
Impact of lean practices
on operations performance
and business performance

Some evidence from Indonesian
manufacturing companies

Gusman Nawanir, Lim Kong Teong and Siti Norezam Othman
School of Technology Management and Logistics,

Universiti Utara Malaysia, Sintok, Malaysia

Abstract

Purpose – This study aims to investigate the relationship between lean practices, operations
performance (OP), and business performance (BP).

Design/methodology/approach – This survey-based study was a cross-sectional study. The samples
were drawn by using stratified random sampling procedure from large Indonesian manufacturing
companies based on the directory provided by the Data and Information Center of Indonesian Ministry of
Industry with the final number of respondents of 139. Four main hypotheses were developed and
tested statistically by applying multivariate data analyses.

Findings – The results provided evidence that lean practices should be implemented holistically.
Lean practices have a positive and significant impact on both OP and BP. Moreover, OP partially
mediates the relationship between lean practices and BP.

Research limitations/implications – The data used in this survey represent self-reporting by
mainly the middle or top management in production.

Practical implications – This study contributes to the lean manufacturing (LM) body of knowledge
by identifying the relationships between the LM practices, OP, and BP. Understanding these
relationships will help practitioners in making better decisions in manufacturing organizations as well
as enable application of the concepts in this study to other contexts such as service organizations.

Originality/value – Although there are a growing number of anecdotal and empirical evidences
in favor of LM in manufacturing environment, there has been almost no theory-building and
methodologically rigorous research examining the link between LM, OP, and BP. This study is
addressed to fill this gap.

Keywords Business performance, Indonesia, Lean manufacturing, Lean practices,
Operations performance

Paper type Research paper

Introduction
The origin of lean manufacturing (LM) was established on the shop-floors of the Toyota
Motor Corporation during 1970s (Shingo, 1981), under the names of Toyota Production
System (TPS) or just-in-time (JIT) manufacturing (Taj, 2008). Papadopoulou and
Özbayrak (2005) explained that the term “lean” was first coined by Krafcik (1988)
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to describe a production system that uses fewer resources compared to mass production.
Due to the practices of LM, JIT, and TPS being about the same (Heizer and Render, 2008),
these terms are often used interchangeably (Heizer and Render, 2008; Taj, 2008).
According to Papadopoulou and Özbayrak (2005), LM is merely an Americanized
version of the TPS or the JIT. The concept of LM is constantly evolving as well as
experiencing expanding scope and focus (Papadopoulou and Özbayrak, 2005). Recently,
the term “lean manufacturing” has become more prevalent, thus it is subsequently used
in this study to encompass all the related practices.

Facts and figures have indicated that LM contributed significantly to the success
of the Japanese and US companies during the last three decades. Even Krafcik (1989)
suggested that high performance depends on creating a LM system. Nowadays, the
concept of LM is transferred actively across countries and industries due to its global
superiority in cost, quality, productivity, flexibility, and quick response
(Schonberger, 2007).

Various studies concluded that LM has helped numerous companies to improve
performance through waste elimination. At the operations level, several studies
postulated that LM has become a powerful approach in escalating operations
performance (OP) in terms of quality (Fullerton and Wempe, 2009; Shah and Ward,
2003), inventory minimization (Chong et al., 2001; Fullerton and McWatters, 2001),
delivery (Ahmad et al., 2003, 2004), productivity (Fullerton and Wempe, 2009; Singh et al.,
2010), and cost reduction (Cua et al., 2001; Hallgren and Olhager, 2009). Surprisingly, LM
has also been recognized as a fantastic strategy to improve business performance (BP) in
terms of profitability (Ahmad et al., 2003; Fullerton and Wempe, 2009), sales (Green and
Inman, 2007; Kannan and Tan, 2005), and customer satisfaction (Green and Inman, 2007;
Sakakibara et al., 1997). This condition remains a fundamental question; “how LM leads
to the better BP?” While there is a growing number of anecdotal and empirical evidence
in favor of LM in manufacturing environment, there has been almost no theory-building
and methodologically rigorous research examining the link between LM, OP, and BP.

More importantly, much of the research had examined the impact of LM on
performance in the developed countries, such as Japan, the USA, the UK, Germany, Italy,
etc. Amoako-Gyampah and Gargeya (2001) suggested that not much attention had
been paid to investigate the LM-performance relationships in the developing countries.
The researchers believed that in order to obtain a clearer picture regarding the impact of
LM practices on performance, investigations in the context of developing countries
are substantially required.

The purpose of this paper is to investigate the interrelationships between LM, OP,
and BP in Indonesian manufacturing companies. Specifically, the extent of LM
implementation is examined comprehensively by using the nine practices, whereas
performance is assessed simultaneously in two levels; OP and BP. Finally, the role of
OP in mediating the LM practices-BP relationship will be investigated.

Indonesian manufacturing sector
Indonesia, the largest archipelago in the world with strategic location along major sea
lanes between the Indian Ocean and Pacific Ocean, is recognized as the country with
abundance of natural resources. Reported by CIA (2012), Indonesia is currently in the
top four of the most populated country in the world with about 249 million peoples.
Nowadays, with its abundant resources, Indonesia plays a major role domestically and
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in export markets with total exports US$203.50 billion and imports US$177.44 billion
in 2011 (BPS-Statistics Indonesia, 2012b).

The main contributor to the Indonesian exports (i.e. manufacturing sector),
as reported by the BPS-Statistics Indonesia (2010), was dominated by food and beverage
(23.99 percent); textile, wearing apparel and leather products (22.26 percent); wood
products, furniture and fixtures (14.86 percent); non-metallic mineral products
(6.98 percent); plastic and rubber (6.73 percent); metal and metal product (4.70 percent);
chemical (4.31 percent); and tobacco products (4.27 percent); besides industrial
machinery, electronic, electrical equipment, instrumentation and motor vehicle
(6.44 percent). Recently, the BPS-Statistics Indonesia (2012c) stated that production
growth of Indonesian large and medium manufacturers tended to increase significantly
from 2001 to 2011. Although a negative growth was occurred in 2006, a significant
growth of 5.57 percent was observed in the year 2007. In the following years, production
grew rapidly from 1.34 percent in 2009, 4.45 percent in 2010, 5.56 percent in 2011 and
tended to increase in 2012.

More importantly, it is indisputable that manufacturing sector contributed
significantly to the total economic structure of Indonesia. This sector gave the highest
contribution (23.80 percent) to the total gross domestic product (GDP) in the year 2011
compared to other sectors (BPS-Statistics Indonesia, 2012a). Although this sector
contributed significantly to the economics of Indonesia, lack of technical efficiency
(Anatan, 2006; Margono and Sharma, 2006; Zailani et al., 2008) has been highlighted as
one of the major obstacles faced by the Indonesian manufacturing companies. Margono
and Sharma (2006) noted that improvement in technical efficiency drove the growth
of manufacturing companies positively. Relevant to the LM, there is a consensus that
LM improves the technical efficiency and subsequently improves organizational
performance. It is expected that LM implementation would help Indonesian
manufacturing companies to enhance better technical efficiency and companies’
performance. Nowadays, to the researchers’ knowledge, there are very limited studies
that have been carried out for particular cases like Indonesia.

Literature review
Although many studies have provided empirical evidence that LM significantly
improves performance, only fewer studies have investigated the simultaneous
synergistic effects of multiple aspects of LM and performance. Many studies did not
consider the significant effects of LM on both OP and BP simultaneously (Bartezzaghi
and Turco, 1989; Bhasin, 2008; Chang and Lee, 1995). Sometimes, LM and performance
were examined individually or in very limited subsets, thus the results occasionally
produced misleading information and misconceptions (Ahmad et al., 2003; Fullerton and
Wempe, 2009; Furlan et al., 2011b). In addition, literatures had provided evidence that
LM was not implemented as a total system (Cua et al., 2001; Fullerton and Wempe, 2009),
while Goyal and Deshmukh (1992), Harber et al. (1990) and White and Prybutok (2001)
argued that potential benefits of LM will not be realized before it is implemented as a
total system.

LM practices
For LM to work well in achieving a better performance, some fundamental practices
must be in place. According to Ahmad et al. (2003), Ramarapu et al. (1995) and Shah and
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Ward (2007), although many researchers and practitioners have attempted to identify
the main LM practices, there was no single agreement among them regarding the
relative importance of the practices. The practices varied widely based on the authors’
background. These differences caused practitioners and researchers to offer diverse sets
of practices under the same concept. Due to the overall consensus that is still lacking,
the most commonly used practices proposed by several past studies are compiled by
regrouping various activities into nine practices. Even though this study did not include
some of the LM practices discussed in literature as separate components, many were
assimilated into related practices as exhibited in Table I.

Performance measurement
Performance measurement underwent a revolution, from pure financial focus to
include more comprehensive business characteristics (Neely et al., 2005). Neely et al.
(2000) noted that although practitioners argued some areas in which performance
measurement might be useful, little guidance is given on how appropriate measures
can be applied to manage the business. LM is frequently implemented at the shop-floor
and associated with production processes. Hence, the use of non-financial measures,
which is not part of traditional accounting systems, seems to be useful in LM areas
(Abdel-Maksoud et al., 2005). This suggested that LM companies were more likely to
use non-financial measures to a greater extent rather than financial. Non-financial

LM practices Literature support

Flexible resources (i.e. employee involvement and
empowerment, multi-function employees, and multi-
function machines and equipment)

1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 14, 17, 19, 20, 22

Cellular layouts (i.e. group technology and cellular
manufacturing)

1, 2, 3, 4, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 19, 20, 21, 22

Pull system/kanban 1, 3, 4, 5, 6, 7, 8, 9, 10, 11, 13, 14, 15, 18, 19,
20, 21, 22

Small lot production 1, 2, 7, 11, 12, 13, 14, 18, 21, 22
Quick setup (i.e. quick changeover, single minute of
exchange dies, setup time reduction)

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16,
17, 18, 19, 20, 21, 22

Uniform production level (i.e. uniform work load, mixed
model production, repetitive master schedule, and daily
schedule adherence)

1, 4, 5, 6, 7, 8, 10, 12, 13, 14, 15, 21, 22

Quality at the source (i.e. process and product quality
control, and quality circles)

1, 2, 4, 5, 6, 7, 8, 9, 10, 11, 14, 17, 18, 19, 20,
22

Total productive maintenance (i.e. preventive maintenance,
team-based maintenance, and good housekeeping)

2, 3, 4, 6, 7, 8, 9, 10, 11, 13, 18, 19, 20

Supplier networks (i.e. JIT delivery by supplier, supplier
development program, and long term agreement with
supplier)

1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 16,
18, 19, 21, 22

Source: 1 – Lee and Paek (1995); 2 – Ramarapu et al. (1995); 3 – Sakakibara et al. (1997); 4 – Callen et al.
(2000); 5 – White and Prybutok (2001); 6 – Chong et al. (2001); 7 – Fullerton and McWatters (2001, 2002);
8 – Fullerton et al. (2003); 9 – Ahmad et al. (2004); 10 – Olsen (2004); 11 – Shah and Ward (2007); 12 –
Matsui (2007); 13 – Abdallah and Matsui (2007); 14 – Dal Pont et al. (2008); 15 – Hallgren and Olhager
(2009); 16 – Jayaram et al. (2008); 17 – Fullerton and Wempe (2009); 18 – Rahman et al. (2010); 19 – Taj
and Morosan (2011); 20 – Yang et al. (2011); 21 – Furlan et al. (2011a); 22 – Furlan et al. (2011b)

Table I.
Common practices of LM
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measures are actually measuring OP, which subsequently influences the BP.
Bartezzaghi and Turco (1989), Chang and Lee (1995) and Jeyaraman and Leam (2010)
postulated that OP is influenced by operating conditions and represents performance
at each production resource level. BP is regarded as a higher-level looking at a business
as a whole, with OP taking the role as a mediator variable. This study uses the two
performance levels as detailed in Table II.

Hypotheses
The study tested a set of hypotheses to analyze the question of whether LM practices
affect performance. These were structured by articulating the problem as a need to
understand the relationships among the variables. Four main hypotheses were posited:

H1. LM practices have a positive relationship with OP.

LM practices are believed to have a positive relationship with OP (Abdel-Maksoud et al.,
2005; Fullerton and Wempe, 2009; Hallgren and Olhager, 2009; Rahman et al., 2010)
because it is widely considered to be a potentially powerful approach to enhance better
OP through waste elimination. This leads to the following specific hypotheses:

H1a. LM practices have a positive relationship with quality.

H1b. LM practices have a positive relationship with inventory minimization.

H1c. LM practices have a positive relationship with delivery.

H1d. LM practices have a positive relationship with productivity.

Performance measures Literature support

Operations performance
Quality (i.e. quality of product conformance, quality
of service, and first passed quality yields)

2, 3, 5, 6, 7, 8, 10, 11, 12, 14, 16, 17, 18, 19

Inventory minimization (i.e. inventory turnover and
inventory level reduction)

2, 3, 4, 5, 6, 8, 12, 16, 17, 18, 19

Delivery (i.e. on-time delivery and fast delivery) 3, 5, 7, 10, 12, 16, 17, 18, 19
Productivity (i.e. labor productivity and facility/
machine productivity)

8, 11, 12, 13, 18, 19

Cost reduction (i.e. unit manufacturing cost and
quality cost)

3, 7, 8, 10, 11, 12, 16, 17, 18

Business performance
Profitability (i.e. profit margin and return on
investment)

2, 4, 5, 6, 9, 12, 13, 14, 15, 18, 19

Sales (i.e. sales growth and market share) 2, 12, 13, 14, 15, 18
Customer satisfaction (i.e. delivery lead time, overall
quality of products, responsiveness, and product
competitive prices)

1, 3, 5, 8, 12, 13, 15, 16, 17, 18

Source: 1 – Flynn et al. (1995); 2 – Chang and Lee (1995); 3 – Sakakibara et al. (1997); 4 – Claycomb et al.
(1999); 5 – Callen et al. (2000); 6 – Fullerton and McWatters (2001); 7 – Cua et al. (2001); 8 – Chong et al.
(2001); 9 – Fullerton et al. (2003); 10 – Ahmad et al. (2003); 11 – Shah and Ward (2003); 12 – Ahmad et al.
(2004); 13 – Olsen (2004); 14 – Kannan and Tan (2005); 15 – Green and Inman (2007); 16 – Matsui (2007);
17 – Abdallah and Matsui (2007); 18 – Bhasin (2008); 19 – Fullerton and Wempe (2009)

Table II.
Common measures

of performance
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H1e. LM practices have a positive relationship with cost reduction.

The second hypothesis is as follows:

H2. LM practices have a positive relationship with BP.

It is hypothesized that LM practice would lead to higher BP because the central theme of
LM is to have the right items of the right quality and quantity in the right place and at the
right time. This means that waste must be extremely eliminated. Hence, it is believed
that LM practice encourages higher profits (Green and Inman, 2007; Yang et al., 2011),
outstanding sales (Green and Inman, 2007; Yang et al., 2011), and higher customer
satisfaction (Abdallah and Matsui, 2007; Chong et al., 2001). Therefore, the following
specific hypotheses were posited:

H2a. LM practices have a positive relationship with profitability.

H2b. LM practices have a positive relationship with sales.

H2c. LM practices have a positive relationship with customer satisfaction.

The third hypothesis is:

H3. OP has a positive relationship with BP.

OP is believed to have a positive relationship with BP (Durden et al., 1999; Van der
Stede et al., 2006) because the improvement on each production resource level would
increase the companies’ ability to obtain higher profits, to enhance the sales, and to
satisfy customers. Furthermore, it is also believed that the success of the companies
with respect to overall performance is sufficiently determined by the success at the
operations level (Fullerton and Wempe, 2009; Said et al., 2003). This led to the following
three specific hypotheses:

H3a. OP has a positive relationship with profitability.

H3b. OP has a positive relationship with sales.

H3c. OP has a positive relationship with customer satisfaction.

The last hypothesis is:

H4. OP mediates the relationship between LM practices and BP.

It is hypothesized that OP acts as a mediator in the relationship between LM practices
and BP (Ahmad et al., 2004; Fullerton and Wempe, 2009).

Methodology
This study was a cross-sectional study performed once, and it represents a snapshot of
one point in time (Cooper and Schindler, 2003). Organization was the unit of analysis.
Respondents were required to answer a set of close-ended with ordered choice questions
adapted from several sources. This study emphasizes in measuring LM in nine practices,
OP and BP in five and three measures, respectively, (Appendices 1-3). OP and BP were
measured based on the achievement during the past three years to reduce the influence
of temporary fluctuations in the variables. The measurement was perceptual with
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a five-point Likert scale: strongly disagree (1); disagree (2); neither agree nor disagree (3);
agree (4); and strongly agree (5).

The Data and Information Center of the Indonesian Ministry of Industry (2008)
provided a directory of 22,259 manufacturing companies in Indonesia. Large
companies were selected as population of the study having more than 100 employees,
because they commonly implemented LM more often than do small companies (Shah
and Ward, 2003, 2007). The original list was reduced to 2,421 by eliminating small and
medium companies, and sectors those were uncommonly selected in previous studies.
Using stratified random sampling procedure, 1,000 of 2,421 companies were selected.

The questionnaires were distributed by mail to the respondents, i.e. top and middle
management in production. They were required to return the completed survey
booklets within 15 days of receipt in the enclosed self-address envelope with stamp
provided. Around 20 days later, the non-response companies were telephoned to
maximize the response rate. The data was collected from the early 2010 until mid-2010.

Results
Respondent profile
A total of 161 questionnaires was completed and returned. This led to an effective
response rate of 16.10 percent. However, this number was reduced to 139 because of a
few missing values and outliers. The companies represent a wide variety of industries;
they are paper products (11.51 percent); chemical (10.07 percent); rubber and plastic
products (15.11 percent); non-metallic mineral products (6.47 percent); metal products
(11.51 percent); industrial machinery (5.76 percent); electronic, electrical equipment and
components (16.55 percent); instrumentation (8.63 percent); and motor vehicle and
accessories (14.39 percent). Based on the usable responses; the majority of respondents
were the manager (62.59 percent), the head of department (20.86 percent), the director
(5.04 percent), and other middle and top management positions in production
(11.51 percent) who are familiar with LM activities and performance, such as senior
manufacturing engineer and LM implementer.

Construct validity and reliability
The first step in examining the data involves testing for the assumptions underlying
the statistical based for multivariate data analysis. Even though some multivariate
techniques are less affected by violating certain assumptions, in all cases, meeting
some of the assumptions will be critical to a successful analysis. For this reason, the
normality and linearity tests have been applied. The results suggested that the data
fulfill these assumptions.

Cooper and Schindler (2003) described that the researchers have to ensure whether
or not the test measures do actually measure what is to be measured (validity)
and maintain consistency of measurement results (reliability). Factor analysis was
carried out to examine construct validity on each construct separately because of the
limitation of sample size (Hair et al., 2010). Only items with a factor loading of at least
0.45 were retained (Hair et al., 2010).

Table III exhibits that a number of items that were recommended to be omitted.
The table shows that factor loadings for all retained constructs ranged from 0.47 to 0.88.
Moreover, all constructs explain more than 50 percent of total variance, except the three
constructs that were still marginally accepted, namely flexible resources (46.57 percent),
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quality (46.64 percent), and productivity (47.81 percent). Therefore, percent variance
values ranged between 46.57 percent and 70.22 percent. Although there are three values
that are marginally acceptable, these values are much better than the ones reported in
prior studies, such as by Abdallah and Matsui (2007), which ranged from 43.49 to
67.44 percent. All the KMO values are greater than 0.50 as recommended by Kaiser
(1974), indicating patterns of correlations are relatively compact, and thus, factor
analysis is reliable. In addition, The Bartlett’s test is significant at a ¼ 0.05 for all the
constructs, implying the variables are highly correlated to provide a reasonable basis
for factor analysis (Coakes and Steed, 2007). Therefore, the constructs used are valid
and eligible.

Construct reliability is assessed by using Cronbach’s a. A rule of thumb provided by
George and Mallery (2003) stated that a values of greater than 0.50 are adequate. Even,
Jones and James (1979) argued that a values ranging from 0.44 to 0.81 were acceptable
because a is a function of the number of items in the composite, and it tends to be
conservative. Due to this and that the current study used items adapted from past studies,
it was decided that a values over 0.50 were adequate. Table III shows that the values
range from 0.53 to 0.91. The values are better than Shah and Ward (2003), who reported
from 0.51 to 0.81. Thus, construct validity and internal consistency are satisfactory.

Descriptive statistics and linear correlation between variables
The descriptive statistics depicted that means of LM practices ranged from 3.27 (small
lot production) to 4.22 (quality at the source), with the standard deviation ranging
between 0.46 and 0.99 (Table IV). This indicates that at a certain level, Indonesian
manufacturers have been implementing LM. In terms of OP, the mean values ranged
from 3.94 (productivity) to 4.18 (cost reduction), with standard deviation ranging
between 0.46 and 0.54. This implies high OP. Similarly, the mean values of BP measures
also indicated a high BP. The mean values ranged between 3.96 (profitability) and
4.15 (customer satisfaction), with the standard deviation ranging between 0.49 and 0.59.

Cohen (1988) reported the commonly used set of descriptors for the interpretation of
correlation coefficients for social science as follows:

. absolute value of 0.00-0.09 equals no correlation;

. absolute value of 0.10-0.29 equals the low correlation;

. absolute value of 0.30-0.49 equals the medium correlation; and

. absolute value of 0.50-1.00 equals the high correlation.

In terms of LM, all the practices were positively associated with one another
and significant at a ¼ 0.01, with the correlation coefficient (r) values ranging from
0.23 to 0.74. Although there were several r values at the level of low and medium,
high correlation more frequently occurs among the LM practices. These positive
relationships tend to support the previous consensus that LM practices must be
implemented holistically (Feld, 2001; Goyal and Deshmukh, 1992; Mehra and Inman,
1992; White and Prybutok, 2001). Furthermore, the ultimate goal of LM is high
performance. LM practices are positively correlated with all measures of OP at the
0.05 significance level, except for uniform production level, which is not significantly
correlated with productivity. The r values ranged from 0.11 to 0.62. In short, the better
the implementation of LM practices, the better the OP. This result strongly agrees with
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previous studies, such as by Abdel-Maksoud et al. (2005), Ahmad et al. (2003, 2004),
Fullerton and Wempe (2009) and Shah and Ward (2003).

The r values indicating the relationships between LM practices and BP measures
ranged from 0.16 to 0.48. All the r values are significant at a ¼ 0.01; except for one, the
relationships between uniform production and sales (r ¼ 0.16) was significant at
a ¼ 0.05. Based on Table IV, the rvalues of the correlation between LM practices and BP
measures are relatively lower than the correlation between LM practices and OP
measures. It implies that the relationships between LM practices and OP measures are
stronger. These results tend to support Bartezzaghi and Turco (1989) and Chang and Lee
(1995), who stated that BP may be regarded as a higher level in the hierarchy objectives
with OP taking the role of mediator variable and representing the lower level.

As a mediator variable, OP can take the role as an independent variable, thus the
relationships among OP measures should be examined. Correlation coefficients
informed that almost all the OP measures were significantly correlated with one another
at a ¼ 0.01. The correlations are positive in the range from 0.163 to 0.488, which
suggests that OP measures are interdependent. More important, all the measures of OP
and BP were positively related with each other at a ¼ 0.01, except for two (r ¼ 0.18 and
r ¼ 0.20), which were significant at a ¼ 0.05. The presumption that OP can drive
broader BP was not violated. This finding strongly agrees with Fullerton and Wempe
(2009), Said et al. (2003) and Van der Stede et al. (2006).

Relationships between LM practices and OP, and between LM practices and BP
Multiple regression analyses indicated the significant relationships between LM practices
and OP measures (Table V). The adjusted R 2 values ranged between 0.19 and 0.47, while
the adjusted R 2 value of quality is the highest of all with 47 percent variance explained by
LM practices. The F-statistic, which tests H0:R

2 ¼ 0, was significant at a ¼ 0.05 for all
models. Similarly, a significant relationship was also found between LM practices and each
of BP measures (Table VI). Profitability has the highest adjustedR 2 value as 36 percent of
variances was explained by variances in LM practices. Moreover, the F-statistic testing
H0:R

2 ¼ 0 was significant for all BP measures at a ¼ 0.05. Although the analysis
produced a significantF, some of the t-statistic testingH0:bi ¼ 0 indicated an insignificant
relationship at a ¼ 0.05. For example, the regression model of quality indicated that
there were only three LM practices with a significant t, i.e. quality at the source (p ¼ 0.02),
TPM (p ¼ 0.01), and supplier networks (p ¼ 0.00). The regression model of inventory
minimization showed a similar result, with one significant LM practice at a ¼ 0.05 level,
i.e. quality at the source (p ¼ 0.01). Somewhat similar, just a few LM practices contributed
to BP. Sales was only supported by supplier networks (p ¼ 0.00), and customer
satisfaction was supported only by quality at the source (p ¼ 0.04). Moreover, several
regression coefficients have the theory contradictory sign, and one of them; the relationship
between supplier networks and cost reduction which was significant at a ¼ 0.10.
The coefficients take on the negative sign, while theory, common sense, and correlation
coefficient would suggest a positive relationship. These findings suggest the possibility for
multicollinearity (Grapentine, 1997; Hair et al., 2010; Mueller, 1996; Wang, 1996).

Relationships between OP measures and BP measures
In these relationships, the highest adjusted R 2 value is 0.43 (Table VII). The F-statistic
is significant at a ¼ 0.05 for all BP measures. However, the t-statistics show that only
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a few OP measures contributed to each of BP measures. Profitability was supported by
quality ( p ¼ 0.00), productivity ( p ¼ 0.00), and cost reduction ( p ¼ 0.03) at a ¼ 0.05,
while sales and customer satisfaction were just supported by quality ( p ¼ 0.00).
In addition, the b values of the relationship between delivery and profitability take on
the negative sign, while theory, common sense, and correlation coefficient suggested
a positive relationship. Once again, these suggested that multicollinearity might be
present in the regression models.

Reducing the effects of multicollinearity
One of the basic assumptions of multiple regression analyses is that the independent
variables are not linearly related. Multicollinearity refers to high linear correlation
between the independent variables (Hair et al., 2010). Hair et al. (2010) stated that as
multicollinearity increases, it complicated the interpretation of relationship because it
is more difficult to ascertain the effect of any single variable owing to other
inter-relationships. More detail, it can affect the following conditions (Wang, 1996):

. the estimated standard errors in the coefficient will be large and produce small
values of the t-statistic;

. the estimated coefficients may become insignificant or have wrong signs
(positive or negative); and

. difficult to assess the relative importance of independent variables, because of
the large estimated standard errors.

Referring the tolerance and variance inflation factor (VIF), some literatures such as by
Lim et al. (2006), Miles and Shevlin (2001) and Quresh et al. (2010) suggested that the
tolerance value of each independent variable of less than 0.40 and the VIF value of
greater than 2.50 are enough to indicate serious multicollinearity. In this study,
multicollinearity was present in the regression model with LM practices as independent
variables, especially for pull system (tolerance ¼ 0.32, VIF ¼ 3.13) and small lots
production (tolerance ¼ 0.43, VIF ¼ 2.32) were relatively close to the suggested
threshold values. However, Liao (2010) postulated that examining VIF and tolerance
alone to ensure the multicollinearity is inadequate. It should be examined with the help
of condition indices, eigenvalue, and variance proportion. If the eigenvalue becomes
close to 0, then there is a serious multicollinearity. Lani (2009) explained that if the
condition index is greater than 15 and less than 30, then basically multicollinearity is a
concern, and if the condition index is greater than 30, then it is a very serious concern for
the researcher performing the study. In addition, variance proportion values larger than
0.30 are considered problematic. Multicollinearity diagnostics indicated that there were
eight dimensions of LM practices with the condition index greater than 15. Surprisingly,
three indices were greater than 30. For example, condition index of one dimension (25.86)
is highly associated with pull system (variance proportions ¼ 0.50) and supplier
networks (variance proportions ¼ 0.49), then thebweights for pull system and supplier
networks are probably not well estimated (Lani, 2009; Liao, 2010; Pedhazur, 1997).
In addition, the eigenvalue for several dimensions were very close to 0, meaning
that, there was a serious multicollinearity. Furthermore, five dimensions of OP had the
condition index greater than 15 and one index was greater than 30. Additionally, the
eigenvalue for some dimensions were very close to 0. Condition index of one dimension
of OP (25.47) was highly associated with quality (variance proportions ¼ 0.30)
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and productivity (variance proportions ¼ 0.39), then the b weight for quality and
productivity are probably not well estimated. Hence, a serious multicollinearity problem
does exist in all the regression analyses conducted.

In reducing the multicollinearity effect, simple regression analysis on the first
principal component score of independent variable, as suggested by Adnan et al. (2006),
De Toni and Tonchia (2001), Hair et al. (2010) and Timm (2002), was applied. Principal
component analysis (PCA) is aimed to summarize most of the variance in a minimum
number of factors for prediction purposes (De Toni and Tonchia, 2001; Hair et al., 2010).
Dunteman (1989) explained, PCA linearly transforms an original set of variables into a
substantially smaller set of uncorrelated variables representing most of the variance in
the set of variables. As suggested by Agus (2000) and Lim (2003), simple regression was
applied between the dependent variables with the first principal component score of
independent variables by using the model: Y ¼ a þ b1X1. F-test was used to point out
whether the regression models significantly explained variances of dependent variables.

Relationships between LM practices (collectively) and OP measures, and between LM
practices (collectively) and BP measures
PCA produced the first principal component or linear combination of LM practices,
which were: 0.35 (flexible resources) þ 0.31 (cellular layouts)þ0.38 (pull system) þ0.35
(small lot production) þ0.29 (quick setups) þ0.25 (uniform production level) þ0.34
(quality at the source) þ0.35 (TPM) þ0.36 (supplier networks), which explain
48.70 percent of the total variance in LM practices. This value was better than the value
obtained by Shah and Ward (2003), which was 46.15 percent. The simple regression
indicates that the set of LM practices positively affects all the OP measures (Table VIII).

Unstd.
Model b SE Std b t Sig. R 2

The impact of LM practices on OP measures
DV: QUAL Constant 1.49 0.27 5.46 0.00 0.38 *

Regression 0.22 0.02 0.62 9.13 0.00
DV: INV Constant 2.51 0.31 8.00 0.00 0.16 *

Regression 0.14 0.03 0.40 5.15 0.00
DV: DEL Constant 2.14 0.32 6.71 0.00 0.20 *

Regression 0.16 0.03 0.45 5.81 0.00
DV: PROD Constant 2.16 0.30 7.20 0.00 0.21 *

Regression 0.16 0.03 0.46 5.99 0.00
DV: COST Constant 2.58 0.27 9.56 0.00 0.21 *

Regression 0.14 0.02 0.46 5.97 0.00
The impact of LM practices on BP measures
DV: PROF Constant 1.69 0.26 6.50 0.00 0.36 *

Regression 0.20 0.02 0.60 8.82 0.00
DV: SALE Constant 2.33 0.37 6.34 0.00 0.13 *

Regression 0.15 0.03 0.36 4.53 0.00
DV: CUST Constant 2.07 0.29 7.15 0.00 0.28 *

Regression 0.18 0.03 0.53 7.22 0.00

Notes: F-statistics are significant at: *0.05 level; IV is the first principal component score of LM
practices obtained from PCA

Table VIII.
Relationships between
LM practices
(collectively) and OP
measures and between
LM practices
(collectively)
and BP measures
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Hence, H1a-H1e are not rejected. The R 2 values range from 16.00 to 38.00 percent.
Furthermore, all the LM practices collectively contribute to the measures of BP with R 2

values ranging between 13.00 and 36.00 percent (a ¼ 0.05). Therefore, hypotheses
H2a-H2c are not rejected.

Relationships between OP (collectively) and BP measures
The first principal component equation of OP resulted from PCA is as follows: 0.52
(quality) þ0.42 (inventory minimization) þ0.35 (delivery) þ0.47 (productivity) þ0.46
(cost reduction). This explains 47.40 percent of the total variance in OP. This value is
much greater than 39.26 percent as was obtained by Shah and Ward (2003). Table IX
suggests that OP measures collectively contribute significantly to each of the BP
measures at a ¼ 0.05 with R 2 values ranging from 17.00 to 42.00 percent. Therefore,
H3a-H3c are not rejected.

Role of OP in mediating the relationship between LM practices and BP
The indirect relationship was evaluated by placing OP as a mediator variable. The first
principal component scores of LM practices and OP indicate that the weights were
about equal implying that each practice and OP measure is about equally represented
in the linear combination. Hence, one scale is then constructed for LM and OP based on
the first principal score resulted from PCA. In addition, linear combination of BP
obtained from PCA is as follows: 0.60 (profitability) þ0.55 (sales) þ0.58 (customer
satisfaction), explaining 64.70 percent of the total variance in BP.

Following the four steps for mediation test provided by Baron and Kenny (1986), the
full results of mediation test are presented in Table X and Figure 1. The results
indicated that LM practices directly affect BP with 37.40 percent variance explained.
LM practices affect OP with 48.40 percent variance of OP explained. Furthermore, both
LM practices and OP positively affect BP by explaining 45.70 percent variance of BP.
When regressing LM practices with BP, the results significantly fulfill step 1; LM
practices affect BP significantly (bc ¼ 0.61, p , 0.05). In addition, when regressing LM
practices with OP, the results fulfill step 2; LM practices significantly affect OP
(ba ¼ 0.70, p , 0.05). In the step 3, LM practices and OP are regressed together on BP.
The results indicate that the b value had a decreasing effect in the presence of OP
(bh ¼ 0.32, p , 0.05). It can be seen that the impact of LM practices on BP was
significant in both steps 1 and 3. Although the b value of the relationship between LM

Unstd.
Model b SE Std b t Sig. R 2

DV: PROF Constant 0.31 0.37 0.85 0.40 0.42 *

Regression 0.41 0.04 0.65 9.95 0.00
DV: SALE Constant 1.17 0.53 2.18 0.03 0.17 *

Regression 0.32 0.06 0.41 5.30 0.00
DV: CUST Constant 1.21 0.44 2.76 0.01 0.25 *

Regression 0.33 0.05 0.50 6.73 0.00

Notes: F-statistics are significant at: *0.05 level; IV is the first principal component score of OP
obtained from PCA

Table IX.
Relationships between

OP (collectively) and
BP measures
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practices and BP in step 3 is decreased (bc ¼ 0.61 decreased to bh ¼ 0.32), the value is
still significant. Therefore, OP partially mediates the relationship between LM
practices and BP.

The indirect impact of LM practices on BP is formed by multiplying two coefficients
together, the partial regression coefficient for OP predicting BP (bj) and the coefficient
for LM practices predicting OP (ba). Based on Table XI, the direct effect of LM
practices on OP was high (0.70). Similarly, direct effects of OP on BP and LM practices
on BP were also high (0.42 and 0.61, respectively). Moreover, indirect effect of LM
practices on BP was 0.29, which was also statistically significant ( p , 0.05). Hence,
total effect of LM practices on BP was 0.90 (0.61 þ 0.29). This value was considered to
be very high. In short, when LM practices go up by one standard deviation, BP goes up
by 0.90 standard deviations.

This empirical evidence suggested that higher levels of LM implementation would
lead to higher levels of OP, and ultimately higher levels of BP. These findings also
suggested that OP partially mediates the relationship between LM practices and BP.
Thus, the last hypothesis (H4) is partially supported.

Discussion
As shown in the data analyses, LM practices have been implemented by a number of
Indonesian manufacturing companies. This result is comparable with several previous

Dependent variable
Standardized b

Independent variable OP BP (without OP) BP (with OP)

LM practices 0.70 * 0.61 * 0.32 *

R 2 0.48 0.37 0.47
Adjusted R 2 0.48 0.37 0.46
R 2 change 0.48 0.37 0.47
F change 128.29 * 82.01 * 59.17 *

Note: Significant at: *p , 0.05
Table X.
Results of mediation test

Path Direct effect Indirect effect Total effect

LM practices ! OP 0.70 – 0.70
OP ! BP 0.42 – 0.42
LM practices ! BP 0.61 0.29 0.90

Table XI.
Effects between
the variables

Figure 1.
Results of mediation test

LM Practices (LM)

Operations
Performance (OP)

Business 
Performance (BP)

Step 1
BP = αc + βc LM

Bc = 0.61 (p < 0.05)

Path c

Path bPath a

Step 3 and 4
BP = αb + βh LM + βi OP

βh = 0.32 (p < 0.05)
βj = 0.42 (p < 0.05) 

Step 2
OP = αa + βa LM

βa = 0.70 (p < 0 .05)
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studies conducted in the developing countries, such as in Indonesia (Nugroho, 2007),
Malaysia (Wong et al., 2009), Thailand (Rahman et al., 2010), Ghana (Amoako-Gyampah
and Gargeya, 2001) and Brazil (Forrester et al., 2010). Based on these studies,
manufacturers in the developing countries were highly committed to implement the LM
concept. Even though previous studies stated that LM has been implemented in those
developing countries, manufacturing companies in these countries need to give attention
to implement LM practices from a holistic perspective. In other words, more effort is
required to improve the level of LM implementation. Hence, the expected benefits after
implementing LM practices could be achieved successfully.

The objective of this study has been achieved by applying several statistical
analyses. Pearson correlation coefficients among LM practices suggest that LM should
be implemented collectively and comprehensively because each practice is
interdependent. This is theoretically appropriate; LM practices should not be
implemented as individual practice or in a limited subset. Several authors, such as
Feld (2001), Furlan et al. (2011a), Harber et al. (1990), Mehra and Inman (1992), Shah and
Ward (2003, 2007) and White and Prybutok (2001), substantially supported this
conclusion. The result of the PCA for the LM practices also supports this evidence. The
first principal component score or linear combination of LM practices has positive
loading and close resemblance values indicating that each component is about equally
represented in the linear composite (Agus, 2000; Dunteman, 1989; Lim, 2003; Lim et al.,
2006). The first principal component can explain about 49 percent of the variance in LM
practices. Supporting this result, Shah and Ward (2003, 2007) have postulated “bundles”
of LM practices, because of high inter-correlation and inseparable characteristics among
the practices. Moreover, Goyal and Deshmukh (1992), Harber et al. (1990), Mehra and
Inman (1992), Shah and Ward (2007) and White and Prybutok (2001) provided empirical
evidence that if LM practices are not implemented holistically and as a total system, the
potential benefits will not be realized. Feld (2001) stated that the holistic approach of LM
implementation is meant to imply the dependence and inter-connectivity among the
practices. Each practice is necessary and critical for the success in LM deployment. He
posited that no one practice can be standalone and be expected to achieve better
performance than of all practices combined. When all practices work together, all would
contribute significantly to a company’s performance.

Relationships between LM practices and OP
The Pearson correlation analysis has provided empirical evidence that LM practices
positively associate with all the OP measures. Simple regression analyses asserted that
the first principal component of LM practices contributes significantly to all the
measures of OP. Hence, a higher extent of LM implementation would lead to better OP.
Fullerton and Wempe (2009), Lee and Paek (1995), Singh et al. (2010) and Taj and
Morosan (2011) supported this result. Furthermore, Kannan and Tan (2005) confirmed
that adoption of LM practices is a powerful approach in achieving the strategic goal at
the operations level. Numerous authors have developed reasonable considerations.
According to Abdel-Maksoud et al. (2005), Fullerton and McWatters (2002) and
Rahman et al. (2010), LM practices are more frequently implemented at the shop-floor
level and related to the production process. Bartezzaghi and Turco (1989) and Chang
and Lee (1995) also claimed that OP was actually reflected by some internal properties
of a production system, which is influenced by the manufacturing practices applied.
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This current study has also supported Shah and Ward (2003). Their study led to the
conclusion that the LM bundles significantly affect the collective measures of OP
(i.e. scrap and rework costs, cycle time, first-passed quality yields, labor productivity,
unit manufacturing cost, and customer lead time). More importantly, Rahman et al.
(2010) conducted a study pertaining to the impact of LM practices on OP in Thailand.
Surprisingly, although there are some differences in terms of measurement constructs,
to some extent, this current study supports the result of Rahman et al. (2010). They
reported that LM practices contributed significantly to better OP. Moreover, they found
that LM practices are applicable to large, small and medium enterprises; OP of those
companies can be driven substantially by LM implementation.

In addition, in the context of Malaysia, Wong et al. (2009) underlined that it is very
clear that the companies involved in their study gained various benefits after
practicing LM concepts. The benefits gained included lower cost, lower non-value
added activities, lower inventory level, higher profit, higher quality, higher flexibility,
better productivity, and better response time. To some extent, the study conducted by
Wong et al. (2009) supported this current study that LM practices improved OP in
terms of cost reduction, productivity, inventory minimization, and quality.

Relationships between LM practices and BP
The Pearson correlation analyses have provided evidence that LM practices positively
associate with BP. Simple regression analysis leads to the conclusion that LM practices
contribute significantly to all the measures of BP. Thus, the findings provide strong
support that the higher the extent of LM implementation, the better the BP. This
relationship has also been investigated by Chong et al. (2001), Claycomb et al. (1999),
Forrester et al. (2010), Kannan and Tan (2005) and Yang et al. (2011). These researchers
concluded somewhat similar results, i.e. LM positively affected BP.

Forrester et al. (2010), who conducted a study in the agricultural machinery sector in
Brazil, supported the idea that LM practices significantly improve BP and
competitiveness over competitors. In addition, this current study strongly agreed
with the study of Wong et al. (2009), in terms of the impact of LM on profitability
and customer satisfaction. According to Wong et al. (2009), LM practices improved
profitability and response time of electrical and electronics industries in Malaysia.
Hence, this current study has confirmed the previous studies by postulating that the LM
concept is applicable not only in the developed countries but also in the developing
countries. It provides a useful perspective for manufacturing companies throughout the
world to corroborate and understand the potential benefits that LM practices can bring if
adopted appropriately.

Relationships between OP and BP
The consensus regarding the effect of OP on BP is indisputable. The positive relationship
among OP measures provided the evidence that all measures are interdependent. In other
words, one measure influences some other measures. To aggregate the five OP measures,
PCA has generated the first principal component equation of OP. The weights are
closely resembled, so that all the OP measures are equally represented in the linear
composite of OP. Equally important, the first principal component explained almost
50 percent of the total variance in OP measures. The results of simple regression analysis
between the first principal component of OP and each of the BP measures supported
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the previous opinions suggested by Bartezzaghi and Turco (1989), Chang and Lee (1995),
Durden et al. (1999), Fullerton and Wempe (2009), Said et al. (2003) and Van der Stede et al.
(2006) that OP can drive broader BP measures; the better the OP, the better the BP.

Mediation role of OP
The last analysis provided evidence supporting the role of OP in mediating the
relationship between LM practices and BP. The collective LM practices can directly
improve OP and BP. Furthermore, LM practices can also improve BP indirectly with OP
as a mediator variable. The mediation test suggested a significant percentage of
variance (48 percent) of OP, which can be explained by LM practices. Furthermore, both
LM practices and OP explain a significant percentage of variance (47 percent) of BP.
According to Dale et al. (2000), in social science, percentage of variance explained by
statistical models rarely exceeds 50 percent. Thus, this result is considered acceptable
and can be used as consideration in decision making (Miles and Shevlin, 2001).

Fullerton and Wempe (2009) previously investigated the impact of LM practices on
non-financial and financial performance. The study led to the conclusion that LM
practices affect profitability directly and indirectly. To some extent, Fullerton and
Wempe (2009) provided evidence supporting the finding of this current study;
operations (non-financial) performance mediates the relationship between LM practices
and BP, including profitability. Furthermore, LM practices enhance sales performance
by increasing quality, reducing delivery time, and improving productivity (Yang et al.,
2011). Moreover, LM practices will improve customer satisfaction by increasing
product and service quality, reducing delivery time, and increasing responsiveness
(Chong et al., 2001; Shah and Ward, 2003).

Implication of the study
The relationships posited in this study were empirically and theoretically supported.
Specifically, this study has confirmed the linkage between LM practices, OP, and BP.
The study adds to the knowledge and theories on how LM can affect organizational
performance, not only at the operations level but also at the business level. This study
provides the notion of integral and holistic practices of LM and a comprehensive approach
for performance measurement. Furthermore, this study gives evidence to the importance
of OP as a mediator variable in the LM-BP relationship. Moreover, by demonstrating
the existence of direct and indirect effects of LM practices on BP; this study provides
clear evidence that LM implementation is important to enhance companies’ performance.

From the practical perspective, this study allows practitioners to gain deeper
knowledge and understanding regarding the LM-performance relationships.
In implementing LM, the practices should be holistically implemented because all the
practices are interdependent and equally important. It is confirmed through this study;
when LM practices are implemented integrally, higher performance can be achieved.
In terms of performance measurement, the success of LM implementation to improve
performance should be assessed not only at the business level but also at the operations
level. The most important thing here is operations level rather than the business level
because LM is commonly implemented in the shop-floor and directly influence operating
conditions. BP may be regarded as the higher level with OP as a mediator.

The findings of the study imply that in order to survive world-wide competition,
a company should be encouraged to implement LM because empirical evidence
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provides a strong support of their ability to enhance performance. The message for
practitioners is that LM contributions toward OP and BP are tremendous. Hence, those
companies implementing LM practices will benefit in the long term. In line with this
argument, Rahman et al. (2010) postulated that LM practices are applicable not only for
large companies but also SMEs. Shah and Ward (2003) highlighted; although LM
practices are more commonly implemented in the discrete part industries, they are
fairly frequently implemented in the process industries as well. In such a way, LM is
prevalent in all types of industries.

It is hoped that this study will be a stepping stone for researchers in coping with the
very limited empirical studies conducted in the developing countries like Indonesia.
Lastly, the study can equip manufacturers throughout the world, not only in the
developing countries but also in developed countries, with significant and necessary
advantage to compete with both locally and globally.

Limitations and further research
This study is not without limitations. As in all survey-based research, an assumption in
data collection was that the respondents had sufficient knowledge to answer the
questionnaire, and that, respondents answered the items conscientiously and truthfully.
The data used in this study represent self-reporting by mainly the middle or top
management in production. To address the issue of common method variance (CMV),
several items in the questionnaire were reverse worded questions (Podsakoff et al., 2003),
which were reverse scored, a value of 1 indicates “strongly agree” and a value of
5 indicates “strongly disagree”. Thus, item-to-item priming effects leading to bias can be
reduced. Statistically, following Podsakoff et al. (2003), Harman’s single-factor test was
applied by loading all the measures into an exploratory factor analysis to ensure that
CMV may not have been introduced due to a single informant in collecting data.
The results indicated that a single factor did not emerge from the factor analysis. Other
than that, the correlation matrix showed that correlation coefficients among the
measures were less than 0.74, while CMV is commonly presented due to the extremely
high correlation (Bagozzi et al., 1991). Hence, a substantial amount of CMV did not
present in this study. Although the CMV is not a serious problem in this study, future
studies can consider collecting multiple sources of data to ensure the more accurate
results. It is hoped that this study would encourage or at least stimulate interest for
forthcoming research in similar areas as more research in this subject is necessary.
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Appendix 1. Measurement items of LM practices
Flexible resources

FR1 Many problems have been solved through small-group sessions.

FR2 One operator handles several different tasks in a workstation.

FR3 Our employees undergo training to perform multiple tasks in the production processb.

FR4 Our plant operates the machines that can perform a number of operations.

FR5 When a machine is stopped, our workers are idlea.

FR6 When one machine is stopped, we can use a different type of machine to perform the
same tasks.

Cellular layouts

CL1 We group dissimilar machines into work centers (called cells) based on product
families (product families can be determined based on shapes/design similarity,
processing requirement similarity, or routing requirement similarity)b.

CL2 Our processes are located close together, so that material handling and part storage are
minimized.
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CL3 The design of the cells/workstations is easily changed depending on the product being
manufacturedb.

CL4 We have laid out the shop-floor so that processes and machines are in close proximity
to each other.

CL5 The cells/work centers/machines are arranged in relation to each other so that material
movement, material handling, and transit times are minimized.

CL6 Our processes physically move closer together and transportation between stations
runs simply.

Pull system

PS1 We use a production system in which items are produced only when called for by the
users of those items.

PS2 Production is performed based on the shipment of goods from previous workstationa, b.

PS3 We use a production system in which items are produced only in necessary quantities,
no more and no less.

PS4 We use kanban to authorize the production or withdrawal the goods.

PS5 To authorize the order, we use a supplier kanban that rotates between factory and
suppliers.

PS6 Production at a workstation is performed based on the current demand of the
subsequent workstation.

Small lot production

SLP1 We emphasize producing large quantity of items togethera.

SLP2 We are aggressively working to lower lot sizes in our plant.

SLP3 We emphasize small lot sizes to increase manufacturing flexibility.

SLP4 We reduce the average level of inventory by producing in more frequent but smaller
lot size.

SLP5 We operate large lot sizes in our plant as an effort to maximize machine utilization.

SLP6 We tend to have large lot-sizes in our master schedulea.

Quick setups

QS1 Our shop-floor employees perform their own setups to reduce the time required.

QS2 Our plant emphasizes the importance of good housekeeping, with tools in their normal
storage locationb.

QS3 We are aggressively working to lower machine setup times in our plantb.

QS4 We have converted most of our machine setups to external setups that can be
performed while the machine is running.

QS5 We have low machine setup times in our plant.
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Uniform production level

UPL1 We make every model of product every day to anticipate customer demand
variability.

UPL2 Daily production is arranged in the same ratio as monthly demandb.

UPL3 We usually meet the production schedule each day.

UPL4 We emphasize to equate workloads in each production processb.

UPL5 In our master schedule, we produce more than one product model from the
hour-to-the hour and day-to-day basis.

UPL6 Our company always maintains some quantity of a product to respond to the
variation in customer demand.

Quality at the source

QAS1 Statistical process control is used to identify and prevent quality problems by
correcting the process before it starts producing defects.

QAS2 We implement the visual control system as a procedure or mechanism that makes
the problems visible.

QAS3 Our shop-floor employees are authorized to stop production for quality problemsb.

QAS4 Statistical techniques are used to identify and reduce process variances.

QAS5 Charts showing quality problems are used on the shop-floor.

QAS6 When quality problems are detected, they can be traced to their source and remedied
without reworking too many units.

Total productive maintenance

TPM1 Our equipment is in a high state of readiness for production at all times.

TPM2 Records of routine maintenance are keptb.

TPM3 We scrupulously clean equipment, tools, workspaces, and machines to make
unusual occurrences more noticeable.

TPM4 We dedicate a periodic inspection and maintenance system to keep machines in
operation.

TPM5 We dedicate a system of daily maintenance, periodic inspection, and preventive
repairs designed to reduce the probability of machine breakdown.

Supplier networks

SN1 We regularly solve problems jointly with our suppliers.

SN2 We emphasize to work together with suppliers in a close relationship for mutual
benefits.

SN3 Our suppliers deliver materials/products to us just as it is needed (on a just-in-time
basis).
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SN4 Our suppliers maintain a warehouse near to our plant.

SN5 Engineering and quality management assistance are commonly provided to the
suppliers.

SN6 We can depend upon on-time delivery from our suppliers.

SN7 We have long-term agreements with our suppliers.

SN8 We strive to establish long-term relationships with suppliers.

Note: areverse worded items; bitems were deleted because of low factor loadings obtained from
factor analysis.

Appendix 2. Measurement items of OP (during the past three years)
Quality

QUAL1 Products that do not meet the quality specifications have reduceda.

QUAL2 We have superior quality of products compared to our competitors’.

QUAL3 Activities in fixing defective products to conform to the quality specifications
(reworks) have reduced.

QUAL4 Poor quality products that must be discarded (scraps) have reduceda.

QUAL5 The percentage of product that passes final inspection the first time (first-pass
quality yield) has increased.

QUAL6 We have superior quality of service compared to our competitors’.

Inventory minimization

INV1 Inventory turnover has increaseda.

INV2 The finished goods inventory level has reduced.

INV3 The raw material inventory level has reduced.

INV4 The work in process inventory level has reduced.

Delivery

DEL1 Our ability to deliver products to the market quickly has increased.

DEL2 Our ability to deliver products to the customer as promised has increased.

DEL3 We are capable of delivering products to the market faster than our competitors.

Productivity

PROD1 Labor productivity has increased.

PROD2 Machine productivity has increased.

PROD3 Our labor productivity is higher than our competitors.

PROD4 Our machine productivity is higher than our competitors.
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Cost reduction

COST1 Unit manufacturing cost has reduced.

COST2 Our unit manufacturing cost is lower than our competitorsa.

COST3 Internal failure costs (i.e., defect, scrap, rework, process failure, price reduction, and
downtime) have reduced.

COST4 External failure costs (i.e., complaints, returns, warranty claims, liability, and lost
sales) have reduced.

Note: aItems were deleted because of low factor loadings obtained from factor analysis.

Appendix 3. Measurement items of BP (during the past three years)
Profitability

PROF1 Profit margin has increased.

PROF2 Our return on investment reflects sound investments.

PROF3 Our profitability has exceeded our competitors.

PROF4 Our revenue growth rate has exceeded our competitors.

Sales

SALE1 Market share has increased.

SALE2 Our sales (in dollars) growth has been outstanding.

SALE3 Our market share growth has exceeded our competitors.

Customer satisfaction

CUST1 Customers are satisfied with the overall quality of our products.

CUST2 Customers are satisfied with our company’s delivery lead time.

CUST3 Customers are satisfied with our company’s response to sales enquiries.

CUST4 Customers are satisfied with our products’ competitive prices.
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