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Abstract
Purpose – It is difficult for anyone to implement all the lean tools simultaneously. One of the core
issues is identifying critical criteria for the successful implementation of lean manufacturing (LM) and
evaluating them. The purpose of this paper is to analyze the causal relationships of LM criteria in a
machine tool manufacturing firm located in national capital region of India using the Decision-Making
Trial and Evaluation Laboratory (DEMATEL) method.
Design/methodology/approach – The research paper presents a blend of theoretical framework
and practical applications. Based on literature review, 17 LM criteria were extracted that were
validated by experts. A questionnaire was developed that was answered by experts serving in the XYZ
machine tool manufacturing firm. Then, the DEMATEL method was applied to analyze the importance
of criteria and the casual relations among the criteria were developed.
Findings – Using DEMATEL, the lean criteria were divided into cause group and effect group. In
this study, information technology, computer-integrated manufacturing, enterprise resource
planning, training, fixed position layout, smart processes and automation and concurrent
engineering were classified in the cause group. Just in time, value stream mapping, 5-S, single minute
exchange of die, visual control, job scheduling, standardized work, cellular manufacturing, poka-
yoke, and total quality management were categorized in the effect group. The DEMATEL
framework indicates that “training” is the most influencing factor for the lean implementation
process in machine tool sector.
Originality/value – To know the key lean criteria and relationship among them can help many
organizations to develop lean competencies. If the authors want to obtain high performance in terms
of the effect group factors, it would be necessary to control and pay a great deal of attention to the
cause group factors beforehand. This study is perhaps among the first few with focus on segmenting
the set of lean criteria into some meaningful portions in order to effectively facilitate its
implementation. The paper provides useful insights to the lean production implementers,
consultants, and researchers.
Keywords India, DEMATEL, Lean production, Lean manufacturing, Production management,
Machine tool firms
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1. Introduction
Today’s acute business competition compels firms to rapidly innovate and improve
resulting in a continuous search for techniques that can reduce cost, and improve
quality, productivity and operational performance. Lean manufacturing (LM) has been
the buzzword in the area of manufacturing for past few years (Singh et al., 2010). Under
the lean lens, all non-value adding activities are regarded as some form of waste that
divert resources from the value adding activities. According to the lean enterprise
institute, founded by James P. Womack in 1997, lean means creating more value for
customers with fewer resources. Lean production is a hybrid of both mass and craft
production systems (Genaidy and Karwowski, 2003). It aims for waste removal both
inside and between companies (Hines and Taylor, 2000). A LM philosophy requires
respect for people, continuous improvement, a long-term view, a level of patience, a
focus on process, and ability to understand where the individual is in his or her
development (Ahmad and Azuan, 2013). The goal of lean manufacturing system (LMS)
is doing more with less of time, space, human effort while giving the customer what
they want in a highly economical manner (Paranitharan et al., 2011).

Several benefits have been associated with LM implementation. Sánchez and Pérez
(2001) indicate that lean production program in a shop, factory or company has the
potential to increase productivity, reduce lead time and costs, and improve quality.
After comparison of the current and future state of shop floor of the selected industry,
Singh et al. (2010) found that reduction in lead time was 83.14 percent, reduction in
processing time was 12.62 percent, reduction in work-in-process (WIP) inventory was
89.47 percent, and reduction in manpower requirement was 30 percent. The rise in
productivity per operator was 42.86 percent. Dunstan et al. (2006) examined the
application of LM in a mining environment. They described the implementation of
certain LM elements that are applicable in such organizations and noted that health
and safety-related incidents were reduced from 154 to 67; absenteeism was reduced
by 3.4-1.8 percent, while about $2 million (Australian) were saved during the year
2006. Singh and Sharma (2009) showed that value stream mapping (VSM) is a
versatile tool for lean implementation by means of a case study of an Indian
manufacturing industry and witnessed 92.58 percent reduction in lead time, 2.17
percent reduction in processing time, 97.1 percent reduction in WIP and 26.08 percent
reduction in manpower requirement.

While in recent years, many organizations both in India and abroad are
implementing the principles and concepts of LM (Womack and Jones, 2003; Pavnaskar
et al., 2003; Shah and Ward, 2007) with the intention of achieving superior competitive
advantage, few have managed to attain their objectives (Gurumurthy and Kodali,
2011). For instance, Kallange (2006) studied lean implementation failures and found
that lean implementation failure rate is over 50 percent. Bamber and Dale (2000) found
that there are two main stumbling blocks to the LM application in traditional aerospace
manufacturing: the redundancy program and a lack of employee education in the
concept and principles of lean production. Braglia et al. (2006) points out in his article
that VSM, a commonly used lean implementation technique is basically a paper-and-
pencil-based technique, so, the accuracy level is limited. The researchers further
conclude that the number of versions that can be handled is low; in real situations,
many companies are of a “high variety-low volume type,” this requires many value
streams and cannot be addressed by simple VSM. Balle (2005) in his report “Lean
attitude” mentions that many failures in the attempts to implement lean occur due to
fundamental misunderstanding of how to acquire lean. Raveendra (n.d.) in his case
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study “Failure factors in lean implementation” reports that a company based in Sri
Lanka, having more than 7,000 employees hired consultants in an attempt to
implement lean concept with the aim to improve efficiency but failed to gain any
significant advantage. The study of failed cases of implementing lean highlights the
need to develop new frameworks that facilitate successful implementation of the
concept. A common dilemma faced during lean implementation is the identification of
decisive criteria of lean production and evaluating them. The goal of this research is to
analyze the causal relationships of lean production criteria in a machine tool
manufacturing firm located in national capital region of India.

Toward this goal, Decision-Making Trial and Evaluation Laboratory (DEMATEL)
approach is employed since it is a powerful technique in causal analysis that enables
the researchers to separate the involving criteria of a system into the cause and effect
groups (Lin and Wu, 2008). This technique allows the decision makers to acknowledge
the criteria of greater influence. DEMATEL has been successfully applied to many
research fields with the purpose to render sophisticated problems and transform
complex systems into structurally causal and effect relationships (Lin et al., 2011).
Therefore, in this research, we use DEMATEL for analyzing the lean implementation
criteria in machine tool firms.

There are many criteria suggested by researchers and practitioners for lean
implementation but how should these criteria be implemented is still not very clear
(Kajdan, 2008). This impending question needs to be addressed. The criteria for lean
implementation not only affect the key performance indicators of the business but
they also influence one another making it imperative to understand the mutual
relationships among these lean criteria. The identification of the lean criteria that are
at the root of some other criteria and those which are most influenced by the others
would be helpful for the top management in implementing the lean programs. This
can work as a guide for taking appropriate action in implementing lean programs
(Sharma et al., 2015).

The remainder of this paper is organized as follows. Section 2 provides a literature
review of LMSs and the key criteria for lean implementation. The DEMATEL
methodology and model development are covered in Section 3. The last section deals
with results and discussions. Acronyms used with their meanings is given in Glossary,
while the steps involved in DEMATEL methodology are given in Appendix.

2. Literature review
Manufacturing leanness is a strategy to incur less input to better achieve the
organization’s goals through producing better output (Bayou and De Korvin, 2008).
Many case studies exist that deal with the LM implementation in a wide variety of
industrial sectors other than manufacturing. For instance, Petersen (2012) developed
lean indicators to detect waste in software maintenance. Dave (2013) developed a
construction management system based on lean construction and building
information modeling. Though lean initiatives are undertaken in other sectors, the
number of LM implementations in the manufacturing sector is much higher as
compared to other sectors. Hence, this review focusses only on LM implementations
in manufacturing sector. Table I provides a list of case studies describing the LM
implementation in manufacturing sector. A cursory review of these papers will reveal
that LMS have been established in different manufacturing systems such as
aerospace ( job shop type), machine tools (batch production type), automobile (mass
production type) and process industry.
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Industry type Researchers Conclusion

Aerospace Oppenheim et al. (2011) Answers to the fundamental questions of how the
competitiveness of the aerospace and other industrial
sectors can be strengthened using lean enablers

McManus et al. (2007) Lean engineering framework for aeronautical
Crute et al. (2003) Understanding the challenges to implementing lean in

aerospace
Michaels (1999) Study a lean aerospace supply chain
Slack (1998) Study the application of lean principles to the military

aerospace product development process
Haque and Moore (2004) Measuring performance for lean product introduction in the

aerospace industry
James-Moore and
Gibbons (1997)

Study extent of lean implementation in civil aerospace
companies

Mathaisel (2005) Present a lean architecture for transforming the aerospace
maintenance, repair and overhaul enterprise

Hallam and Keating
(2014)

A self-assessment of lean enterprise maturity

Winter et al. (2013) The application of a lean philosophy during manufacture of
advanced airframe structures in a new product introduction
(NPI) environment

Martínez-Jurado and
Moyano-Fuentes (2014)

Key determinants of lean production adoption

Wang et al. (2012) Implementation of lean model for carrying out value stream
mapping in the aerospace engine case production

Automobile Liang and Wang (2013) Study the development strategy of lean logistics for
automobile enterprises

Imam and Sudipto Sarkar
(2012)

Lean Sigma a road to success: a perspective of the Indian
automobile industry. Global Journal of Researches in
Engineering, Vol. 12 No. 1-A

Hasle (2014) Evaluation the possibilities for an employee supportive lean
practices

Mohanty et al. (2007) Describe some learning from the literature and actual lean
practices in USA, UK, and India

Herron and Hicks (2008) Study the transfer of selected LM techniques from
Japanese automotive manufacturing into general
manufacturing (UK)

Bayou and
De Korvin (2008)

Measure the leanness of manufacturing systems at Ford
Motor Company and General Motors

Vinodh et al. (2011) Study the implementation of lean sigma framework in an
Indian automotive valves manufacturing organization

Belokar et al. (2012) Study application of value stream mapping in automobile
industry using a case study

Electronics Doolen and Hacker (2005) Assess the implementation of lean practices within an
organization using a survey

Wong and Wong (2011) Study the approaches and practices of LM in electrical and
electronics companies

Jeyaraman and Teo
(2010)

Present a conceptual framework for critical success factors
of lean six sigma

Process
industry

Melton (2005) Analyze benefits of LM to the process industries

Machine tools Eswaramoorthi
et al. (2011)

Present results of a survey on lean practices in Indian
machine tool industries

Table I.
Summary of

industries in which
LM practices have

been studied
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LM was initiated within the automotive sector. However, since the publication of the
influential book, The Machine That Changed the World, there has been a range of
documented cases of lean implementation in a variety of sectors. Oppenheim et al.
(2011) extol that lean thinking has been successfully applied in various work fields such
as general manufacturing, aerospace, healthcare, and service industries. Electronic
manufacturers too have implemented a broad range of lean practices (Doolen and
Hacker, 2005). There is an emerging field of lean systems engineering, that is, the
application of lean principles, practices, and tools to the related aspects of enterprise
management in order to enhance the delivery of value. In India, the automobile industry
has been in the forefront of lean adoption as compared to machine tool industry. This is
largely due to the fact that automobile industries have shown professional approach
may be due to a large number of foreign collaborations and having witnessed a major
quality revolution. On the other hand, the machine tool industry in India is still to
mature primarily due to lax government policies, shortage of funds and inadequate
research and development.

Some researchers suggest that, the VSM can serve as a good starting point for any
enterprise that wants to be lean (Belokar et al., 2012). People in the organization should
possess the lean mindset and act in the lean way in order to make a lean initiative
successful (Wong and Wong, 2011). Lean has been praised for empowering employees,
and it has been criticized for intensifying work and impairing the health and well-being
of employees (Hasle, 2014). Migrating lean to engineering processes such as product
development is ongoing in the industry as the cost and value of products is determined
primarily in the product development stage (McManus et al., 2007). Efforts have also
been directed by certain original equipment manufacturers in automobile and
aerospace industry to implement lean throughout the supply chains.

Study by Hallam and Keating (2014) in US and UK industry investigates the use of lean
enterprise self-assessment utilizing the Lean Enterprise Self-Assessment Tool (LESAT)
developed by Massachusetts Institute of Technology and University of Warwick, as a
means for measuring their current state of leanness in leadership/transformation
processes, life-cycle processes, and enabling infrastructure. The study reveals that a clear
opportunity related to lean enterprise transformation exists in raising the maturity of
these enterprises in understanding their current value streams and defining their future
value streams. The leanness measure should utilize the fuzzy-logic methodology since lean
is a matter of degree (Bayou and De Korvin, 2008). There are series of factors that can
affect the success of lean adoption decision, such as a deep-rooted culture of total quality,
the role of top management, a lean organizational structure, the lean leader role and
institutional support (Martínez-Jurado and Moyano-Fuentes, 2014).

Few researchers have analyzed lean implementation in SMEs (Von Axelson, 2009;
Achanga et al., 2006; Kumar et al., 2006; Panizzolo et al., 2012; Sharma et al., 2011).
A research by April et al. (2010) brings out that SMEs find it difficult to implement
productivity improvement tools, particularly those associated with LM. Also, SMEs
suffer from scarcity of resources as compared to the larger companies that have more
success due to greater access to resources. Still, SMEs can deploy soft technologies
such as lean and six sigma for achieving dramatic results in cost, quality and time by
focussing on process performance (Kumar et al., 2006). Leadership, management,
finance organizational culture and skills and expertise, among other factors; are
classified as the most pertinent issues critical for the successful adoption of LM within
SMEs environment (Achanga et al., 2006). Forza (1996) explores the differences between
the traditional and the lean production plants and concludes that lean production

1838

BIJ
23,7

D
ow

nl
oa

de
d 

by
 T

A
SH

K
E

N
T

 U
N

IV
E

R
SI

T
Y

 O
F 

IN
FO

R
M

A
T

IO
N

 T
E

C
H

N
O

L
O

G
IE

S 
A

t 0
0:

35
 1

4 
N

ov
em

be
r 

20
16

 (
PT

)



plants use more teams for problem solving, take employees’ suggestions more
seriously, rely more heavily on quality feedback both from workers and supervisors,
document production procedures more carefully and have employees able to perform a
greater variety of tasks including statistical process control. In Indian SMEs,
applications of advanced manufacturing strategies have been far fewer (Sharma et al.,
2011). To provide with a way to implement lean effectively, this research proposes a
DEMATEL-based methodology for SMEs.

A literature review followed by a brainstorming session was carried out with
experts from XYZ machine tools firm to finalize the 17 criteria for lean production
implementation as given in Table II:

(1) Pull system or just in time ( JIT): according to a research by Phan and Matsui
(2010) high-performance plants highly focus on JIT that is a system where the
production or movement of inventory items is initiated as required by the using
department or the customer. JIT is applied to that portion of the supply chain
where demand uncertainty is high. The basic feature is that production and
distribution are demand driven, zero inventory or minimum inventory is
maintained and, response is made to specific orders. Inventory management
strategies such as JIT can be aided by using RFID as an electronic kanban,
triggering the pull-based use of material (Brintrup et al., 2010).

S. no. Lean manufacturing practice Type of waste removed Authors

1 Pull system (JIT) Over production,
unnecessary inventory

Brintrup et al (2010), Phan and
Matsui (2010)

2 Value stream mapping Over production,
unnecessary inventory

Bhamu et al. (2012), Mohanraj
et al. (2011), Kuhlang et al. (2013)

3 Information technology Over production,
transportation,
unnecessary motion

Cottyn et al. (2011)

4 5-S Delay Devadasan et al. (2012)
5 Single minute exchange of die Delay McIntosh et al. (2000), Carrizo and

Campos (2011), Shingo (1985)
6 Visual control Delay Parry and Turner (2006)
7 Computer-integrated

manufacturing
Delay, transportation Groover (2011), Scheer (2012)

8 Enterprise resource planning Underutilization of people Mandal and El-Houbi (2009),
Leon (2008)

9 Job scheduling Underutilization of people Devadasan et al. (2012)
10 Standardized work Underutilization of people

and undue motion
Devadasan et al. (2012)

11 Training Underutilization of facilities Devadasan et al. (2012)
12 Fixed position layout Transportation Devadasan et al. (2012)
13 Cellular manufacturing Transportation Kalpakjian and Schmid (2009),

Dixit and Mishra (2008)
14 Poka-yoke Processing wastes,

defective parts
Shingo-Shingo

15 Smart processes and
automation

Processing wastes,
defective parts

Devadasan et al. (2012)

16 Total quality management Processing wastes,
defective parts

Karthi et al. (2011), Michael et al.
(2010), Lee and Chang (2010)

17 Concurrent engineering Delay Pullan et al. (2011)

Table II.
LM criteria and
types of waste

removed
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(2) VSM: a value stream comprises of all the actions, both value added and non-value
added, currently required to complete a product or service from beginning to end.
Thus, VSM visually represents what is going on in the supply chain. Improving
processes is a common challenge for most enterprises (Kuhlang et al., 2013). VSM
helps to see and understand, document, analyze and improve the flow of material
and information and improve quality as a product or service makes its way
through the value stream (Mohanraj et al., 2011; Bhamu et al., 2012).

(3) Information technology (IT): IT deals with the use of computers and
telecommunications for storing retrieving or transmitting information in
business management. Cottyn et al. (2011) claim that IT and lean are
interdependent and complementary. Using IT, the task of managing inventory
has become easier. IT can also be utilized for eliminating unnecessary motions.

(4) 5-S: the 5-S program is a key component of a visual workplace, Kaizen (a system
of continual improvement) and in-turn the LM. The 5-S program focusses to
systematically achieve total organization, visual order, cleanliness and
standardization. A well-organized workplace results in a safer, more efficient,
and more productive operation. LM advocates adoption of 5-S for eliminating
delays by maintaining good housekeeping facility as it helps in choosing the
right tool without delay (Devadasan et al., 2012).

(5) Single minute exchange of die (SMED): SMED refers to theory and techniques
for performing setup operations in under ten minutes, that is, in a number of
minutes expressed in a single digit (Shingo, 1985). It enables an organization to
quickly convert a machine or process to produce a different product type. Set up
time can become a big problem in manufacturing when a cutting tool, jig-fixture
or a press needs to be set up for the production of another part. By applying the
SMED method the set up times were reduced to a few minutes or even seconds
in many cases thus improving productivity (Carrizo and Campos, 2011). It also
avoids delay in loading work-piece on the machine or any other facilities. For
instance, using SMED principles, the task of setting up jobs are carried out
away from the machine or the facility. Thus, job can be loaded without any
delay for carrying out machining operation (Devadasan et al., 2012). McIntosh
et al. (2000) emphasized on need to have certain design changes to the existing
manufacturing system along with SMED implementation.

(6) Visual control: according to Parry and Turner (2006), visual control forms an
important part of the communication process which drives lean factories. This
is a technique employed in many places and contexts whereby control of an
activity or process needs to be made easier or more effective by deliberate use of
visual signals. For instance, progress indicators and problem indicators help
assemblers see when production is ahead, behind or on schedule. They allow
everyone to instantly see the group’s performance.

(7) Computer-integrated manufacturing (CIM): CIM denotes the pervasive use of
computer systems to design the products, plan the production, control the
operations, and perform various information processing functions needed in a
manufacturing firm (Groover, 2011). This integration allows individual processes
to exchange information with each other and initiate actions. Computer systems
communicate over a network. Typically, CIM systems linkmanagement functions
with engineering, manufacturing, and support operations. It combines separate
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applications, such as computer aided design, computer aided engineering,
computer aided manufacturing, robotics, and manufacturing resource planning.
Scheer (2012) considers that the essential objective of CIM is to streamline the
manufacturing processes and to integrate them with other business functions
(such as accounting, financing, distributing, marketing).

(8) Enterprise resource planning (ERP): ERP is an enterprise wide software
solution that integrates and automates business functions of an organization
such as finance/accounting, manufacturing, sales and service, customer and
relationship management (Leon, 2008). ERP system aims to facilitate the flow of
information between all business functions inside the boundaries of the
organization and manage the connections to outside stakeholders. An ERP
system has been the prime enforcer of best practices in many organizations
(Mandal and El-Houbi, 2009).

(9) Job scheduling: job scheduling is used to avoid underutilization of people. If the
jobs are scheduled, there is no ambiguity in carrying out activities at the
workplace (Devadasan et al., 2012).

(10) Standardized work: using standardized work technique, standardized work
sheet is prepared to indicate the route and schedule of the jobs. The employees
referring to standardized worksheets become knowledgeable in accomplishing
their jobs successfully. Thus, waste resulting from underutilization of people
can be reduced or eliminated (Devadasan et al., 2012).

(11) Training: an important task that can be used to minimize underutilization of
facility is to impart right training to the employees working on the facility. This is
especially essential in case a new and advanced facility is installed. Employees
should be further encouraged to make use of the skills and knowledge acquired
during the training program while using the facility (Devadasan et al., 2012).

(12) Fixed position layout: ideally, to manufacture a product, all the processes should
be carried out at one location. For instance, if an aircraft has to be built, all the
processes should be carried out at one location, components should be
assembled at one location, and finally the complete assembly should be tested at
the same location. This kind of processing and development of product at one
location can be achieved in fixed position layout and it significantly reduces the
transportation cost (Devadasan et al., 2012).

(13) Cellular manufacturing (CM): CM is a method of producing similar products
using cells, or groups of team members, workstations, or equipment, to facilitate
operations by eliminating setup and unneeded costs between operations. Cells
might be designed for a specific process, part, or a complete product (Dixit and
Mishra, 2008). A cell is a group of workstations, machine tools, or equipment
arranged to create a smooth flow so families of parts can be processed
progressively from one workstation to another without waiting for a batch to be
completed or requiring additional handling between operations (Arora et al.,
2013). Automated inspection and testing equipment can also be a part of such a
cell. Central to these activities is a material handling system for transferring
materials and parts among workstations (Kalpakjian and Schmid, 2009).

(14) Poka-yoke: poka-yoke is the Japanese term for mistake proofing proposed by
Shingo-Shingo. A poka-yoke device is any mechanism that either prevents a
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mistake from being made or makes the mistake obvious at a glance. The ability
to find mistakes at a glance is essential because the causes of defects lie in
worker errors, and defects are the results of neglecting those errors (Sharma
et al., 2015). Mistakes will not turn into defects if man made errors are
discovered and eliminated beforehand.

(15) Smart process and automation: smart processes involving least stages and
minimum time needed to avoid processing waste. IT can also be exploited so
that electronic information can be quickly transmitted and the process is
automated (Devadasan et al., 2012).

(16) Total quality management (TQM): TQM is a comprehensive and structured
approach to organizational management that seeks to improve the quality of
products and services through ongoing refinements in response to continuous
feedback. TQM is based on quality management from the customer’s point of
view (Sahay et al., 2011). Researchers have tried to integrate LM and six sigma
concept under the title “lean six sigma” (Karthi et al. 2011; Michael et al., 2010).
The six sigma systems can promote the enterprise competitive ability, such as
pursuing cost improvement, promoting quality, the customer’s satisfaction and
valid strategy performance (Lee and Chang, 2010).

(17) Concurrent engineering (CE): CE is a product and process design methodology
that includes simultaneous participation by engineering, operations, accounting,
planning, customers, vendors and other functions, so that the input of all
concerned parties are heard from during a project’s conception, design and
planning (Sharma et al., 2008). Suggestion of various parties should be
incorporated in design stage itself in order to prevent problems at later stages.
Lean and concurrent engineering are widely acknowledged business process
improvement strategies (Pullan et al., 2011). These strategies can improve
processes, reduce costs, and cut waste enabling organizations to remain
competitive. Many companies still face enormous challenges when implementing
and managing CE practices. This is due to the increased complexity of
engineering products and processes, on one hand, and the lack of corresponding
CE models and tools, on the other hand (Yassine and Braha, 2003).

3. Empirical case study
As discussed earlier, the criteria for lean implementation not only affect the key
performance indicators of the business but they also influence one another. The
empirical case study was undertaken with an objective to identify the cause group and
the effect group among the lean criteria for a CNC machine tools manufacturing firm.

About the case firm XYZ
The case company, XYZ is a prominent Indian CNC machine tools manufacturing firm
with more than 850 crores turnover and over 400 employees employs including
workers, supervisors, engineers and top management. The company is one of the
world’s leading manufacturers CNC cylindrical grinding machines, turning machines,
horizontal and vertical machining centers and the special purpose machines. Due to the
worldwide challenge posed by the trend toward shorter product cycles and demanding
customers, company XYZ requires performing with shorter lead time, higher quality,
competitive prices, and improved customer service in a global context.
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Though a number of theoretical and empirical studies address the impact of
performance improvement methodologies in India industry, literature investigating the
lean criteria for machine tool industry is limited. Formal models for analyzing criteria
for implementing lean in Indian machine tool industry are virtually non-existent. Under
the pressure of the fierce global competition, company XYZ wished to implement lean
production practices by using the 17 lean criteria. However, those 17 lean criteria are
difficult to execute at the same time, but are better suited to promote in a stepwise
manner. Also, company XYZ encountered the problems concerning how to segment
those 17 lean criteria into meaningful portions and how to utilize judgments of experts.
For effective implementation of lean concept, organizations need to determine how they
should enforce the criteria. The relationships among these criteria are also important
for basic understanding of how to use the criteria. In order to acquire sensible
subdivisions among lean criteria, company XYZ adopted our proposal and set up an
expert committee comprising of the general manager, works manager, and engineers.
The following section shows how company XYZ utilized our proposed DEMATEL
method to evaluate and segment the 17 lean criteria for successful lean implementation.

Extensive review of extant literature was conducted to identify the criteria for lean
implementation in manufacturing sector. A brainstorming session was carried out with
five experts from machine tool sector to finalize the criteria for lean production
implementation suitable for Indian manufacturing scenario. The experts have at least
eight years experience and work in management positions in well-known Indian ISO
certified machine tool manufacturing firms. They were informed about the objectives of
the research. In the brainstorming session, managers were provided a comprehensive
list of lean criteria out of which they were asked to select the most relevant criteria for
Indian machine tools industry. After obtaining the 17 criteria for lean implementation
from brainstorming session, a questionnaire was designed. A group of qualified
experts reviewed and tested the designed questionnaire to assure the content validity
of questionnaire. The group of qualified experts consisted of two professionals from
academic institutions and one from industrial sector. After interviewing, the
questionnaire was revised based on the experts’ opinions. Now, the five experts from
the case machine tool firm XYZ were asked to complete the questionnaire. After
obtaining the completed questionnaires from the experts, DEMATEL analytical
technique was used to determine the nature of contextual relationship. The 17 lean
criteria for manufacturing sector and the results of DEMATEL analyses are given in
the following sections.

DEMATEL methodology and its application at XYZ firm
Facing global competition, companies need to adopt LM strategies in order to maximize
profits. In this section, an empirical study shows how a CNC machine tool
manufacturing company applied our proposed DEMATEL method to segment the 17
LM criteria for promoting lean implementation successfully.

DEMATEL method was originally developed by the Science and Human Affairs
Program of the Battelle Memorial Institute of Geneva between 1972 and 1976 that was
intended to study and resolve the complicated and intertwined problem group (Tzeng
et al., 2007; Wu, 2008). The DEMATEL method was developed initially to study the
structural relations in a complex system (Liou et al. 2007; Wu, 2008). The mathematical
concepts evolved further and adapted in many academic fields, such as competence
evaluation, industrial strategy analysis, solution analysis, and selection, etc. Wu and
Lee (2007) combined DEMATEL and fuzzy theory to categorize the required
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competencies for better promoting the competency development of global managers.
Further researches have reaffirmed the benefits of using DEMATEL method. Tseng
(2009b) exploited this method in dealing with real estate agent service quality
expectation ranking with uncertainty. Tsai and Chou (2009) employed DEMATEL to
establish a selection model for evaluating the management systems for sustainable
development in small and medium enterprises. This method can improve
understanding of the specific problematique, the cluster of intertwined problems,
and contribute to identification of workable solutions by a hierarchical structure
(Hsu et al., 2007; Tsai and Chou, 2009; Li and Tzeng, 2009; Shieh et al., 2010). Unlike the
traditional techniques such as analytic hierarchy process with the assumption that
elements are independent (Wu and Tsai, 2011), this method, one of the structural
modeling techniques, can identify the interdependence among the elements of a system
through a causal diagram using digraphs to portray the basic concept of contextual
relationships and the strengths of influence among the elements (Wu and Lee, 2007;
Wu et al., 2010; Kim, 2006). The method has found application in several areas as
indicated in Table III.

The steps involved in DEMATEL methodology are illustrated in Appendix.
The committee of experts from XYZ machine tools manufacturing company

followed our proposed method with the following procedure. First, they defined the
decision goals for segmenting the lean criteria into groups in order to facilitate
successful lean implementation step by step. Next, the committee adopted the 17 lean
criteria as evaluation factors, including: pull system, VSM, IT, 5-S, SMED, visual
control, CIM, ERP, job scheduling, standardized work, training, fixed position layout,
CM, poka-yoke, smart processes and automation, TQM, and concurrent engineering.
Also, they decided to use a 1-5 scale (representing “‘no influence,’ ‘low influence,’
‘medium influence,’ and ‘high influence’ and very high influence,” respectively) for
making assessments. Once the relationships between those factors were measured by
the committee through the use of the scale, the data from each individual assessment
could be obtained. For example, the assessment data of the general manager of XYZ
firm are shown in Table IV. Then, using the average method to aggregate these
assessment data, the initial direct-relation matrix (Table V) was produced. In the next

Field Authors

Supply chain management Senvar et al. (2014), Lin (2013)
Knowledge management Wu (2008), Patil and Kant (2014)
E-learning programs Tzeng et al. (2007)
Human resource development Wu and Lee (2007)
Management systems Tsai and Chou (2009)
Service quality Tseng (2009b, c), Shieh et al. (2010)
Supplier selection Chang et al. (2011), Büyüközkan and Çifçi (2012), Hsu et al. (2013),

Lirajpour et al. (2012)
Emergency management Zhou et al. (2011)
Solid waste management Tseng (2009)
Animal farming and agriculture Kim (2006)
Green procurement Dou et al. (2014)
Facility layout planning Altuntas et al. (2014)
Customer’s satisfaction Khosravi et al. (2014)
Business process management Bai and Sarkis (2013)

Table III.
An account of
application of
DEMATEL by
various researchers
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step, based on the initial direct-relation matrix, the normalized direct-relation matrix
(Table VI) was obtained. Next, the total-relation matrix (Table VII) was acquired.
Finally, the causal diagram (Figure 1) could be acquired by mapping a data set of
(D+R, D−R).

Looking at this causal diagram, it is clear that evaluation factors were visually
divided into the cause group, including C3, C7, C8, C11, C12, C15, and C17 while the
effect group was composed of such factors as C1, C2, C4, C5, C6, C9, C10, C13, C14,
and C16.

From the matrix “T” the threshold value was found to be 0.29. Hence, values in
matrix “T” below 0.29 were discarded from further analysis.

The importance of lean criteria was determined by (c+r) values. Based on Table VIII,
pull system (C1) and TQM (C16) were the most important lean criteria with the largest
(c+r) value¼ 11.5, whereas job scheduling (P3) was the least important criterion with
the smallest (c+r) value¼ 8.09. With regard to (c+r) values, the prioritization of the
importance of 17 lean criteria was C1, C16WC2, C7WC11, C15WC4W
C8WC6WC3W . Considering the (c+r) values, among 17 lean criteria, JIT (C1) and
TQM (C16) are the high-priority criteria because they have the highest intensity of
relation (11.5) compared to other criteria.

In this empirical study, the case company planned to identify the critical lean criteria
before implementation. According to the evaluation results, we can derive several
implications about lean implementation as follows.

First, valuable cues can be obtained for making profound decisions from the causal
diagram (Figure 1). For example, if we want to obtain high performances in terms of the
effect group factors, it would be necessary to control and pay a great deal of attention to
the cause group factors beforehand. This is because the cause group factors imply the
meaning of the influencing factors, whereas the effect group factors denote the
meaning of the influenced factors (Fontela and Gabus, 1976). In other words, the cause
group factors are difficult to move, while the effect group factors are easily moved (Hori
and Shimizu, 1999).

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1 3 2 4 1 3 3 4 3 3 1 2 3 2 3 5 2
2 5 2 4 4 5 2 4 1 3 1 4 4 3 2 3 2
3 4 2 3 1 2 4 5 4 3 4 2 2 3 4 4 5
4 3 4 1 3 4 2 3 2 3 2 2 3 2 2 4 1
5 3 4 1 4 2 2 1 1 3 1 2 2 3 3 2 1
6 4 3 1 4 1 3 3 4 3 2 3 3 4 2 3 2
7 4 4 2 4 3 3 4 4 4 3 4 5 3 5 4 3
8 5 3 4 2 1 2 3 4 3 2 3 3 2 4 4 1
9 2 2 1 2 1 3 2 3 2 2 1 1 1 2 3 1
10 3 2 2 3 1 2 2 3 3 4 1 1 1 2 4 1
11 4 4 4 5 4 5 5 4 3 3 2 3 3 4 5 4
12 4 4 1 3 2 2 2 3 2 1 4 4 2 1 3 2
13 4 3 1 3 2 3 2 3 1 1 2 4 3 2 2 2
14 3 2 1 3 4 5 2 3 1 1 1 2 3 3 3 2
15 4 4 2 4 3 3 4 3 3 3 3 3 3 4 4 3
16 4 3 2 5 1 3 2 2 3 5 3 2 3 2 3 2
17 3 4 3 2 3 1 3 1 1 2 2 2 1 1 4 5

Table IV.
Assessment data of
the general manager
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“T” for lean criteria
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Based on (c−r) values, the 17 lean criteria were divided into two groups: cause group
and effect group.

(1) If the value of (c−r) was positive or net cause, such perspective was classified in
the cause group, and directly affected the others. The highest (c−r) factors also
had the greatest direct impact on the others. In this study, IT (C3), CIM (C7), ERP
(C8), training (C11), fixed position layout (C12), smart processes and automation
(C15) and concurrent engineering (C17) were classified in the cause group,
having the (c−r) values of 1.99, 1.68, 0.21, 2.53, 0.36, and 0.88, respectively. It also
indicated that C11 (training) was the most critical impact factor on the other
criteria. The training (C11) is the most influencing factor, but it is quite difficult
to move. Second, training attempt to increase employees’ competencies in order
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Figure 1.
Overall DEMETAL

prominence
casual graph

Criteria Sum (D) Sum (R) Prominence (D+R) Net effect (D−R) Group

C1 5.08 6.40 11.5 −1.31 Effect
C2 5.22 6.06 11.3 −0.83 Effect
C3 5.8 3.81 9.62 1.99 Cause
C4 4.75 5.94 10.7 −1.19 Effect
C5 4.09 4.48 8.57 −0.38 Effect
C6 5.08 5.44 10.5 −0.36 Effect
C7 6.49 4.82 11.3 1.68 Cause
C8 5.41 5.21 10.6 0.21 Cause
C9 3.37 4.72 8.09 −1.35 Effect
C10 3.98 5.21 9.2 −1.23 Effect
C11 6.79 4.25 11 2.53 Cause
C12 4.38 4.02 8.4 0.36 Cause
C13 4.39 5.00 9.39 −0.61 Effect
C14 4.38 4.48 8.85 −0.1 Effect
C15 5.83 5.2 11 0.63 Cause
C16 5.31 6.23 11.5 −0.92 Effect
C17 4.69 3.81 8.51 0.88 Cause

Table VIII.
Degree of total

influence of the lean
criteria for experts
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to make them work better with high performances (Wu and Lee, 2007). Training
provides required knowledge and skills to employees for improving
performance, at the same time focusses on ways to expand employees’
mental ability and brain power. This implies that the effect group can be
improved by providing right training.

(2) If the value of (c−r) was negative or net receive, such lean criteria were classified
in the effect group, and largely influenced by the others. For this study, JIT (C1),
VSM (C2), 5-S (C4), SMED (C5), visual control (C6), job scheduling (C9),
standardized work (C10), CM (C13), poka-yoke (C14), and TQM (C16) were
categorized in the effect group, with the (c−r) values of −1.31, −0.83, −1.19,
−0.38, −0.36, −1.35, −1.21, −0.61, −0.1, and −0.92, respectively. And job
scheduling (C9) was the most affected by the other factors C3, C7, C8, C11, C12,
C15, and C17.

4. Conclusions and implications
To help reduce lean implementation failure rate, lean implementation issues are
currently receiving significant practical and research attention. Firms need to pay
careful attention to select the right lean criteria and appropriate lean models. However,
a lean model often contains a list of numerous lean criteria. Initially we used the
literature to identify the critical lean criteria which were then validated by experts of
XYZ machine tool manufacturing company. Although this paper cannot claim to be
exhaustive in its review of criteria, the framework does provide a comprehensive set of
the lean implementation criteria and highlights the relationships that are likely to exist
between the lean criteria.

There arises an important issue in terms of segmenting the set of lean criteria into
some meaningful portions in order to effectively facilitate its implementation.
Additionally, to handle this issue, it is also necessary to solve the matter of integrating
group decisions. Hence, we proposed the DEMATEL method to achieve segmentation
of required lean criteria for effective implementation. Our proposed methodology
successfully employs the DEMATEL method for XYZ machine tool manufacturing
company. The methodology proved quite useful in integrating the perceptions and
perspectives of various company experts. We arrived at a series of results, and the
methodology provided some strategic scenarios of the relationships of the lean criteria.
This method can also successfully divide a set of complex factors into cause and effect
groups through a visible causal diagram. Through the causal diagram, the complexity
of a problem is easier to capture, whereby profound decisions can be made.

As concerns our empirical study, the proposed DEMATEL method worked
smoothly in tackling the issue of segmenting the 17 lean criteria into meaningful
portions. According to the analysis results, seven lean criteria lie in the cause group so
the management must pay greater attention and commit resources for their
development. These include IT, CIM, ERP, training, fixed position layout, smart
processes and automation, and concurrent engineering.

The results of the evaluation of the field study company provided some initial
insights into importance of lean criteria and the sequencing of these criteria. By the
aspect of prioritizing the importance of criteria and the cause and effect relationship
among criteria, this study found that the JIT, TQM and training were the most critical
criteria. Therefore, in order to enhance the overall competitive potential in term of lean
implementation, Indian manufacturing firms should initially allocate more resources in
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these core criteria. In the lean implementation process, firms should emphasize on
training since it is the main critical criterion that would yield highest positive impact on
other criteria.

Even though we believe that our proposed DEMATEL method is comprehensive
and applicable to all manufacturing firms facing problems that require group decision
making to segment complex criteria, limitation that leave scope of further research
exists. For future research, one possible direction may be to research a more satisfying
fuzzy aggregation method. Also, data can be collected from a number of companies
from inside and outside India for better generalization of results. Further, empirical
work can be undertaken to test the approach and verify the transferability of results to
other countries and industries. Introducing sub-criteria and additional lean criteria can
provide added insight to lean implementation tactical and operational issues. Even
though some limitations and disadvantages do exist, there is ample opportunity to
investigate how this tool can be used to expand lean implementation.

Glossary
CIM Computer-integrated manufacturing
CNC Computer numerical control
DEMATEL Decision-Making Trial and Evaluation Laboratory
ERP Enterprise resource planning
ISO International organization of standardization
IT Information technology
JIT Just in time
LM Lean manufacturing
LMS Lean manufacturing system
SMED Single minute exchange of die
SMEs Small and medium enterprises
TQM Total quality management
VSM Value stream mapping
WIP Work-in-process
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Appendix
The steps of DEMATEL method are enumerated as follows:

Step 1: using the data collected from experts, compute the average matrix. Each respondent is
asked to evaluate the direct influence between any two factors by an integer score ranging from 1
to 5, representing “‘no influence,’ ‘low influence,’ ‘medium influence,’ and ‘high influence’” and
very high influence, respectively. The notation of xij indicates the degree to which the respondent
believes factor i affects factor j. For i¼ j, the diagonal elements are set to zero, indicating no
influence. For each respondent, an n× n non-negative matrix can be established as Xk¼ xkij, where
k is the number of respondents with 1⩽ k⩽H, and n is the number of factors. Thus, X1,X2,X3,…,
XH are the matrices from H respondents. To incorporate all opinions from H respondents, the
average matrix A¼ [aij] can be constructed as follows:

aij ¼
1
H

XH

k¼1

xkij

aij ¼
1
H

Step 2: compute the normalized initial direct-relation matrix. Normalize initial direct-relation
matrix D by D¼A×S, where:

S ¼ 1
max1p ipn

Pn
j¼1 aij

Each element in matrix D falls between zero and one.
Step 3: determine the total-relation matrix. The total-relation matrix T is defined as

T¼D(I−D)−1, where I is the identity matrix. Define r and c by n× 1 and 1× n vectors
representing the sum of rows and sum of columns of the total-relation matrix T, respectively.
Suppose ri be the sum of ith row in matrix T, then ri summarizes both direct and indirect
effects given by factor i to the other factors. If cj denotes the sum of jth column in matrix T,
then cj shows both direct and indirect effects by factor j from the other factors. When j¼ i, the
sum (cj+ri) shows the total effects given and received by factor i. Thus, (cj+ri) indicates the
degree of importance for factor i in the entire system. On the contrary, the difference (cj−ri)
represents the net effect that factor i contributes to the system. Specifically, if (cj−ri) is
positive, factor i is a net cause, while factor i is a net receiver or result if (cj−ri) is negative
(Lee et al., 2008).

Step 4: set up a threshold value to obtain the digraph. Since matrix T provides information on
how one factor affects another, it is necessary for a decision maker to set up a threshold value to
filter out some negligible effects. In doing so, only the effects greater than the threshold value
would be chosen and shown in digraph. In this study, the threshold value is set up by computing
the average of the elements in matrix T. The digraph can be acquired by mapping the data set of
(c+r, c−r).
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