) in constructing
structure flexibility matrix.

Process-focused training was reflective of the breadth of skills and
ability to work in teams (Hopp and Van Oyen, 2004). It was formed
by two  items measured from ‘1 not important’  to ‘7 very impor-
tant’: (1) importance given in training toward developing skills in
handling multiple operations; and (2) importance given in training
toward developing ability to work in teams (Gunasekaran, 1998).

Equipment-focused training was  reflective of the depth of skills
(Hopp and Van Oyen, 2004). It was  formed by four items measured
from ‘1 not important’  to ‘7 very important’:  (1) importance given
in training toward developing skills in reducing set-up time; (2)
importance given in training toward developing skills in handling
minor repairs; (3) importance given in training toward develop-
ing computer skills, and (4) importance given in training toward
developing equipment-problem solving skills (Plonka, 1997).

Job-rotation training was formed by two items: (1) extent to
which plant floor employees are trained by rotating between work
centers ranging from ‘1 not at all’  to ‘7 a great extent’(Eriksson
and Ortega, 2006); and (2) number of hours of such training per
year given to plant-floor employees (Beltran-Martin et al., 2008;
Delaney and Huselid, 1996). The second item, which was a contin-
uous variable, was transformed into a seven point interval scale
before it was used to form the job-rotation training measure.
According to the measurement theory (Suppes and Zinnes, 1962),
once a set of measurements have been made on a particular scale,
it is possible to transform the measurements to yield a new set of
measurements at a different level. It is always possible to transform
from a stronger level to a weaker level, as the case here.

Reward structure was based on the work by Sumukadas and
Sawhney (2004) and Lawler et al. (1992).  This construct was  formed
by two  items measured from ‘1 not at all’  to ‘7 a great extent’:  (1) the
extent to which flexibility improvement formed an important com-
ponent of plant manager’s evaluation; and (2) the extent to which
the organization’s reward and recognition practices were linked to
the number of jobs that employees were qualified to perform.

Labor flexibility implementation had no prior empirical measure

and hence reliance was placed on the expert opinion gathered
during field work to identify its measures. We  were given to under-
stand that implementing labor flexibility meant that workers have
to move between different jobs at different skill levels, therefore,
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Table 1
Sample size and response rate.

Firm size
(number of employees)

Response size versus
sample size

Response rate

<50 21 of 54 39%
51–100 26 of 56 46%
R. Sawhney / Journal of Operat

he labor practices within the plant should be favorable to allow
uch practices. This construct was formed by three items measured
rom ‘1 not at all’  to ‘7 a great extent’:  (1) the extent to which the
abor practices allowed workers to be used for multiple jobs; (2)
he extent to which management used flexibility improvement as

 way to increase profits; and (3) how often does the plant resort
o transferring multi-skilled labor to bottleneck areas from other
reas when faced with temporary bottlenecks and overloads.

Performance measure, Roth (1989) argues, should depend on
he research objective. Accordingly, we plan to design the perfor-

ance measure to reflect the hypothesized consequences of the
ffective deployment of multi-skilled labor. As discussed earlier,
abor flexibility should enable plant management to maintain pro-
uction flow, thus avoiding queues at bottlenecks and reducing
ork-in-process (WIP) inventory build-up. Supporting this notion,

tudies (Hopp and Van Oyen, 2004; Oliver, 1990) have found high
orrelation between labor flexibility and WIP  reduction. These
abor flexibility enhancing efforts will concurrently reduce costs
y reducing idle labor and equipment. Therefore, the performance
easure was formed by two items: (1) work-in process inven-

ory (WIP) and (2) manufacturing cost. Our field study experience
nd that of prior researchers suggest that there is a respondent
eluctance to provide objective data on WIP  and cost. Therefore,
omparable data on manufacturing performance was obtained by
sking respondents to provide a rating of their firm’s performance
elative to the industry averages. Jayaram et al. (1999) argue that
elative measures are good indicators when studying a single indus-
ry, the condition in this study. Each item ranged from ‘1 far worse
han competitors’ to ‘7 far better than competitors’.

Product complexity in PCB industry is measured by hole size,
ine width, and number of layers that are embodied in the cir-
uitry (Bosshart, 1992). Drilling and plating small holes becomes
ncreasingly difficult as the number of layers increase. Therefore,
he measure for product complexity sought data on (1) the typi-
al hole size provided (reverse coded), (2) the typical line width
rovided (reverse coded), and (3) the typical number of layers
rovided. Since these were continuous items, they were first trans-
ormed into interval items on 7-point scale before they were used to
orm the scale for ‘product complexity’. According to the measure-

ent theory (Suppes and Zinnes, 1962), once a set of measurements
ave been made on a particular scale, it is possible to transform the
easurements to yield a new set of measurements at a different

evel. It is always possible to transform from a stronger level to a
eaker level, as the case here.

According to Wanous et al. (1997),  single item measures are
ppropriate when measuring self-reported facts or when “the con-
truct being measured is sufficiently narrow or is unambiguous to
he respondent” (p. 247). Single item measure was  used for job-
enure that required factual information and was measured by the
umber of years that a typical shop-floor employee had worked at
he plant. On the other hand, plant size was measured by the num-
er of employees (Sumukadas and Sawhney, 2004), a measure that

s used frequently in the literature.

.2. Sampling

The population was  the 300-plus plants of the North Ameri-
an PCB industry. Equal numbers of plants from three plant-size
tratum (less than 50 workers; 51–100 workers; greater than 100
orkers) were selected resulting in a stratified sample of 180
lants. Respondents were senior managers responsible for oper-
tions, typically vice president of operations, vice president of

anufacturing, or director of operations. Thirteen firms were later

ropped from the sample because they were either prototype shops
r printed wired board facilities not PCB manufacturers. Dillman’s
1978) total design principles of mail questionnaires were followed.
>100 27 of 57 47%
Total 74 of 167 45%

A total of 74 usable responses were received from the reduced sam-
ple of 167 firms, representing a 45% response rate. Three plants had
unions; but no noticeable differences were seen as compared to
the non-union plants. As shown in Table 1 above, these responses
were almost equally spread across the three stratums and thus pro-
vided confidence that all the three size categories were adequately
represented by our data.

4.3. Methodology

Causal models are frequently examined by covariance struc-
ture analysis (e.g. LISREL), which necessitate well developed a
priori theory (Fornell, 1983). Given the lack of well-developed
theories in our research area, we utilized the structural equation
modeling that is afforded by Partial Least-Squares (PLS) method.
This modeling approach “makes minimal demands about measure-
ment scales, sample size, and the distribution of residuals” (Fornell
and Bookstein, 1982, p. 449) and “avoids many of the restrictive
assumptions underlying maximum likelihood techniques” (p. 440).
The analysis was conducted using SmartPLS version 2.0 (Ringle
et al., 2005) that provides a Graphical User Interface (GUI), which
allows a user to easily express his/her model as a path diagram and
also to view the estimates of the model parameters in the same
diagram.

A PLS path model is described by two  models: (1) measure-
ment model that relates the manifest variables (MV  or the items) to
their latent variables (LV or the constructs), sometimes called the
outer model and (2) a structural model relating the endogenous and
exogenous LVs through paths, sometimes called the inner model.
A path model can be validated at three levels: (i) the quality of the
measurement model, which is similar to testing for construct valid-
ity by checking convergent and divergent validity, (ii) the quality of
the structural model, which is similar to checking R-square and the
goodness of fit of the equations of the model using F-statistics, and
(iii) each structural regression equation, which is similar to check-
ing the t-statistics to see whether the association is significant or
not.

4.4. Construct validation

Lack of past-validated measures necessitated a significant
reliance on the field study for content and construct validity.
The survey instrument was  developed after interviews at differ-
ent organizational levels, factory visits, and analysis of company
documents, followed by pilot tests at two beta sites. Continuous
interaction was  maintained with industry experts, who  reviewed
and commented on the questionnaire, thus enhancing its content
validity (O’Leary-Kelly and Vokurka, 1998). A revised questionnaire
was reviewed by colleagues for clarity, and finally pre-tested with
three managers as a reality check (Malhotra and Grover, 1998). The
project’s 45% response rate is indicative of strong support that was
received from the PCB industry.
A non-response bias check was performed for the companies
that did not respond. A comparison of the profiles of responding
plants and non-responding plants failed to identify any system-
atic difference that might explain the non-responses. Further, the
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ast one-fourth of surveys received was not statistically different
rom the first one-fourth (Lambert and Harrington, 1990). In a few
ases phone calls were made to complete missing responses or to
erify seemingly illogical ones. Random telephone calls were also
ade to a few companies to cross validate the data, thus increas-

ng confidence in the results (Malhotra and Grover, 1998). Pseudo
est–retest reliability checks were performed using archival data
ollected from the respondents’ public web sites, and from third
arty Internet information providers.

It is important to ensure that the measures of the constructs
re reliable and valid, before proceeding to draw conclusions about
he relationships among the constructs. In PLS model, the item
eliability is assessed by the loadings of respective items on their
espective latent constructs (Hulland, 1999). The higher loading
mplies that there is higher shared variance between the construct
nd its measure than error variance. Scale reliability, implying that
he measurement is free of random errors, can be assessed in PLS
sing an Internal Consistency (IC) measure (Werts et al., 1974).
hough Cronbach’s  ̨ is more commonly used, IC is more general
nd, unlike ˛, it is not adversely influenced by fewer items in a mea-
urement scale. Cortina (1993, p. 103) demonstrates the extent to
hich Cronbach’s alpha is affected by the number of items, aver-

ge item inter-correlation, and dimensionality. He shows that alpha
an be rather high and acceptable by the standards of 0.7 used
y many, inspite of low average item inter-correlation or multidi-
ensionality, provided there is sufficient number of items. Cortina

1993) goes on to show the range of alphas that are possible with
ncreases in the number of items even with pronounced multidi-

ensionality. In addition, theory and measurement are necessarily
etter integrated because IC is computed within the context of

 research model (Sumukadas and Sawhney, 2004). IC values of
.7 and above (Table 2) indicate that the measurement scales are
dequately reliable (Nunnally, 1978).

All measurement items, except one, had their loadings on the
onstruct at 0.6 or above (see Fig. 2), and were significant at p ≤ 0.01,
ndicating good convergent validity. The measurement item with
oading less then 0.6, namely, number of layers (to measure prod-
ct complexity) was dropped. The square roots of the Average
ariance Extracted (AVE) exceed 0.7 and also are larger than the

nter-construct correlations (Table 2), thus indicating good dis-
riminant validity (Fornell and Larcker, 1981). In other words, the
easurement items corresponding to a construct did not cross-load

xcessively on other constructs.

. Results

Having established the strength of the measurement model
bove, it is possible to examine the relationships among the
odel constructs. A PLS model specifies relations between latent

onstructs that are tested by estimating the paths between the con-
tructs, which are indicators of the model’s predictive ability. The
ath coefficients and significance levels are taken as an indication of
upport for the hypothesis. The statistical significance (t-values) of
stimates is examined in PLS by incorporating bootstrapping tech-
ique in which multiple subsamples from within the same sample
re taken to build a distribution for each parameter and derive a
tandard estimate (Efron and Tibshirani, 1993). Therefore, no distri-
utional assumption is made of the data (Sumukadas and Sawhney,
004). “The number of resamples has to be specified. The default

s 100 but a higher number may  lead to more reasonable standard
rror estimates” (Tenenhaus et al., 2005, p. 176). In order to test

he robustness of the model, the SmartPLS bootstrapping proce-
ure was run with different number of resamples (namely, 200,
00, and 400) and the results were found to be very stable. Here we
eport the results from analysis of 300 samples. In addition, the PLS Ta
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Control variables

Process-focus ed
Training

Equipment -
focused training

Job tenure

Job-rot ation
train ing

Reward 
structure

Plant size

Product 
complexity

Labor flexibi lity
acquired

R2 = 0. 726

Labor fl exibi lit y 
imple mented

R2 = 0.444

Performance
R2 = 0.095

Skills i n handli ng mul tiple 
operations
Ability to  work in a team

Computer skil ls

Skills i n redu cing set -up 
time
Skills i n handli ng minor 
repa irs

Skills i n proble m solving 

Number of  years of  serv ice

Extent o f traini ng by 
rotation

Number of  hours of 
train ing

Labor practices allow
 w

orkers 
to be used for m

ultiple jobs

Flexibility im
provem

ent used to 
increase profits

Employees  evaluat ed on 
flexibili ty impr ovement

Rewards lin ked  to nu mbe r 
of jobs  qualified to  do

M
anufacturing costTypical  hole si ze provided

Typical l ine wi dth 
provided

Typical  nu mbe r of  la yers 
provided

0.940

0.940

0.689
0.837
0.769
0.862

1.000

0.705

0.843

0.912

0.927

0.810
0.920

1.000

0.307***

-0.323* **

-0.07 9

0.303***

0.325***

-0.146*

-0.1 12

Extent of transfer of m
ulti -

skilled labor to bottleneck areas

W
ork-in -process inventory

Number of  emplo yees

0.944 0.750

0.666***
0.308**

*** p < 0.01
**  p < 0.05

*  p < 0.10

Index = workers 
handle 1 job  + 1. 2x 
workers hand le 2  jobs 
+ 1.5x workers  hand le 
3 jobs + 1 .8x work ers 
handle 4 or mor e jobs

1.000
0.001

0.6250.7590.784
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Fig. 2. Analysis o

ethodology attempts to maximize the explained variance in the
ndogenous constructs (R2). PLS does not provide a goodness-of-
t index or other measures of model fit because PLS does not make
ny distributional assumptions. Instead, an indication of model fit is
rovided by the redundancy between constructs (shared variances,
hat is, R2 values). Amato et al. (2004) propose a global criterion of
oodness of fit (GoF) as the geometric mean of the average commu-
ality and the average R2. GoF measure is normed between 0 and
, where a higher value represents better path model estimations.

oF =
√

average communality × average R square

The research model is displayed graphically in Fig. 2 above. In
xamining the structural model the path coefficients derived are
he regression coefficients between endogenous and exogenous
onstructs. For example, the path coefficient estimating the direct
ffect of labor flexibility acquired on performance is 0.001. This
ndicates that, on average, a standard deviation increase in labor
exibility acquired is associated with a 0.001 standard deviation

ncrease in performance, statistically controlling for the effect of
ther explanatory variables. The path coefficients presented here
re accompanied by the corresponding significance levels, indi-
ated by the stars placed in the superscript. Given the exploratory
ature of our research, a liberal p-value of 10% was  used for test-

ng the proposed hypotheses. The numbers seen in Fig. 2 attest to
he predictive strength of the model, the discussion of which is
resented next.

.1. Labor flexibility and plant performance

The total effect of labor flexibility acquired on plant performance
s 0.206 with p-value ≤ 0.001, suggesting that the effect is highly

ignificant. The total effect is the sum of the direct and the indi-
ect effects. The direct effect of labor flexibility acquired on plant
erformance is represented in Fig. 2 by a unidirectional causal
rrow linking the two constructs. The direct effect is 0.001 with
research model.

p-value ≤ 0.996, which is not significant, thereby not supporting
the first hypothesis.

However, the impact of labor flexibility acquired on per-
formance was  channeled indirectly through the intervening
variable namely, labor flexibility implementation, thus suppor-
ting Hypothesis 2. As theorized, the impact of labor flexibility
acquired on labor flexibility implementation was 0.666 with p-
value ≤ 0.0001, suggesting a strong and significant positive impact.
And the impact of labor flexibility implementation on performance
was 0.308 with p-value ≤ 0.043, suggesting a strong and significant
positive impact.

The above results are consistent with the notion that simply
acquiring labor flexibility is not enough to improve plant perfor-
mance, but the effectiveness in implementing labor flexibility is
an extremely important intervening value added step. In other
words, the productivity losses due to technical and behavioral fac-
tors accompanying the implementation of labor flexibility need to
be appropriately managed to experience improved plant perfor-
mance from the acquired labor flexibility.

5.2. Management actions and labor flexibility

As hypothesized, acquired labor flexibility related positively
to process-focused training (p ≤ 0.01), negatively to equipment-
focused training (p ≤ 0.01), positively to job-rotation training
(p ≤ 0.01), and positively to reward structure (p ≤ 0.01). The rela-
tion between labor flexibility and job-tenure was  not significant
(see Fig. 2). Although workers with longer job-tenure are likely to
have had more opportunities to learn more than one job; beyond a
certain age they likely have had less formal education, learn more
slowly than their younger colleagues, and therefore, are less easily

engaged in multi-skilling initiatives. Under these circumstances,
the failure to control for employee age causes job-tenure to act
as a surrogate, thereby distorting the hypothesized association.
Another confounding variable could be disparities in employees’
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Table  3
R-square, communality, and redundancy.

R-square Communality Redundancy

Labor flexibility acquired 0.726 1.000 0.178
Labor flexibility implemented 0.444 0.527 0.233
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Plant performance 0.095 0.727 0.0002
Average 0.422 0.751

ork experience prior to being employed at the plant. A new
lant would employ, by definition, workers with extremely low

ob tenure. If these employees had worked at another plant, how-
ver, they might already possess the skills needed for flexible job
ssignment. The various factors (including employee age, educa-
ion and work experience) that modify the impact of job-tenure on
abor flexibility, need to be examined in future research.

We  found that product complexity had a negative impact
n acquired labor flexibility, thus supporting our conceptual-
zation that more complex boards require advanced labor skills
hus restricting workers from mastering multiple skills. On the
ther hand, plant size did not have a significant relationship with
cquired labor flexibility. These results support our hunch that
mbedded in plant size are two opposing forces working simul-
aneously, which tend to neutralize each other. On one hand, large
lants have more resources to train their workers and hence have
reater ability to acquire higher labor flexibility. On the other hand,
arger plants are also involved in manufacturing more complex
oards that require advanced labor skills thus restricting workers
rom mastering multiple skills.

.3. Model evaluation statistics

For evaluating the model, the fit of model to the data is sum-
arized by the model-evaluations statistics presented in Table 3

bove.
As shown in Table 3, the research model explained 72.6% of

he variance observed in labor flexibility acquired. Using Chin’s
1998) recommendations where R2 values of 0.67, 0.33, and 0.19
or endogenous latent variables are described as large, moderate
nd weak respectively, a R2 of 72.6% would be considered a large
ffect size. Additionally, 44.4% of variance observed in labor flex-
bility implemented would be a moderate effect size. And 0.095%
f variance observed in plant performance would be considered a
eak effect size. Overall, the average R2 of 42.2% and GoF value of

6.3% suggest a good indication of model fit (Amato et al., 2004).

. Conclusions and future research

Although a positive relationship between acquired labor flexi-
ility and plant performance is intuitively appealing, the empirical
esearch has lagged behind. Moreover, prior empirical evidences
ave not fully clarified the processes through which evolving HR
ractices impact plant performance (Beltran-Martin et al., 2008).
ur research delineates this process and advances the understand-

ng of this relationship by introducing a mediating variable, namely,
abor flexibility implementation that captures the sophistication of

oving flexible labor to manage temporary bottlenecks and over-
oads. In doing so, this mediating construct captures the actual
fficiency of managing the technical and behavioral trade-offs, such
s the loss of walk times, training costs, learning and forgetting
ime, and efficiency versus quality, that have been at the heart of
he debate (Schultz et al., 2003; Aksin and Karaesmen, 2007). It

upports the notion that the server assignment policy (Andradottir
t al., 2003) needs to be astutely managed to maximize the capac-
ty of the queuing network leading to improved plant performance.
ur findings lend further empirical credibility to the findings of
anagement 31 (2013) 98–108

Schultz et al. (2003),  suggesting that in the act of implementing
labor flexibility the plant managers must minimize the emerging
behavioral trade-offs to help increase plant performance. In other
words, simply acquiring labor flexibility is not enough to improve
plant performance; managers need to be also astute in implemen-
ting labor flexibility.

We  develop a measure for acquired labor flexibility based on
our field study observations. Our research also offers a fresh look
at some of the HRM actions that enhance the acquisition of labor
flexibility. Perhaps the strongest and most consistent pattern of
findings in our study is the beneficial impact on labor flexibility of a
change in management actions from directive to supportive. Plants
that provided greater levels of process-focused training instead
of equipment-focused training, greater job-rotation training, and
more reward practices based on greater skills acquired higher labor
flexibility.

Our results lend credibility to the resource based view argu-
ments that highlight the relevance of creative and flexible labor
resources to a plant’s performance. In addition, this study connects
current approaches to job design such as the job characteris-
tics model, job enrichment, quality of work life, just-in-time, and
kaizan, to labor flexibility and plant performance.

6.1. Managerial implications

For many years there has been a wide belief among academics
and practitioners that employees are the most important resource
to achieving superior plant performance. Our results endorse this
assertion by supporting the notion that the plants that acquired
higher labor flexibility and executed it well in the form of imple-
menting labor flexibility by transferring multi-skilled workers to
bottleneck areas enjoyed higher plant performance.

This paper contributes by helping OM and HR researchers and
practitioners gain insight into potential value of HRM practices
to OM related performance indicators by providing a theoretical
framework of value creating relationships. In this study, higher
acquired and implemented labor flexibility has been identified
as a significant contributor to plant performance measured by
reduced WIP  inventory and cost. While these performance indi-
cators are typically the responsibility of operations managers, the
management actions that promote both the acquisition and imple-
mentation of labor flexibility are frequently in the domain of HR
managers. Our results suggest that firms who establish a culture of
high integration and joint working between operations and human
resources departments will realize significant improvements in
plant performance. Similarly, both the operations manager and
the human resource manager need to work cooperatively in work
reorganization to allow for sophisticated labor flexibility imple-
mentation.

In addition, given the sustained and long-term efforts required
to change the capabilities of workers, management needs to adopt a
long-term strategic approach in the development of labor skills and
attitudes. There needs to be a change in the trend that was reported
in 1990s (Reich, 1991), and still continues to persist (Mangan and
Christopher, 2005), that U.S firms invest inequitably far more in
new plants and equipment than they do in education and training
of their workers, which provides for labor flexibility.

The value of our study to practitioners lies in the findings
from our empirical research in the printed circuit board industry.
The single-industry investigation has the benefits of more con-
trol and richer explanations, while encompassing the technologies
used in a much broader industrial segment. There is reason to

believe that these findings extend well beyond the printed circuit
board fabrication industry. As already noted earlier, PCB fabrication
shares a broad range of processes with many other manufactur-
ing industries, so it is reasonable to expect comparable impact
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f management actions on plant performance via improved labor
exibility in other industries.

.2. Future research

The development of a strong theoretical foundation for manag-
ng labor flexibility is only in its infancy. Additional theoretical and
mpirical research is needed for many of the relationships explored
n this paper. First, future research can refine the new constructs
dentified in this study, namely, labor flexibility, management
ctions, and plant performance. The various factors (including
mployee age, education and work experience) that modify the
mpact of job-tenure on labor flexibility also need to be examined in
uture research. More research is also needed on the determinants
f and motivation for investment in both acquiring and imple-
enting labor flexibility. In other words, greater understanding is

equired to decrease the technical and behavioral trade-offs that
nterfere with implementing labor flexibility. Second, other plant
erformance measures such as profitability, net profit margin, mar-
et share, and return on equity can be introduced to enrich the
onstruct. A natural order of progression for such research would
nvolve repeating this study with a larger sample of firms in another
ndustrial setting. Before repeating the study, it would be advisable
o first revamp the survey to expand the single item scales. Another
seful extension would be to replace the present study’s exclu-
ive reliance upon operations managers with respondents also from
RM.
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