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ABSTRACT
Lean Six Sigma (LSS) methodology has been acquiring a prominent position in organisations. The aim of
this study is to demonstrate an approach to LSS implementation in organisations using the develop-
ment of a hypothetical model based on interpretive structural modelling (ISM) and fuzzy Matriced
Impacts Crois�es Multiplication Appliqu�ee �a un Classement (fuzzy MICMAC) analysis phenomenon.
Seventy Lean Six Sigma enablers (LSSEs) have been identified through extensive literature review and
out of which 40 most important LSSEs were finalised through opinions of experts both from industry
and academia. Furthermore, the valuable expert opinions have been applied to determine contextual
relationships between these significant LSSEs and a hierarchical model has been created based on an
ISM. The fuzzy MICMAC analysis has also been utilised to classify the enablers based on the dependence
and driving power, and validate the created ISM-based model. The developed hierarchical model will
assist to understand interrelationships and interdependencies among the identified LSSEs. Having high
driving and low dependence power, the LSSEs have strategic significance because of their driving char-
acter. On the other hand, having high dependence and low driving power, LSSEs are more performance
orientated. The mutual influence, driving and dependence power of LSSEs render valuable information
to top management to distinguish between independent and dependent LSSEs. An organisation desiring
of adopting LSS may get benefited by the understanding of LSSEs and their interactions.
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1. Introduction

In today’s competitive business environment, many organisa-
tions are under pressure to satisfy the customers and
improve bottom line results due to the declining revenues
and erosion of operating margins. Customer satisfaction has
become the top priority for any organisation. To survive in
this competitive environment, an organisation has to supply
goods and best quality of the services with the minimum
cost (Majstorovic et al. 2016; N€aslund 2008). Lean thinking
and Six Sigma methodology are well-demonstrated and influ-
ential processes for the attending this goal. Lean stresses on
pace, the flow of the process and waste (Muda), whereas Six
Sigma is about defects, statistical quality control and vari-
ation (Mi Dahlgaard-Park et al. 2006). Though these methods
are not mutually exclusive, the flow is negatively affected by
defects and variation, where the quality is negatively affected
by unnecessary wastes. The merger of Lean and Six Sigma is
known as Lean Six Sigma (LSS) or Lean Sigma which can
reap the benefits of both individual practices and can also
assist in overcoming the limitations of stand-alone method-
ology (Clegg, Pepper, and Spedding 2010). The concept of
combining Lean Manufacturing and Six Sigma principles
began in the late 1990s (Snee 2010; Michael, Rowlands, and
Kastle 2004). When Lean and Six Sigma were used together,
by elimination of waste, the rate of responding to the needs
of the customer increased and by variation elimination, the

value and quality of the products and service were also cre-
ated. Therefore, the merger of Lean and Six Sigma known as
LSS is regarded as a new evolution of management tool to
improve bottom line results (Snee 2010), to maximise share-
holder value (Tsironis, Psychogios, and Al-Mashari 2016), to
fasten the rate of high quality production (Mi Dahlgaard-Park
and Bendell 2006; Vinodh, Kumar, and Vimal 2014), to face
competitive market situations such as quality and cost and
speed by the process of operational excellence (Abu Bakar,
Subari, and Mohd Daril 2015; Gnanaraj et al. 2012). Salah,
Rahim, and Carretero (2010) concluded that the LSS merger
is possible and beneficial to achieve overall customer
satisfaction.

Many researchers demonstrated the successful implemen-
tation of LSS (Agarwal et al. 2016; Akbulut-Bailey, Motwani,
and Smedley 2012; Anderson and Kovach 2014; Psychogios,
Atanasovski, and Tsironis 2012; Sunder 2016). Nevertheless,
many organisations did not get benefit from the LSS as its
execution methodology was not shown effectively (Kumar
et al. 2008; Albliwi et al. 2014; Ali, Choong, and Jayaraman
2016). Although LSS renders many benefits, planning and
managing the same are very difficult tasks. The LSS imple-
mentation demands time to realise its full impact. Difficulty
faced by the manufacturing organisations, particularly these
are situated in developing countries like India, is to transform
the traditional manufacturing system to LSS system. There is
confusion in the minds of managers about ways of tackling
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this transition process. Several difficulties/barriers are
encountered during this transition process. These roadblocks
which make this transition a difficult task include lack of
funds, lack of resources, lack of visionary leadership, etc. hin-
ders which hinder this transition procedure, certain enablers
trigger the LSS implementation (Ali, Choong, and Jayaraman
2016; Antony et al. 2012; Assarlind, Gremyr, and B€ackman
2013; Fadly Habidin and Mohd Yusof 2013).

Any quality improvement the success initiative depends
upon the technical and system oriented factors such as
working culture, organisation policies, working climate, job
procedures and company’s environment (Abu Bakar, Subari,
and Mohd Daril 2015; Furterer and Elshennawy 2005;
Manville et al. 2012). The success and failure of LSS initiative
related to those factors can be regarded as enablers of LSS
implementation. Albliwi et al. (2014) stated that many organ-
isations failed to adopt LSS because the organisations failed
to focus on enablers during implementation. Snee (2010)
stated that success and failure possibility of LSS implementa-
tion depend on where and how it is exercised. These ena-
blers assist the managers to implement LSS in their
organisations. To accomplish the transition process without
many hurdles, it is needed to analyse these enablers and
understand its effectiveness. There are several studies that
explore the LSSEs. But mere LSSEs identification is not
enough. These enablers not only affect the LSS implementa-
tion process, but also influence one another. Therefore, it is
essential to recognise the nature of these enablers and their
mutual relationship so that the driving enablers (which sup-
port other enablers) and dependent enablers (which are
influenced by other enablers) are identified. An attempt has
been made in this study to analyse these enablers using an
interpretive structural modelling (ISM) and fuzzy Matriced
Impacts Crois�es Multiplication Appliqu�ee �a un Classement
(fuzzy MICMAC) approach to achieve the above-mentioned
objective. ISM is an advanced planning methodology for rec-
ognising and summarising the relationships among specific
items which define a problem or an issue (Sage 1977;
Watson 1978; Warfield 1974; Kumar et al. 2016; Agi and
Nishant 2017). The ISM method provides a means by which
researchers can impose an order, build relationships between
and create models around the elements of a system (Farris
and Sage 1975). Fuzzy MICMAC analysis assists in examining
and clustering the factors of interest in accordance with driv-
ing and dependence power (Kant and Singh 2009). The ISM
and fuzzy MICMAC analyses and models help decision-
makers to visualise the issues through a systems approach
and then recognise elements that have a high level of influ-
ence and hence require high prioritisation and substantial
effort to resolve (Bhosale and Kant 2016; Panahifar, Byrne,
and Heavey 2014). Hence, in this article, LSSEs have been
studied using the ISM and fuzzy MICMAC approach which
renders the LSSEs interrelationships and their driving and
dependence power. Initially, 70 LSSEs were identified
through extensive literature review and out of which 40
most important LSSEs were finalised through opinions of
experts both from industry and academia.

The detailed methodology regarding finalising these
LSSEs is presented in Section 2.1. The opinions from the
expert’s committee were used to prepare relationship matrix
which was later used to create the ISM model. While creating
theoretical foundations for LSS implementation, vital three
questions were posed. What are LSSEs? How are they inter-
connected? And what kind of dependencies lies among
them? This study has three main objectives. I. To identify the
LSSEs through the literature review and expert opinion. II. To
recognise the interrelationships between the LSSEs. III. To
characterise the enablers on the premise of their driving
force and dependence power, and to find the most affect-
ing enabler.

This article is structured as follows: in Section 2, the litera-
ture concerning LSS enablers and finalisation of enablers are
presented. The problem description and methodology part
are explained in Section 3. The application of integrated ISM
and fuzzy MICMAC methodology in case organisation is
explained in Section 4. In Section 5, the key findings from
the ISM and fuzzy MICMAC method and analysis are dis-
cussed. Finally, the concluding remarks and managerial impli-
cation were presented in Section 6. Section 7 includes the
limitations and future research scope.

2. Literature review and finalisation of enablers

According to Laureani and Antony (2018), the identification
and focus on enablers of LSS are essential for the guaranteed
success of LSS initiatives. The enablers are not key objectives
but are the activities and practices (Saraph, Benson, and
Schroeder 1989) that can be adjusted for implementation by
the top management to accomplish the organisation’s goals
(Antony 2014; Jeyaraman and Kee Teo 2010; Manville et al.
2012). The enablers are concerned to an organisation’s cur-
rent situation and future success (Setijono, Laureani, and
Antony 2012). Psychogios, Atanasovski, and Tsironis (2012)
classified LSS critical success factors (CSFs)/enablers into two
categories, namely the facilitators and the inhibitors. The fac-
tors that improve the implementation procedure and have
positive impact are considered as the facilitators, whilst the
implementation barriers considered as inhibitors. It can also
be classified as institutional or contextual factors, namely the
elements focused on organisational characteristics viewed as
institutional factors, while the organisational structure factors
are considered as the contextual elements.

Jeyaraman and Kee Teo (2010) presented a conceptual
framework for adopting LSS in electronic manufacturing ser-
vice industry in Malaysia. Their study presented a structure
based on enablers obtained from previous studies. Setijono,
Laureani, and Antony (2012) surveyed the manufacturing and
service industries to identify the key enablers for successful
LSS implementation. They found that management commit-
ment, cultural change, linking LSS to business strategy and
leadership styles were identified as the most important ena-
blers in these industries. Antony et al. (2012) applied and ana-
lysed the LSS in higher education institutions. They presented
various challenges and barriers to be encountered during
the introduction of LSS in the higher education sector.
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Wang and Chen (2012) found: management commitment,
employees training and availability of resources as the
most critical enablers in a panel equipment manufacturing
industry. Also, many authors documented various benefits
of LSS implementation (Leseure et al. 2010; Eriksson and
Eriksson 2017; Shokri, Waring, and Nabhani 2016; Chen and
Lyu 2009; Garza-Reyes et al. 2016). But, still in the develop-
ing country like India the rate of LSS implementation has
been much slower than expected (Gupta, Acharya, and
Patwardhan 2012). One of the primary causes for this is
the lack of comprehensive and thorough guidelines. In
addition, one of the main challenges is lack of understand-
ing of enablers and barriers of LSS implementation. Many
studies have focused on identification of various enablers
of LSS implementation in the field; however, studies to
fully understand its main enablers are still in their infancy.
In the context of these observations on intensive literature
review was conducted using the SCOPUS database, which
facilitate to identify 70 LSSEs.

2.1. Finalisation of enablers

The fundamental cornerstone to ISM and fuzzy MICMAC is
the opinion of experts regarding the system. Warfield (1974)
suggest that ISM model development necessitates the par-
ticipation of up to eight experts. In this study, the inputs
from an expert committee consisting of five industrial, one
consultant and three academic experts were utilised. Table 1
shows the details of the experts. All the industry experts are
from the case organisation A, wishes to implement LSS. Each
expert had more than 10 years of experience in the area of
Lean and Six Sigma.

Initially, the intensive literature review was conducted,
which was then followed by gather of opinion by experts. A
total of 70 LSSEs was identified. Brainstorming and nominal
group techniques are used to identify LSSEs and demon-
strate mutual relationship. In the first session, the research
agenda and its significance were discussed. During the
second session, all the LSSEs were discussed and were segre-
gated into groups with similar traits and assign them into
groups: enablers based on management and leadership,
training, culture, performance, resources, strategy and pro-
ject, supplier and customer relationship, networking and
communication, knowledge management, human resource
(HR), financial and tools and techniques. Later, within an
environment of mutual respect, six major clusters of LSSEs
have been developed: strategic, an organisation, cultural,
financial, customer and based on supplier. During the third

session, the expert panel decides which enablers are best to
pursue, the same meaning enablers are discarded and appro-
priate enablers are to be merged. Forty LSSEs were finalised
and each of these LSSEs was accommodated under one of
six developed clusters (refer Table 2). After finalising the
most pressing enablers for the LSS implementation, the next
session was organised to establish the relationship among
these LSSEs. The experts were asked about the mutual rela-
tionship between LSSEs. To carry out any further modifica-
tion, the final list of LSSEs and the contextual relationship
was circulated among the experts. Furthermore, last phase
was added to the traditional ISM process. In this phase, the
framework determinations were presented to the experts for
the model and results validation and for identification of
implications for practice.

3. Problem description and methodology

3.1. Problem description

A case company A wishes to implement LSS for removal of
non-value added activities and improve the quality in order
to survive in competitive business environment. The com-
pany A is a medium-size manufacturing organisation located
in Gujarat state of India. This company was established in
the year 1983. 800 employees are working in this company.
The turnover of this company is more than US$600 million.
The company involves in manufacturing the conventional
green sand and producing centrifugal casting products. The
mission of this company is to provide world-class technology
to suit specific Indian economic and production needs and
to consistently develop new technologies for meeting the
emerging needs of the foundry industry. At present, the
company A is the single source of supply for the products
such as green sand process and chemically bonded sand
machines, sand preparation and re-conditioning equipment,
moulding and pouring plants and centrifugal casting
machines. This has been made possible by imposing a strin-
gent quality improvement and quality control system
throughout the company. The company A is equipped with
modern machines and latest technology, well-established
infrastructure, trained workforce, competent research and
development and system team for the continuous product
improvement and new machine development.

The company A wishes to implement LSS for (i) introduc-
ing LSS tools in the new development for better utilisation
of all resources and saving the bottom line; (ii) replacing the
existing facility, with the existing facility, the case company is

Table 1. Information of experts’ details.

Experts Academia/industry/consultant Current position Numbers of years of experiences

EX1 Industry President 32 years
EX2 Industry Senior director of system 19 years
EX3 Industry LSS projects leader 12 years
EX4 Industry Operations engineer 09 years
EX5 Industry Manufacturing manager 16 years
EX6 Consultant Consultant 25 years
EX7 Academia Professor and researcher 21 years
EX8 Academia Associate professor and researcher (Six sigma black belt) 14 years
EX9 Academia Assistant Professor and LSS researcher 10 years
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Table 2. LSSEs and literature support.

Main criteria LSSEs code Sub criteria Effect of LSSEs Literature support

Strategic
based LSSEs

LSSE01 Top-management commit-
ment, involvement
and support

Top management involve-
ment ensures the human
resource support, financial
support, availability of
funds, assistance in remov-
ing obstacles, regular
reviewing LSS project pro-
gress, and assured recogni-
tion and rewards for
participants.

Albliwi et al. 2014; Ali, Choong, and Jayaraman 2016; Antony
2014; Antony et al. 2012; Antony, Setijono, and Dahlgaard
2016; Bhat and Jnanesh 2014; Clegg, Pepper, and Spedding
2010; Fadly Habidin and Mohd Yusof 2013; Hilton and Sohal
2012; J. Thomas et al. 2014; Jayaraman, Leam Kee, and Lin
Soh 2012; Jeyaraman and Kee Teo 2010;
Lertwattanapongchai and William Swierczek 2014; Leseure
et al. 2010; Manville et al. 2012; N€aslund 2008; Psychogios,
Atanasovski, and Tsironis 2012; Psychogios and Tsironis
2012; Setijono, Laureani, and Antony 2012; Wang and
Chen 2012

LSSE02 Strategic planning
and direction

An effective strategic plan-
ning helps to determine
overall strategic directions
that could orient the LSS
implementation plan.

Antony et al. 2012; Albliwi et al. 2014; Bhat and Jnanesh 2014;
Lertwattanapongchai and William Swierczek 2014; Antony,
Setijono, and Dahlgaard 2016; Franchetti and Barnala 2013;
Abu Bakar, Subari, and Mohd Daril 2015

LSSE03 Linking LSS to business/
organisation strategy

It helps to integrate the con-
tinuous enhancement into
organisation strategy and
link the success of the
overall company and initia-
tive together.

Abu Bakar, Subari, and Mohd Daril 2015; Albliwi et al. 2014;
Antony 2014; Jeyaraman and Kee Teo 2010;
Lertwattanapongchai and William Swierczek 2014; Manville
et al. 2012; Psychogios and Tsironis 2012

LSSE04 Project management The project selection, priori-
tisation, tracking and
review of the project are
most critical for the imple-
mentation of LSS.

Abu Bakar, Subari, and Mohd Daril 2015; Albliwi et al. 2014;
Antony et al. 2012; Antony, Setijono, and Dahlgaard 2016;
Clegg, Pepper, and Spedding 2010; Fadly Habidin and Mohd
Yusof 2013; Hilton and Sohal 2012; Jayaraman, Leam Kee,
and Lin Soh 2012; Jeyaraman and Kee Teo 2010;
Lertwattanapongchai and William Swierczek 2014; Leseure
et al. 2010; Manville et al. 2012; N€aslund 2008; Psychogios,
Atanasovski, and Tsironis 2012; Setijono, Laureani, and
Antony 2012

LSSE05 Performance measurement
and benchmarking
practices

The performance meas-
urement’s quantitative
indicators help in tracking
the LSS progress against
organisational strategy.

Abu Bakar, Subari, and Mohd Daril 2015; Albliwi et al. 2014; Ali,
Choong, and Jayaraman 2016; Antony, Setijono, and
Dahlgaard 2016; Hilton and Sohal 2012; Jeyaraman and Kee
Teo 2010; Lertwattanapongchai and William Swierczek 2014;
Leseure et al. 2010; N€aslund 2008

LSSE06 Change management The change management
helps to proceed an organ-
isation from current condi-
tion to the required future
state. Change management
may be carried out using
tools and techniques that
can transform people.

Antony 2014; Hilton and Sohal 2012; Lertwattanapongchai and
William Swierczek 2014

LSSE07 Linking LSS to core busi-
ness processes

Linking LSS to core business
process helps in empower-
ing organisation with con-
tinuous business process
improvements and reduces
process-related costs.

Jeyaraman and Kee Teo 2010; Ali, Choong, and Jayaraman
2016; Abu Bakar, Subari, and Mohd Daril 2015; Kumar,
Kumar, and Haleem 2015

LSSE08 Developing organisational
readiness for LSS

It assists to seeing the organ-
isational preparedness for
LSS implementa-
tion activities.

Abu Bakar, Subari, and Mohd Daril 2015; Ali, Choong, and
Jayaraman 2016; Antony et al. 2012; Manville et al. 2012;
Psychogios, Atanasovski, and Tsironis 2012

Organisational
based LSSEs

LSSE09 LSS supportive organisa-
tional structure

The LSS organisation struc-
ture defines the roles and
responsibility, and the flow
of information among the
different levels
of management.

Albliwi et al. 2014; Hilton and Sohal 2012; Jeyaraman and Kee
Teo 2010; Kumar, Kumar, and Haleem 2015; Leseure et al.
2010; N€aslund 2008; Setijono, Laureani, and Antony 2012

LSSE10 LSS supportive organisational
infrastructure
and resources

By formulating LSS infrastruc-
ture, managers realize the
LSS initiatives’ importance
and involve the employees
in the implementa-
tion process.

Abu Bakar, Subari, and Mohd Daril 2015; Albliwi et al. 2014; Ali,
Choong, and Jayaraman 2016; Antony 2014; Antony et al.
2012; Assarlind, Gremyr, and B€ackman 2013; Jeyaraman and
Kee Teo 2010; Kumar, Kumar, and Haleem 2015;
Lertwattanapongchai and William Swierczek 2014; Manville
et al. 2012; Setijono, Laureani, and Antony 2012; Snee 2010

LSSE11 Consistent and accurate
data collection

Consistent and accurate data
ultimately provides better
organisational success as
the decisions are made by
referring fact data instead
of practice and human
intuition-oriented data.

Albliwi et al. 2014; Ali, Choong, and Jayaraman 2016; Franchetti
and Barnala 2013; Abu Bakar, Subari, and Mohd Daril 2015;
Kumar, Kumar, and Haleem 2015

(continued)
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Table 2. Continued.

Main criteria LSSEs code Sub criteria Effect of LSSEs Literature support

LSSE12 Standard operat-
ing procedures

Each entity needs to be docu-
mented and every process
needs to be mapped. In
addition, manual, stand-
ards, functions, tools, cali-
brations and a well written
operating procedure are
required as, in absence of
anyone, the next can oper-
ate functions without any
major difficulties.

Albliwi et al. 2014; Franchetti and Barnala 2013; Abu Bakar,
Subari, and Mohd Daril 2015; Kumar, Kumar, and
Haleem 2015

LSSE13 Awareness programme
for LSS

It provides information about
how the new methodology
can apply to their organ-
isation and the gains
achieved by the imple-
mentation and how this
implementation can help
organisations to meet
today’s busi-
ness challenges.

Setijono, Laureani, and Antony 2012; Albliwi et al. 2014;
Antony, Setijono, and Dahlgaard 2016; Abu Bakar, Subari,
and Mohd Daril 2015; Kumar, Kumar, and Haleem 2015

LSSE14 Effective scheduling of
LSS activities

Effective scheduling of activ-
ities assists in meeting LSS
implementation roadmap.

Ali, Choong, and Jayaraman 2016; Kumar, Kumar, and
Haleem 2015

LSSE15 LSS supportive know-
ledge management

It helps to understand
the system.

Hilton and Sohal 2012; N€aslund 2008

LSSE16 Frequent communication and
assessment on LSS result

The effective communication
will help to build the
team, guide people
through LSS journey and
institute a common lan-
guage for continuous
improvement. The periodic
reviews will guarantee that
the programme remains
on track.

Abu Bakar, Subari, and Mohd Daril 2015; Albliwi et al. 2014;
Antony et al. 2012; Antony, Setijono, and Dahlgaard 2016;
Fadly Habidin and Mohd Yusof 2013; Hilton and Sohal 2012;
Jayaraman, Leam Kee, and Lin Soh 2012; Jeyaraman and Kee
Teo 2010; Laureani, Brady, and Antony 2013;
Lertwattanapongchai and William Swierczek 2014; Manville
et al. 2012; N€aslund 2008; Setijono, Laureani, and
Antony 2012

Culture
based LSSEs

LSSE17 Linking LSS to reward and
recognition system

Liking LSS to reward and rec-
ognition helps to create
more interest in the work-
force to involve in the kai-
zen activity and
continuous improve-
ment projects.

Abu Bakar, Subari, and Mohd Daril 2015; Fadly Habidin and
Mohd Yusof 2013; Jayaraman, Leam Kee, and Lin Soh 2012;
Jeyaraman and Kee Teo 2010; Lertwattanapongchai and
William Swierczek 2014; Manville et al. 2012

LSSE18 Quality-driven company/
organisational culture
and ethics

Overall employee’s, involve-
ment and continuous
improvements enforce
change in organisational
culture and ultimately help
to satisfy the cus-
tomer demands.

Abu Bakar, Subari, and Mohd Daril 2015; Antony et al. 2012;
Bhat, Gijo, and Jnanesh 2014; Fadly Habidin and Mohd Yusof
2013; Franchetti and Barnala 2013; Hilton and Sohal 2012;
Jayaraman, Leam Kee, and Lin Soh 2012; Jourabchi et al.
2014; Lertwattanapongchai and William Swierczek 2014;
Leseure et al. 2010; N€aslund 2008; Psychogios, Atanasovski,
and Tsironis 2012; Psychogios and Tsironis 2012; Wang and
Chen 2012

LSSE19 Selection and retention
of staff

The organisation workforce is
one of the most significant
assets. Organisation staff is
an investment, that will if
efficiently managed and
trained render long-term
benefits to the company in
the form of productivity.

Antony, Setijono, and Dahlgaard 2016; Setijono, Laureani, and
Antony 2012

LSSE20 Employee involvement
and commitment

Overall involvement of
employees in LSS activities
helps to establish better
work culture, increased job
satisfaction of employees
and enhanced of organisa-
tional commitment.

Antony 2014; Albliwi et al. 2014; Bhat and Jnanesh 2014;
Antony, Setijono, and Dahlgaard 2016; Kumar, Kumar, and
Haleem 2015

LSSE21 Teamwork The team members should be
elected based on analyt-
ical, statistical and tech-
nical skill, the ability of
knowledge transference
and interrelationship. This
helps to facilitate the
LSS practice.

Leseure et al. 2010; Psychogios and Tsironis 2012;
Lertwattanapongchai and William Swierczek 2014; Abu
Bakar, Subari, and Mohd Daril 2015; Antony, Setijono, and
Dahlgaard 2016; Franchetti and Barnala 2013; Kumar, Kumar,
and Haleem 2015

(continued)
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Table 2. Continued.

Main criteria LSSEs code Sub criteria Effect of LSSEs Literature support

LSSE22 Employee empowerment For effective LSS implementa-
tion, the roles and respon-
sibility should be defined.
And the targets should
link to annual perform-
ance appraisal.

Lertwattanapongchai and William Swierczek 2014; Antony,
Setijono, and Dahlgaard 2016; Kumar, Kumar, and
Haleem 2015

LSSE23 Education and training
(Understanding the tools
and techniques)

The sound education and
appropriate training pro-
vide the vital knowledge
such as LSS tools, benefits
of the LSS implementation,
what modification of the
system is required, plat-
form to educate future
leaders and various ways
to adopt the required
modification.

Albliwi et al. 2014; Ali, Choong, and Jayaraman 2016; Antony
2014; Antony et al. 2012; Antony, Setijono, and Dahlgaard
2016; Bhat and Jnanesh 2014; Clegg, Pepper, and Spedding
2010; Fadly Habidin and Mohd Yusof 2013; Hilton and Sohal
2012; J. Thomas et al. 2014; Jayaraman, Leam Kee, and Lin
Soh 2012; Jeyaraman and Kee Teo 2010;
Lertwattanapongchai and William Swierczek 2014; Manville
et al. 2012; N€aslund 2008; Psychogios, Atanasovski, and
Tsironis 2012; Psychogios and Tsironis 2012; Setijono,
Laureani, and Antony 2012; Wang and Chen 2012

LSSE24 Sufficient time to
solve problems

If any rush to solve the prob-
lem without taking suffi-
cient time to understand
the problem, often the
solution is missing the
mark and ultimately ends
in loss to the company.

Jeyaraman and Kee Teo 2010; Albliwi et al. 2014

LSSE25 Sharing of project success
stories and best practices

The LSS project success story
motivates other employees
of the organisation to
engage in LSS projects.

Abu Bakar, Subari, and Mohd Daril 2015; Fadly Habidin and
Mohd Yusof 2013; Jayaraman, Leam Kee, and Lin Soh 2012;
Jeyaraman and Kee Teo 2010

Financial
based LSSEs

LSSE26 Funds for specialized man-
power training

LSS should be considered as
project-based method-
ology. The involvement of
Master Black Belt (MBB),
Black Belt (BB) and Green
Belt (GB) is very essential
for LSS implementation.
There is a requirement of
funds for specialized train-
ing like MBB, BB, and GB.

Albliwi et al. 2014; Ali, Choong, and Jayaraman 2016; Abu
Bakar, Subari, and Mohd Daril 2015; Kumar, Kumar, and
Haleem 2015; Jayaraman, Leam Kee, and Lin Soh 2012;
Fadly Habidin and Mohd Yusof 2013

LSSE27 Funds for financial incentives It is one of the best practices
to motivate employees for
successfully implementing
LSS initiatives.

Jeyaraman and Kee Teo 2010; Ali, Choong, and Jayaraman
2016; Abu Bakar, Subari, and Mohd Daril 2015; Kumar,
Kumar, and Haleem 2015

LSSE28 Funds for operational
expenditure

The LSS demands substantial
investment for creating
various assets, generating
resources, hardware and
software purchase, prepar-
ation materials, consult-
ation service, organisation
rewards and reorganisation
system, MBB, BB and GB
training and others to
build up and sustain
the culture.

Albliwi et al. 2014; Ali, Choong, and Jayaraman 2016; Abu
Bakar, Subari, and Mohd Daril 2015; Kumar, Kumar, and
Haleem 2015; Fadly Habidin and Mohd Yusof 2013

LSSE29 Financial benefits sharing
among employees due
to LSS

Top management motivates
the LSS implementation
through financial rewards
in the form of money or
expensive goods and serv-
ices or through invest-
ments in the forms like
cantina, wardrobes, salaries
increment or
yearly bonuses.

Albliwi et al. 2014; Ali, Choong, and Jayaraman 2016; Abu
Bakar, Subari, and Mohd Daril 2015; Kumar, Kumar, and
Haleem 2015

LSSE30 Funds for LSS supportive
hardware and software

LSS software and hardware
purchasing is an invest-
ment in originating resour-
ces which helps in
successful LSS
implementation.

Setijono, Laureani, and Antony 2012; Fadly Habidin and Mohd
Yusof 2013; Albliwi et al. 2014; Lertwattanapongchai and
William Swierczek 2014; Ali, Choong, and Jayaraman 2016;
Abu Bakar, Subari, and Mohd Daril 2015; Kumar, Kumar, and
Haleem 2015; Assarlind, Gremyr, and B€ackman 2013

Customer
based LSSEs

LSSE31 Linking LSS with customer
preferences

It helps to fulfil the needs of
the customers.

Jeyaraman and Kee Teo 2010; J. Thomas et al. 2014;
Lertwattanapongchai and William Swierczek 2014; Antony,
Setijono, and Dahlgaard 2016; Abu Bakar, Subari, and Mohd
Daril 2015; Kumar, Kumar, and Haleem 2015

(continued)
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facing a few wastes such as the high cost of rework, high
motions of workers, large amount of defects, over-processing
and various non-value added activities; also, the company A
receives a major complaint from customers related to main-
tenance activities; (iii) controlling the quality for the survival
in today’s competitive business environment. The case com-
pany A confronts a number of problems when doing LSS ini-
tiatives because any quality initiative requires taking into
considering of various complex elements systematically, such
as the aim, organisation’s culture, resource conditions,

training requirements and even the organisation preference.
This case company A is interested to recognise the most sig-
nificant LSSEs and to examine the interaction and interde-
pendencies among these LSSEs.

3.2. Methodology

The main aim of LSS is to target every type of opportunity for
improvement within the organisation. Many researchers dem-
onstrated the successful implementation of LSS. Nevertheless,

Table 2. Continued.

Main criteria LSSEs code Sub criteria Effect of LSSEs Literature support

LSSE32 Customer satisfaction
and delight

Customer satisfaction and
delight will change the
way of organisational
thinking and more atten-
tion can be paid to any
customer-related issues.

Abu Bakar, Subari, and Mohd Daril 2015; Antony, Setijono, and
Dahlgaard 2016; Lertwattanapongchai and William Swierczek
2014; Manville et al. 2012; Psychogios and Tsironis 2012

LSSE33 Customer relation-
ship management

The customer relationship
management improves the
experience of the custom-
ers and adds long-term
customer value by remov-
ing the waste.

Setijono, Laureani, and Antony 2012; Psychogios and Tsironis
2012; Ali, Choong, and Jayaraman 2016

LSSE34 Customer focused information
and analysis

The customer-centric informa-
tion and analysis utilise
the customer information
tactically and help in over-
coming customer dissatis-
faction and deliver
customer
demands sensibly.

Antony 2014; Antony, Setijono, and Dahlgaard 2016; Abu Bakar,
Subari, and Mohd Daril 2015

LSSE35 Understanding the cus-
tomer demand

The organisation must be
accountable and aware
about hearing the custom-
er’s voice, satisfy the needs
and expectations of the
customers and forecast the
customer demand.

Albliwi et al. 2014; Franchetti and Barnala 2013; Antony,
Setijono, and Dahlgaard 2016

Supplier
based LSSEs

LSSE36 Linking LSS to buyer-suppliers Customer-supplier relation
serves a better flow of
information. Knowledge
management helps to
achieve successful LSS
implementation.

Jeyaraman and Kee Teo 2010; Abu Bakar, Subari, and Mohd
Daril 2015; Kumar, Kumar, and Haleem 2015

LSSE37 Supplier relation-
ship management

The effective supplier rela-
tionship management
helps in developing a bet-
ter quality design product.
It meliorates strategic part-
nership and long-term
relationship and improves
the performance of pur-
chase management and
the job ordering system.

Psychogios and Tsironis 2012; Albliwi et al. 2014; Abu Bakar,
Subari, and Mohd Daril 2015; Kumar, Kumar, and
Haleem 2015

LSSE38 Extending LSS to sup-
ply chain

Extending LSS to supply chain
accomplishes the customer
satisfaction related deliv-
ery, quality, and cost.

Setijono, Laureani, and Antony 2012; Ali, Choong, and
Jayaraman 2016; Abu Bakar, Subari, and Mohd Daril 2015

LSSE39 Effective feedback and com-
munication system

Feedback and continuous
communication have
strong links to the satisfac-
tion of employees and
enhancement of
productivity.

Abu Bakar, Subari, and Mohd Daril 2015; Albliwi et al. 2014;
Antony et al. 2012; Antony, Setijono, and Dahlgaard 2016;
Fadly Habidin and Mohd Yusof 2013; Hilton and Sohal 2012;
Jayaraman, Leam Kee, and Lin Soh 2012; Jeyaraman and Kee
Teo 2010; Laureani, Brady, and Antony 2013;
Lertwattanapongchai and William Swierczek 2014; Manville
et al. 2012; N€aslund 2008; Setijono, Laureani, and
Antony 2012

LSSE40 Joint problem solv-
ing approach

Any organisation can effect-
ively solve novel and com-
plex works by employing
the organisational joint
problem-solving approach.

Jeyaraman and Kee Teo 2010; Setijono, Laureani, and Antony
2012; Psychogios and Tsironis 2012; Albliwi et al. 2014;
Antony, Setijono, and Dahlgaard 2016; Abu Bakar, Subari,
and Mohd Daril 2015; Kumar, Kumar, and Haleem 2015
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many organisations did not get benefit from the LSS as its
execution methodology was not shown effectively (Albliwi
et al. 2014). There are several studies focuses on identification
of key factors for successful implementation of LSS. But mere
success factor identification is not enough. To address this
gap, the key enablers for successful LSS implementation have
been identified and introduced in this study. It is apparent
that no single LSSE would lead to achieving LSS implementa-
tion; hence, it becomes more important to recognise the rela-
tionship of LSSEs with each other. ISM methodology has been
widely utilised for analysing and examining the association
among different factors. The ISM method provides a means
by which researchers can impose an order, build relationships
between and create models around the elements of a system
(Farris and Sage 1975). The goal of MICMAC analysis is to ana-
lyse the components based on their driving and dependency
power and clustering them into four categories: autonomous,
dependent, linkage and independent (Duperrin and Godet
1973). The results of this analysis can help to make the stra-
tegic and tactical decisions in organisations to move from a
traditional manufacturing system to LSS system. The inte-
grated ISM and fuzzy MICMAC methods have been applied in
several fields are presented in Table 3.

Both the ISM and fuzzy MICMAC are the powerful tools to
develop a relational structural model and classify LSSEs
according to their power, hence, the hybrid ISM and fuzzy
MICMAC approach have been utilised in this study.

3.2.1. Interpretive structural modelling (ISM) and relation-
ship model development
ISM is an interactive technique in which dissimilar and dir-
ectly related factors or components of the case company are
ordered into a systematic hierarchical model recognised as a
structural model (Warfield 1974). ISM technique can be
referred as a graph theory application in which hypothetical,
conceptual and computational leverage are utilised to
develop a digraph (directed graph) or network for depicting
the contextual relationship pattern of a set of variables
(Watson 1978). Usually, the mental model is vague when

many factors are involved and it turns out to be complicated
to understand the direct and indirect relationship between
the variables. ISM provides a clear understanding of all the
factors and their association with other factors (Farris and
Sage 1975). The most favourable benefit of ISM technique is
that it changes unclear and inadequately enunciated models
of systems into visible and clear models. However, this meth-
odology is not free from disadvantages. The primary nega-
tive mark of this methodology is that of the inclination of
the individual who is judging the factors. The relation among
the factors dependably relies upon that of the individual’s
information and familiarity with the firm, its operations and
its industry. This bias can influence the finally developed
model and ISM does not give any weights related to the fac-
tors (Bhosale and Kant 2016).

The following five steps were followed in this research to
develop ISM (Farris and Sage 1975; Janes 1988).

Step 1: Identify the LSSEs: Recognise the important LSSEs
with the help of literature review, expert opinions and
brain-storming.

Step 2: Define the contextual relationship: From the fac-
tors identified in the first step, establish a contextual rela-
tionship among LSSEs and set up an auxiliary self-interaction
network (SSIM) in view of pair-wise examination of compo-
nents of the framework under consideration. The contextual
relationship is depending on the structure type such as prior-
ity, intend and mathematical dependence process, and this
provides the relationship nature amongst the variables
(Singh and Sushil 2013).

Step 3: Develop a reachability matrix: Building up a reach-
ability network from the SSIM by changing over the data in
every cell of the network from step 2 into binary digits (0
and 1) and check transitivity (that is if factor A is related to
factor B and factor B is related to factor C, then factor A is
necessarily related to factor C).

Step 4: From step 3, obtain the final reachability matrix
and then part it into different levels based on reachability
and antecedents sets for every variable through a progres-
sion of cycles known as the level partitioning.

Table 3. ISM and MICMAC/fuzzy MICMAC as reported in literature.

Field Details Literature support

Green supply chain management To analyse the influential factors on implementing green sup-
ply chain management practices.

Agi and Nishant 2017

Supply chain To analyse the sustainable supply chain manage-
ment enablers.

Dubey et al. 2017

Supply chain To develop relationship between supply chain knowledge
flow enablers (SCKFEs).

Bhosale and Kant 2016

Green Lean Six Sigma To analyse the barriers in Green Lean Six Sigma product
development.

Kumar et al. 2016

Information systems To formalise the relationships between the selected failure
factors of information systems project failure.

Hughes et al. 2016

Mass customisation To examine the enablers of mass customisation of Indian
manufacturing industries (particularly footwear industries).

Purohit et al. 2016

Risk management To analyse the supply chain risks in Indian apparel
retail chains.

Venkatesh, Rathi, and Patwa 2015

Collaborative planning, forecasting
and replenishment (CPFR)

To analyse the interactions among CPFR barriers. Panahifar, Byrne, and Heavey 2014

Medical tourism To analyse the interactions among key medical tourism ena-
blers (MTEs) and to study the direct and indirect effects of
each enabler on the growth of medical tourism in India.

Ranjan Debata et al. 2013

TQM To analyse the interactions among TQM enablers. Singh and Sushil 2013
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Step 5: After drawing a directed graph or diagraph,
remove the transitive links from diagraph based on the rela-
tionships given in the reachability matrix. Afterwards, replace
the resultant directed graph using an ISM model by substi-
tuting the variables nodes with statements.

3.2.2. Fuzzy MICMAC
MICMAC, an approach that enables a systematic analysis of
complex issues, was developed by Duperrin and Godet
(1973). MICMAC is an indirect classification method which crit-
ically analyses the scope of each component of the ISM
framework (Singh et al. 2003; Kant and Singh 2009). The goal
of MICMAC analysis is to analyse the components based on
their driving and dependency power and clustering them into
four categories: autonomous, dependent, linkage and inde-
pendent. Many researchers have utilised MICMAC analysis in a
several of fields, including knowledge management, total
quality management and supply chain management (Singh
and Sushil 2013; Singh et al. 2003; Raut, Narkhede, and
Gardas 2017). The traditional MICMAC investigation considers
just 0,1 binary type of relationships. To enhance the sensitivity
of MICMAC analysis, this study utilises fuzzy set theory (FST).

Chang and Wang (2009) and Dubois and Prade (1978)
noted that fuzzy numbers are a fuzzy subset of real numbers,
presenting the expansion of the idea of the confidence interval.
The membership function of the fuzzy set specifies the degree
to which an input belongs to a set, the output of a member-
ship function is always limited between 0 and 1, is known as a
value of grade of membership. This membership function is
used in the fuzzification and defuzzification, to map the non-
fuzzy input values to fuzzy linguistic terms and vice versa.

The given fuzzy number eA is a fuzzy set, with membership
function leAðXÞ comprises the following features:

Definition 1: leAðXÞ is a continuous mapping from R to the
interval of [0, 1].

Definition 2: leAðXÞ is a convex fuzzy subset and leAðXÞ is
the normalisation of a fuzzy subset which means that there
exists a number X0 that makes leAðXÞ ¼ 1.

The triangular fuzzy numbers (TFNs) are defined as a
fuzzy number represented by three points as TFNs
leAðXÞ ¼ A ¼ ðel; em;erÞ. The characteristics and membership
function of the TFNs are shown in Equation (1) and Figure 1.

leAðXÞ ¼

0; x � l;

x�l
m� l

; l � x � m

r�x
r �m

; m � x � r

0; x � r

8>>>>>>>>><
>>>>>>>>>:

(1)

‘A’ denotes fuzzy set, ‘x’ is a member or element of a set
A, while l,m,r are the real numbers. According to the exten-
sion principles and characteristics proposed by Zadeh (1965),
the TFNs are noted as A ¼ ðel; em;erÞ. The linguistic scale used
for the rating of alternatives is presented in Table 4.

The fuzzy values are not suitable for matrix operations;
hence, defuzzication is required for further aggregation to
replace the fuzzy numbers to the crisp value, this defuzzica-
tion is carried out using the best non-fuzzy performance
(BNP) value. To defuzzify the TFNs into best non-fuzzy per-
formance (BNP) values, the following equation is used:

BNPij ¼ r�lð Þ þ m�lð Þ½ �
3

þ l: (2)

4. Application of ISM and fuzzy MICMAC in
case company

The ISM method was used to examine and study the interac-
tions between the LSSEs. The clustering of LSSEs based on
driving and dependence power has been accomplished
using fuzzy MICMAC. Figure 2 depicts the flowchart of
applied method.

4.1. Interpretive structural modelling and relationship
model development

ISM is often used to provide the fundamental understanding
of complex situations, as it assists to decompose a compli-
cated system into several sub-systems (elements) and con-
struct a multilevel structural model using practical
experience of experts and their knowledge.

4.1.1. Structural self-interaction matrix (SSIM)
From the rigorous literature reviews, initially, total 70 num-
bers of LSSEs had been identified. The 40 most influential
enablers were obtained using examination and consultations
with the expert team of nine members. For investigating
LSSEs in creating SSIM, the contextual relationship between

l m r

1

( )A Xµ

Figure 1. Triangular fuzzy number.

Table 4. The fuzzy linguistic scale.

Linguistic terms Linguistic values

No Influence (No) (0,0,0)
Very Low Influence (VL) (0,0.1,0.3)
Low Influence (L) (0.1,0.3,0.5)
Medium Influence (M) (0.3,0.5,0.7)
High Influence (H) (0.5,0.7,0.9)
Very High Influence (VH) (0.7,0.9,1)
Complete influence (C) (1,1,1)
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a pair of enablers, and the association among two enablers i
and j were established, and the associated direction of this
relation was discussed. Following four symbols have been
used to demonstrate the direction of relationship among
enablers (i and j).

1. V: enabler i will help in achieving enabler j.
2. A: enabler j will help in achieving enabler i.
3. X: enabler i and enabler j will improve each other.
4. O: enabler i and enabler j are not related.

Where index i is for enablers in row and j is for enablers
in column. Table 5 shows the SSIM matrix of 40 LSSEs, devel-
oped as per contextual relationship among the factors and
from the expert suggestions. The following will describe the
exercise the V, A, X and O in SSIM:

� Enabler LSSE1 helps to achieve enabler LSSE40. This
means that enabler, namely ‘Top-management commit-
ment, involvement and support’ will help to achieve
enabler ‘Joint problem solving approach’. Therefore, the

relationship between LSSE1 and LSSE40 is denoted by ‘V’
and allotted to (1,40) in the SSIM matrix.

� Enabler LSS39 can be achieved by LSS40. LSS40, namely
‘Joint problem solving approach’ would help to achieve
LSS39, namely ‘Effective feedback and communication
system’. Hence, the relationship among these LSSEs is
denoted by ‘A’ in the SSIM matrix.

� LSS38 and LSS 40 help to achieve each other. LSS38, namely
‘Extending LSS to supply chain’ and LSS40, namely ‘Joint
problem solving approach’, help to achieve each other.
Thus, symbol X is allotted to (38,40) cell in the SSIM matrix.

� No relationship exists among change management (LSS6)
and extending LSS to supply chain (LSS38), and thus sym-
bol O is allotted to (6,38) cell in the SSIM matrix.

4.1.2. Initial reachability matrix (IRM)
The binary matrix presents the existence of relationship
among LSSEs. The SSIM matrix is transformed into binary
matrix called the initial reachability matrix. The SSIM was
transformed into initial reachability matrix, which is shown in

Figure 2. Integrated ISM and FMICMAC methodology flow chart.
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Table 6, by altering every V, A, X and O by binary digits 0
and 1 as per given case. The rules of substitution are as fol-
lows (Malone 1975; Farris and Sage 1975):

if the (i, j) entry in the SSIM is V, then the (i, j) entry in the
reachability matrix becomes 1 and the (j, i) entry becomes 0;

if the (i, j) entry in the SSIM is A, then the (i, j) entry in the
reachability matrix becomes 0 and the (j, i) entry
becomes 1;

if the (i, j) entry in the SSIM is X, then the (i, j) entry in the
reachability matrix becomes 1 and the (j, i) entry also
becomes 1; and

if the (i, j) entry in the SSIM is O, then the (i, j) entry in the
reachability matrix becomes 0 and the (j, i) entry also
becomes 0.

4.1.3. Final reachability matrix (FRM)
The final reachability is acquired from the initial reachability
matrix after compressing the transitivity. The transitivity of
the relationships is a fundamental supposition made in the
ISM methodology. The transitivity property assists to remove
the gaps between the criteria if any. The transitivity is
described here by presenting Figure 3; according in the case
being regarded here if LSSE A is associated to LSSE B (i.e.
AaB), LSSE B is associated to LSSE C (i.e. BaC), so LSSE A is
necessarily associated to LSSE C. e.g. LSSE3, ‘Linking LSS to
business/organisation strategy’ is associated to LSSE36,
namely ‘Linking LSS to buyer–suppliers’. LSS36, ‘Linking LSS
to buyer–suppliers’ is associated to LSS38, ‘Extending LSS to
supply chain’, thus LSS3 is necessarily associated to LSS36.
The final reachability matrix is generated after incorporating
the transitivity relationships denoted by 1�. The final reach-
ability matrix is presented in Table 7.

4.1.4. Level partitions
Level partitions are made to define the hierarchy of the vari-
ables. The reachability and antecedent set for each LSSEs are

determined from the final reachability matrix. The reachabil-
ity set for an enabler comprises the enabler itself and the
other enablers on whom it may help to impact. The ante-
cedent set comprises the enabler itself and the other ena-
blers, which may help in assisting the enabler itself. After
determining reachability set and antecedent set, intersections
between these sets are obtained against the enables. In the
event that it happens that the reachability set and the inter-
section set are the same for any enabler, then that enabler is
given to the top-level in the ISM hierarchy (Kant and Singh
2009; Sage 1977) which would not help mitigate some other
enablers over their own particular level. This indicates the
completion of iteration 1. Table 8 shows that during the first
iteration of reachability matrix, the performance measure-
ment and benchmarking practice and customer satisfaction
and delight are at Level I. In this way, it would be situated at
the top of the ISM framework. After the identification of the
top-level component, it is disposed of from the other
remaining factors, and cycle 2 is completed by following the
same strategy. This cycle of iteration proceeds until the levels
of every enabler is discovered. In the second iteration, under-
standing the customer demand, linking LSS with customer
preferences and customer-focused information and analysis
are presented. The rest interaction is presented in Table 8.
These levels help in constructing the directed graph and the
final ISM framework.

4.1.5. Developing the ISM model
The structural model is created in perspective of the level
segments of the components and the final reachability
matrix. In the event that there is a relationship between the
LSSEs i and j, this is shown by an arrow, points from i to j.
Figure 4 portrays this network, which is called a directed
graph or digraph. By removing the transitivities among the
LSSEs, the directed graph is finally changed into the ISM-
based model as indicated in Figure 5.

Table 5. Structural self-interaction matrix.

Sr. no. LSSE code 40 39 38 … 14 … 4 3 2

1 LSSE1 V V V … V … V V V
2 LSSE2 V V V … V … V V
3 LSSE3 V V O … O … V
… … … … … … …
6 LSSE6 V V O …
… … … … … …
38 LSSE38 X V
39 LSSE39 A
40 LSSE40

Table 6. Initial reachability matrix.

Sr. no. LSSE code 1 2 3 … 14 … 38 39 40

1 LSSE1 1 1 1 … 1 … 1 1 1
2 LSSE2 0 1 1 … 1 … 1 1 1
3 LSSE3 0 0 1 … 0 … 0 1 1
… … … … … … … … … …
6 LSSE6 0 0 0 0 0 1 1
… … … … … … … … … …
38 LSSE38 0 0 0 … 0 … 1 1 1
39 LSSE39 0 0 0 … 0 … 0 1 0
40 LSSE40 0 0 0 … 0 … 1 1 1

B

A

C D

Figure 3. Transitivity diagram.

Table 7. Final reachability matrix.

Sr. no. LSSE Code 1 2 3 … 14 … 38 39 40

1 LSSE1 1 1 1 … 1 … 1 1 1
2 LSSE2 0 1 1 … 1 … 1 1 1
3 LSSE3 0 0 1 … 1� … 1� 1 1
… … … … … … … … … … …
6 LSSE6 0 0 0 … 1� … 1� 1 1
… … … … … … … … … … …
38 LSSE38 0 0 0 … 0 … 1 1 1
39 LSSE39 0 0 0 … 0 … 0 1 0
40 LSSE40 0 0 0 … 0 … 1 1 1
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4.2. Fuzzy MICMAC analysis

On comparing the hierarchy of components of the ISM
framework, in the different classifications, it brings about a
rich source of information. Fuzzy MICMAC analysis is con-
ducted to obtain new insights into the dependencies exist-
ing among the LSSEs identified by the ISM technique. This
study utilises FST to enhance the sensitivity of MICMAC ana-
lysis. In fuzzy MICMAC, an additional probability of associ-
ation among the components is presented. From Table 6, we
can state that the relationship between LSSE3 and LSSE38
and LSSE3 and LSSE40 have equal significance and indicated
by 1. But actually, the relationship among these LSSEs can-
not generally be equivalent. A few relations might be strong,
some might be very strong and a few relations might
be weak.

4.2.1. Binary direct relationship matrix (BDRM)
A binary direct reachability matrix (BDRM) is developed by
analyzing the immediate relationship among the LSSEs in
the ISM as appeared in Table 7. Table 9 demonstrates the
BDRM by changing the diagonal entries to zero of the value
of Table.

4.2.2. Development of linguistic assessment direct
reachability matrix (LADRM)
The opinion from the same expert committee was drawn to
rate the relationship between two LSSEs. The qualities for the
relationship among two LSSEs were then set on the BDRM to
get a linguistic assessment direct relationship matrix (LADRM).
Table 10 demonstrates the LADRM matrix of LSSEs. The fuzzy
direct reachability matrix (FDRM) is displayed in Table 11.

4.2.3. Fuzzy MICMAC-stabilised matrix
The FDRM is taken as the base to begin the procedure. The
matrix is multiplied repeatedly up to a power until the hier-
archies of the driver power and dependence are stabilised.
The multiplication process follows the principle of fuzzy
matrix multiplication (Kandasamy, Smarandache, and
Ilanthenral 2007) rather than Boolean multiplication of matri-
ces. According to FST, when two fuzzy matrices are multi-
plied, the product matrix also becomes a fuzzy matrix. The
multiplication rule is as follows:

Fuzzy multiplication C ¼ A � Bð Þ ¼ max K min aik; bkj
� �� �

;

where, A¼ [aik] and B¼ [bkj].
The driving power of the LSSE in fuzzy MICMAC is

obtained by adding the entries of possibilities of interactions

Table 8. Level of LSSEs.

LSSE code Reachability set Antecedent set Intersection set Level

LSSE1 1 1 1 XIII
LSSE2 2,7,26,27,28,30 1,2,7,26,27,28,30 2,7,26,27,28,30 XII
LSSE3 3,9 1,2,3,7,9,26,27,28,30 3,9 XI
LSSE4 4,6 1,2,3,4,6,7,9,10,11,12,13,15,16,17,18,19,20,21,22,23,24,25,26,27,28,30 4,6 VI
LSSE5 5,32 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40 5,32 I
LSSE6 4,6 1,2,3,4,6,7,9,10,11,12,13,15,16,17,18,19,20,21,22,23,24,25,26,27,28,30 4,6 VI
LSSE7 2,7,26,27,28,30 1,2,7,26,27,28,30 2,7,26,27,28,30 XII
LSSE8 8 1,2,3,4,6,7,8,9,10,11,12,13,15,16,17,18,19,20,21,22,23,24,25,26,27,28,30 8 V
LSSE9 3,9 1,2,3,7,9,26,27,28,30 3,9 XI
LSSE10 10,17,22,23 1,2,3,7,9,10,17,22,23,26,27,28,30 10,17,22,23 X
LSSE11 11,12,20,21 1,2,3,7,9,10,11,12,17,20,21,22,23,26,27,28,30 11,12,20,21 IX
LSSE12 11,12,20,21 1,2,3,7,9,10,11,12,17,20,21,22,23,26,27,28,30 11,12,20,22 IX
LSSE13 13,18 1,2,3,7,9,10,11,12,13,15,16,17,18,19,20,21,22,23,24,25,26,27,28,30 13,18 VII
LSSE14 14 1,2,3,4,6,7,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,30 14 V
LSSE15 15,16,19,24,25 1,2,3,7,9,10,11,12,15,16,17,19,20,21,22,23,24,25,26,27,28,30 15,16,19,24,25 VIII
LSSE16 15,16,19,24,25 1,2,3,7,9,10,11,12,15,16,17,19,20,21,22,23,24,25,26,27,28,30 15,16,19,24,25 VIII
LSSE17 10,17,22,23 1,2,3,7,9,10,17,22,23,26,27,28,30 10,17,22,23 X
LSSE18 13,18 1,2,3,7,9,10,11,12,13,15,16,17,18,19,20,21,22,23,24,25,26,27,28,30 13,18 VII
LSSE19 15,16,19,24,25 1,2,3,7,9,10,11,12,15,16,17,19,20,21,22,23,24,25,26,27,28,30 15,16,19,24,25 VIII
LSSE20 11,12,20,21 1,2,3,7,9,10,11,12,17,20,21,22,23,26,27,28,30 11,12,20,21 IX
LSSE21 11,12,20,21 1,2,3,7,9,10,11,12,17,20,21,22,23,26,27,28,30 11,12,20,21 IX
LSSE22 10,17,22,23 1,2,3,7,9,10,17,22,23,26,27,28,30 10,17,22,23 X
LSSE23 10,17,22,23 1,2,3,7,9,10,17,22,23,26,27,28,30 10,17,22,23 X
LSSE24 15,16,19,24,25 1,2,3,7,9,10,11,12,15,16,17,19,20,21,22,23,24,25,26,27,28,30 15,16,19,24,25 VIII
LSSE25 15,16,19,24,26 1,2,3,7,9,10,11,12,15,16,17,19,20,21,22,23,24,25,26,27,28,31 15,16,19,24,26 VIII
LSSE26 2,7,26,27,28,30 1,2,7,26,27,28,30 2,7,26,27,28,30 XII
LSSE27 2,7,26,27,28,30 1,2,7,26,27,28,30 2,7,26,27,28,30 XII
LSSE28 2,7,26,27,28,30 1,2,7,26,27,28,30 2,7,26,27,28,30 XII
LSSE29 29,36,37,38,40 1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,36,37,38,40 29,36,37,38,40 IV
LSSE30 2,7,26,27,28,30 1,2,7,26,27,28,30 2,7,26,27,28,30 XII
LSSE31 31 1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,33,36,37,38,39,40 31 II
LSSE32 5,32 1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40 5,32 I
LSSE33 33,39 1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,33,36,37,38,39,40 33,39 III
LSSE34 34 1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,33,34,36,37,38,39,40 34 II
LSSE35 35 1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,33,35,36,37,38,39,40 35 II
LSSE36 29,36,37,38,40 1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,36,37,38,40 29,36,37,38,40 IV
LSSE37 29,36,37,38,40 1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,36,37,38,40 29,36,37,38,40 IV
LSSE38 29,36,37,38,40 1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,36,37,38,40 29,36,37,38,40 IV
LSSE39 33,39 1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,33,36,37,38,39,40 33,39 III
LSSE40 29,36,37,38,40 1,2,3,4,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,22,23,24,25,26,27,28,29,30,36,37,38,40 29,36,37,38,40 IV
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in the rows, and the dependence of the LSSE is determined
by summing the entries of possibilities of interactions in the
columns. A stabilised matrix is presented in Table 12.

5. Discussions

This analysis has sought to identify LSSEs and understand
the dependencies that exist among these LSSEs. Based on
the input obtained from a literature search and expert

opinions, 40 LSSEs were identified. An ISM model was devel-
oped to introduce the hierarchical dependencies existing
among the identified LSSEs. Then fuzzy MICMAC analysis was
carried out to cluster the identified LSSEs according to their
driver-dependency power. The results of this analysis broadly
show that the ISM network consisting 13 levels. Top-manage-
ment commitment, involvement and support’ is top level
LSSE in the ISM hierarchy. The top-management commit-
ment and support’ helps in making proper strategic planning
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Figure 4. Diagraph shows the relationship among the LSSEs.
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and direction and linking LSS to core business processes.
Top-management commitment assures funds for specialised
manpower training, financial incentives and operational
expenditure for LSS supportive hardware and software. In
the ISM model level three, LSS is linked to business/organisa-
tion strategy and LSS supportive organisational structure.
Linking LSS to business/organisation strategy feeds the link
between LSS projects and strategic goals. The LSS organisa-
tion structure defines the roles and responsibility and the
flow of information among the different levels
of management.

Linking LSS to business/organisation strategy and LSS
supportive organisational structure mutually supports each
other. Employee empowerment, linking LSS to reward and
recognition system’, LSS supportive organisational infrastruc-
ture and resources’ and education and training (understand-
ing the tools and techniques) are at fourth levels of ISM
model. These four LSSEs help to cultivate the quality-focused
environment and reciprocally assist one another. The ISM
hierarchy level five constitutes the mutually supportive LSSEs

such as team work, employee involvement and commitment,
standard operating procedures and consistent and accurate
data collection to establish better work culture for the LSS
initiatives. Whereas the level six of ISM model constitutes the
frequent communication and assessment on LSS, sharing of
project success stories and best practices, LSS supportive
knowledge management, selection and retention of staff’
and sufficient time to solve problems.

These periodic actions will guarantee that the LSS imple-
mentation programme remains on track and helps to motiv-
ate LSS initiative activities. The awareness programmes for
LSS and organisational culture and ethics’ mutually support
each other (on level seven in ISM hierarchy), by the overall
employees involvement. Continuous improvements enforce
change in organisational culture and ultimately help to sat-
isfy the customer demands. The change management and
project management assist each other and constitute at
level eight.

The change management helps to achieve organisational
readiness for LSS and project management helps to achieve
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Figure 5. ISM-based model of LSSEs.

Table 9. Binary direct reachability matrix.

Sr. no. LSSE code 1 2 3 … 14 … 38 39 40

1 LSSE1 0 1 1 … 1 … 1 1 1
2 LSSE2 0 0 1 … 1 … 1 1 1
3 LSSE3 0 0 0 … 1 … 1 1 1
… … … … … … … … … … …
6 LSSE6 0 0 0 … 1 … 1 1 1
… … … … … … … … … … …
38 LSSE38 0 0 0 … 0 … 0 1 1
39 LSSE39 0 0 0 … 0 … 0 0 0
40 LSSE40 0 0 0 … 0 … 1 1 0

Table 10. Linguistic assessment direct reachability matrix.

Sr. no. LSSE Code 1 2 3 … 14 … 38 39 40

1 LSSE1 0 H VH … H … VH H H
2 LSSE2 0 0 H … H … M H H
3 LSSE3 0 0 0 … M … VH VH M
… … … … … … … … … … …
6 LSSE6 0 0 0 … M … VH VH VH
… … … … … … … … … … …
38 LSSE38 0 0 0 … 0 … 0 H VH
39 LSSE39 0 0 0 … 0 … 0 0 0
40 LSSE40 0 0 0 … 0 … H H 0
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effective scheduling of LSS activities. All the nine levels of
ISM model assist towards successful LSS implementation. The
next level of ISM model assists the buyer and supplier with
the LSS activities, namely linking LSS to buyer-suppliers, sup-
plier relationship management, extending LSS to supply
chain, joint problem-solving approach and sharing financial
benefits among employees due to LSS. At level 11, the
effective feedback communication system and customer rela-
tionship management are presented. These both LSSEs assist
each other and help to improve the experience of the cus-
tomer, add value, remove waste and construct long-term
customer value. The level 12 constitutes understanding the
customer demand, linking LSS with customer preferences
and customer-focused information and analysis. All of these
LSSEs ultimately help to archive customer satisfaction and
delight and performance measurement and benchmark-
ing practices.

From fuzzy MICMAC analysis, LSSEs were grouped into
four dimensions: autonomous, dependent, linkage and inde-
pendent (refer Figure 6). The autonomous LSSEs have weak
driving power and weak dependence power. The cluster of
dependent LSSEs has weak driving power but strong
dependence power. The linkages LSSEs have strong driving
power and strong dependence power. And the fourth cluster
of independent LSSEs has strong driving power and weak
dependence power. The results of fuzzy MICMAC analysis are
presented in the following subsections.

5.1. Autonomous LSSEs

Autonomous LSSEs have weak driving power and also have
weak dependence power. The autonomous LSSEs are rela-
tively disconnected from the system, as they have only a few
links, which may not be strong. Therefore, they do not have
the huge effect on the system. The results indicate that no
autonomous LSSEs exist in this analysis. No autonomous
LSSEs show that all studied LSSEs are significant, that is, they
are not disconnected from the system. All LSSEs considered
in this analysis have influence on the successful LSS
implementation.

5.2. Dependent LSSEs

The dependent LSSEs have weak driving power but strong
dependence power. From cluster of LSSEs, project manage-
ment (LSSE4), performance measurement and benchmarking
practices’ (LSSE5), change management (LSSE6), developing
organisational readiness for LSS (LSSE8), awareness pro-
gramme for LSS (LSSE13), effective scheduling of LSS activ-
ities (LSSE14), quality driven company/organisational culture
and ethics’ (LSSE18), financial benefits sharing among
employee’s due to LSS (LSSE29), linking LSS with customer
preferences (LSSE31), customer satisfaction and delight
(LSSE32), customer relationship management (LSSE33), cus-
tomer focused information and analysis (LSSE34), under-
standing the customer demand (LSSE35), linking LSS to

Table 11. Fuzzy direct reachability matrix.

Sr. no. LSSE code 1 2 3 … 14 … 38 39 40

1 LSSE1 0 0.7 0.9 … 0.7 … 0.9 0.7 0.7
2 LSSE2 0 0 0.7 … 0.7 … 0.5 0.7 0.7
3 LSSE3 0 0 0 … 0.5 … 0.9 0.9 0.5
… … … … … … … … … … …
6 LSSE6 0 0 0 … 0.5 … 0.9 0.9 0.9
… … … … … … … … … … …
38 LSSE38 0 0 0 … 0 … 0 0.7 0.9
39 LSSE39 0 0 0 … 0 … 0 0 0
40 LSSE40 0 0 0 … 0 … 0.7 0.7 0

Table 12. Fuzzy MICMAC stabilised matrix.

Sr. no. LSSE Code 1 2 3 … 14 … 38 39 40 Driving

1 LSSE1 0 0.9 0.9 … 0.9 … 0.9 0.9 0.9 34.7
2 LSSE2 0 0 0.9 … 0.9 … 0.9 0.9 0.9 33.4
3 LSSE3 0 0 0 … 0.9 … 0.9 0.9 0.9 28.8
… … … … … … … … … … … …
6 LSSE6 0 0 0 … 0.9 … 0.9 0.9 0.9 13.3
… … … … … … … … … … … …
38 LSSE38 0 0 0 … 0 … 0 0.9 0.7 9.7
39 LSSE39 0 0 0 … 0 … 0 0 0 4.6
40 LSSE40 0 0 0 … 0 … 0.9 0.9 0 9.9

Dependence 0 4.6 7 … 23.2 … 28.8 30.6 28.6
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buyer–suppliers (LSSE36), supplier relationship management
(LSSE37), extending LSS to supply chain (LSSE38), effective
feedback and communication system (LSSE39) and joint
problem solving approach (LSSE40), have weak driving
power but strong dependence power on other LSSEs and
are more performance orientated. They are seen at the top
level of the ISM hierarchy (refer Figure 5), hence regarded as
vital LSSEs. Their strong dependence power indicates that
they require all other LSSEs to come together for overcoming
the LSS implementation challenges. The model will be bene-
ficial for the organisations which are striving LSS implemen-
tation. The top-management has to accord high priority in
accomplishing these LSSEs.

5.3. Linkage LSSEs

Linkage LSSEs have high driving power and also have high
dependence power. The linkage LSSEs are unstable, therefore
any alteration occurring to these LSSEs will influence the
other LSSEs and furthermore feedback affects themselves.
The result of fuzzy MICMAC analysis shows (refer Figure 6)
that there are no unstable LSSEs among all the 400 LSSEs
adopted in this analysis. The linkage LSSEs are affected by
lower level LSSEs and successively influence other LSSEs in
the model, which may affect the successful LSS implementa-
tion in a positive or negative way. The special care has to be
taken while dealing such LSSEs.

5.4. Independent LSSEs

Independent LSSEs have high driving power and low
dependence power. These LSSEs are more strategic in orien-
tation. The results show the top-management commitment,
involvement and support’ (LSSE1), strategic planning and
direction’ (LSSE2), linking LSS to business/organisation strat-
egy (LSSE3), linking LSS to core business processes (LSSE7),
LSS supportive organisational structure (LSSE9), LSS support-
ive organisational infrastructure and resources (LSSE10), con-
sistent and accurate data collection (LSSE11), standard
operating procedures (LSSE12), LSS supportive knowledge
management (LSSE15), frequent communication and assess-
ment on LSS result (LSSE16), Linking LSS to reward and recog-
nition system (LSSE17), selection of staff and retention of staff
(LSSE19), employee involvement and commitment (LSSE20),
team-work (LSSE21), employee empowerment (LSSE22), edu-
cation and training (understanding the tools and techniques)
(LSSE23), sufficient time to solve problems (LSSE24), sharing
of project success stories and best practices (LSSE25), funds
for specialised manpower training (LSSE26), funds for financial
incentives (LSSE27), funds for operational expenditure
(LSSE28) and funds for LSS supportive hardware and software
(LSSE30) have high driving power and low dependence
power. The existing of strong dependence power indicating
that change in these driving LSSEs has a significant effect on
ISM network. The driving LSSEs are key variables for control-
ling the ISM hierarchy. In ISM network they are at the bottom
level of ISM hierarchy as depicted in Figure 5. These LSSEs are
more strategic in orientation, a root cause of all LSSEs and

important and ever push the organisation to successful LSS
implementation. The top-management should formulate the
strategy to apply these driver LSSEs for the successful LSS
implementation.

LSS is the method to realise the improvements. The top
management’s long term thinking (philosophy), process
improvements and data management, employees and stake-
holder involvement and their growth, continuous improve-
ments, problem solving and learning are necessary for
sustainable LSS implementation for both manufacturing and
service industries (Piercy and Rich 2009; Geier 2011; Sony
and Naik 2011). Recently, Arcidiacono et al. (2016) developed
the AMSE (Assessment, Monitoring, Sustainability, Expansion)
model to deal with the LSS sustainability over the time. The
organisation needs to adopt the holistic view of the business,
holistic improvement methods and establishing an integrated
project management system to successfully pursue the LSS
system. Holistic improvements define as ‘An improvement sys-
tem that can successfully create and sustain significant
improvements of any type, in any culture for any business’
(Snee 2008, 2009a, 2009b). When this holistic improvement
embedded in the organisation’s business, it can achieve better
LSS sustainability. The critical components of this embedding
are development of process management system, focus on
operational excellence rather than only training, make com-
munication as the key priority, cultivate the culture of continu-
ous improvements by everyone’s involvement, improvements,
learning and innovation, align reward and recognition with
LSS objective, make documents of LSS easy and simple to
understand, involve the customer’s voice and feedback for
process improvements and measurement, make celebrating
success a priority and revise job descriptions as per LSS goal
and requirements (Kleindorfer, Singhal, and Wassenhove 2009;
Sony and Naik 2011; Geier 2011; Arcidiacono et al. 2016).

6. Concluding remarks and managerial implications

The key objectives of this study are to determine and rank
LSSEs and to examine the interactions among LSSEs which
assist in the successful LSS implementation in the manufac-
turing organisations of India. The integrated ISM and fuzzy
MICMAC framework have been built-up to identify the inter-
actions among LSSEs so that management may lay stress on
those LSSEs which are more effective for the successful LSS
implementation. The driver-dependence diagram assists in
clustering and collecting LSSEs together in terms of driving-
dependence power. By carrying out literature review and
gathering expert opinions, 40 LSSEs have been identified.
LSS offers significant benefits to the organisations. However,
the LSS initiatives are lower in developing country like India.
The most significant 40 LSS implementation LSSEs have been
identified in this study. The information of the vital LSSEs
and the strategy to improve/archive these are of critical
importance for organisations that are considering LSS imple-
mentation. Many of the organisations experience the scarcity
of resources. The identification of most significant LSSEs
assists managers to concentrate those scarce resources on
the most imperative factors. In this analysis, ‘Top-
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management commitment, involvement and support’ is iden-
tified as the most dominant LSSE. Top-management commit-
ment, involvement and support’ ensures the human resource
support, financial support and fund availability, helps in
removing obstacles and regularly reviewing LSS project pro-
gress, ensures recognition and rewards for participants. The
transformation of the conventional manufacturing system to
LSS system is the complex task. It is recommended that prac-
titioners begin with small-scale LSS project and gradually
adopt LSS on full-scale over time. Management requires
teaching every associate about the benefits of LSS imple-
mentation for successful LSS implementation.

The LSS demands some substantial investment of organ-
isation in creating various assets, generating resources, hard-
ware and software purchase, preparation materials,
consultation service, organisation rewards and reorganisation
system, Master Black Belt (MBB), Black Belt (BB) and Green
Belt (GB) training and others to build up and sustain the cul-
ture. All the LSS activities should be prioritised with organ-
isation’s other curricula and quality programmes by
practising the strategic planning. To feed the link between
LSS projects and strategic goals, continuous improvement
principles need to be incorporated into the business strat-
egy. Also, it is necessitated seeing the organisation’s pre-
paredness for LSS implement activities. The LSS champions
and leaders need to prepare the customised roadmap and
can guide the organisation about deployment and imple-
mentation process. Frequent communication will be required
consistently at various levels, such as top-level management,
leadership review and the state of every project.

As LSS should be observed as a cultural shift, in order to
cultivate the quality-focused culture throughout the organ-
isation, certain recognition and reward system shall be
implemented. Effective LSS implementation requires provid-
ing training to employees to identify waste, focusing on
team-work, determining the causes and empowering people
to implement changes. The measurement of benefits in
terms of performance, finical measurement before and after
LSS implementation, quality practices, project success stories
and benchmarking practice should be shared with employ-
ees to enhance the visibility of LSS activities and help in
building the culture. Linking LSS to buyer–suppliers is
needed for successful LSS implementation. Extending LSS to
supply chain accomplished customer satisfaction relating
delivery, quality and cost.

The outcomes suggest a tight interrelationship among
many of listed LSS enablers and feature the multidimensional
nature of LSS implementation. It is apparent that no single
LSSE would lead to achieving LSS implementation; hence, it
becomes more important to recognise the relationship of
LSSEs with each other. In ISM frameworks, the association
among the two LSSEs is indicated by a binary number.
Nevertheless, the association among LSSEs cannot be con-
stantly equivalent, a few relations might be strong, some
might be very strong and some relations might be better. To
beat this limitation of ISM method the fuzzy relationship is uti-
lised to forecast the association among LSSEs. ISM framework
(Figure 5) recognises the hierarchy of actions to be taken by

practitioners to maximise the impact of these LSSEs for suc-
cessful LSS implementation. The practitioners require focusing
on these LSSEs more cautiously during LSS implementation in
their organisations. The fuzzy MICMAC analysis demonstrated
the clusters of LSSEs which consideration by practitioners as
per their driving and dependence power. No autonomous, no
linkage, 18 dependent and 22 independent LSSEs have been
determined in the fuzzy MICMAC analysis. The diagram
appeared in Figure 6 has identified the key LSSEs associated
with high driving power and thus influence over other ena-
blers in the framework. These are situated at the lower level
of the ISM model. The practitioners should focus on those
LSSEs which have higher driving power because these LSSEs
should be emphasised for successful LSS implementation. The
driver LSSEs are the root cause for other LSSEs which have
higher dependence power. These key driver LSSEs assist top
management to formulate the strategy for enhancing their
effects during successful LSS implementation. By putting more
efforts towards improving independent LSSEs, other enablers
may be worked upon and will play a vital role in the success-
ful LSS implementation. The dependent enablers are located
at the top level in the digraph. In practice, it implies that
these enablers will be easily archived if the linked enablers
lower in the model are subject to successfully achieved.

The key contribution of this analysis is the development
of LSSEs’ contextual relationships through a systematic
framework. The results of this study can help to make the
strategic and tactical decisions in organisations to move
from a traditional manufacturing system to LSS system.

7. Limitation and future scope

One major limitation of this study is the exploratory nature
of this study and a single case example. The developed
model is highly judgmental based on the experts’ opinions.
Hence, any bias in judgment will influence the final result.
The ISM methodology does not consider the relationship
strength in a quantitative way. Rather, it is intended at iden-
tifying the dependent/independent factors of a complex
problem. To overcome these limitations, the scope for future
research can be mainly the quantitative way, to gauge the
strength of the relationship in place. Also, measurement of
these LSSEs and their interrelationships possibly may be car-
ried with future by selecting Analytical Hierarchy Process
(AHP), Analytical Network Process (ANP), SWOT analysis and
decision-making trial and evaluation laboratory (DEMATEL)
methodology within multiple industrial sectors. Also, statis-
tical validation may be carried out with the help of a ques-
tionnaire-based survey concentrating on a particular sector.
Furthermore, the suggested model validity can be tested
using Structural Equation Modeling (SEM) or Systems
Dynamics Modeling (SDM).
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