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 Recently, Lean Six Sigma (LSS) has attracted much attention from both researchers and 
practitioners. In fact, many published papers used a quantitative research methodology to build 
and test theory in the field of LSS implementation in manufacturing area. Very few studies have 
been reported about the critical success factors influencing of six sigma implementations. The 
aim of this study is to present the results, from an empirical evidence, of Six Sigma 
implementation in Tunisian manufacturing. Therefore, fourteen main factors have been 
identified through literature review and questionnaire survey. Interpretive structural modeling 
(ISM) has been used to develop a hierarchical structure for analyzing the interactions among the 
key factors. By using the MICMAC technique, the barriers were classified into four groups 
according to their driving power and dependence power. Our finding provides important insight 
to managers and practitioners about factors in the LSS implementation process. 
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1. Introduction 

Lean Six Sigma is considered as a business strategy adopted by companies to ensure the quality improvement within 
organization. The implementation of this concept was first developed by Motorola in the 1980s. Since, large multinational 
companies such as General Electric, Allied Signal, Texas Instrument, Sony and others firms have implemented it 
successfully in order to assure the growth of customer expectations and to reduce the unnecessary wastes and production 
costs. Kwak and Anbari (2006), Snee (2010) and Wilson (2009) confirmed that applying lean or Six Sigma or both methods 
implies the progression of performance in many organizations by reducing costs, improving productivity and reducing their 
cycle times. However, Coronado and Antony (2002) stated that, not all firms can reach the same benefits. These findings 
make Six Sigma implementation a fundamental process, where the success factors must be recognized primarily. During 
the implementation, some techniques and tools are required to be used such as statistical process controls and DMAIC 
(Define-Measure-Analyze-Improve-Control) technique with the support of top management (Breyfogle 2003). The 
objective becomes to improve the performance of the implementation of Six Sigma method considering the elimination of 
the existing defects and variability in the business processes. Byrne (2003) stated that many companies that adopt the Six 
Sigma method are failing because they have not established the suitable key elements to guarantee their success. Oke (2012) 
noted that it was important to understand the features and limitations of the Six Sigma method, which allows managers to 
better control their strategic orientations, coaching and training needs. Therefore, this study presents a framework of the 
different key success factors used during the implementation of six sigma program. This permits to managers to guarantee 
their organizations performance depending on their organizational needs. The aim of this paper is to identify and propose a 
framework of the key factors required for a successful implementation of lean six sigma methodology. First, a summary of 
literature review of the utilization of critical success factors of lean six sigma during the last years is presented in the second 
section. Then, factors are cited and discussed in section three. Moreover, we presented our proposed methodology of 



 206

implementation of the six sigma program in section four. Then, in section five, we presented the findings of the proposed 
methodology and the results are discussed underlying comparisons between lean six sigma key factors used in literature. 
Finally, conclusions and future researches are presented in the last section. 

1.1 Research Gaps 

In a Global, increasingly open, integrated, and borderless international economy, the Tunisian enterprises should apply 
different quality programs, especially LSS, to be more competitive. In the beginning, LSS and SS are implemented within 
large companies but, over time, even the small and medium enterprises feel a need for this implementation. Besides, the 
employment of LSS and SS requires some of factors associated with the size and availability of the resources. Even though, 
much attention is addressed to the LSS and SS implementation field, but less research work has been carried out using an 
interpretive structural modeling (ISM) approach. Hence, in the present purpose, a novel research of identifying and 
modeling the critical key factors for the LSS in the Tunisian SMEs has been performed. The aim of this study is to examine 
the critical success factors that condition successfulness of LSS implementation in manufacturing for SMEs. 

2. Literature survey and factors identification 

Lean Six Sigma methodology is adopted and applied in many organizations. Today, it is not considered as a new concept 
for quality improvement in terms of providing benefits to manufacturing and industrial firms. The objective is to formulate 
a structured framework and a strong managerial support which guarantee a successful performance implementation within 
these organizations. The combination of Lean and Six Sigma methodologies have been cited in several works because 
together, they provide the necessary tools to achieve improvements with effective results even significantly better than that 
the expected if theywere applied alone (Smith 2003). Some authors considered that applying Lean and Six Sigma separately 
is not efficient such as Harrison (2006). Others confirmed the benefits of combining Lean and Six Sigma methodologies 
like Koning et al. (2006). When the LSS program is adopted, it is vital to start by identifying success factors for organizations 
and the variables that could influence the results of the methodology. In literature, authors observed several success factors 
for Six Sigma that have been presented underlying their important role in successful implementation of Six Sigma such as 
the works of Antony and Banuelas (2002), Coronado and Antony (2002), Antony et al. (2005), Kwak and Anbari (2006), 
Antony (2011), Snee (2010), Brun (2011), Zailani and Sasthriyar (2011) and Prieto-avalos et al. (2014). Once these factors 
are taken into consideration, the organization will follow the appropriate way of implementing six sigma. The known factors 
in literature are essentially top management involvement and commitment, education and training, skills, communication 
process, linking Six Sigma to suppliers, linking Six Sigma to customer, cultural change, rewards and understanding the 
tools and techniques. The findings of the six sigma program cannot be successful in all cases. Some fails are mentioned in 
the literature during the last years. Studies that are developed and admitted the benefits of applying six sigma methodology 
in many fields are presented in different ways. Zailani and Sasthriyar (2011) cited that Six Sigma method plays a primordial 
role to solve problems and ensure good quality of service. Wang et al. (2004), Knowles et al. (2005) and Chappell and Peck 
(2006) studied whether the Six-Sigma methodology is applied usefully to measure and improve the performance of the 
whole supply network. In the same context, Wang et al. (2004) provided an application guideline for the improvement and 
the control of quality in supply chain management for some suppliers of a PC manufacturer. In addition, several 
organizations obtained results having gaps between the six sigma success and operational performance which indicates that 
reaching the objective of success implementation must be maintained by a managerial support which defines the essential 
critical factors during the six sigma process. Several works on key success factors of lean six sigma uses in manufacturing 
services showed that there is a part of firms that failed to reach success in their implementation process. 

Zailani and Sasthriyar (2011) studied the relationship between the critical factors for the implementation of Six-Sigma 
programs in Malaysia.Hamid (2011), Jayaraman et al. (2012) criticized the way that firms have to follow in order to reach 
the desired objective. Jeyaraman and Teo (2010) and Gorantiwar and Shrivastava (2014) stated that it is crucial to define 
the key success factors of lean six sigma implementation in relation with its operational performance and organizational 
performance. Psychogios et al. (2012) presented that important difficulties that slow down the implementation process, such 
as, absence of consciousness for lean six sigma, absence of consciousness for the necessity of continuous quality 
improvement programs, absence of strategic policies and working personality. These factors have to be considered as 
powerful force to the success of lean implementation including comprehensive training programs, teamwork and top 
management commitment (Piercy and Rich 2009). Experts agreed that some key factors must be identified and taken into 
account when applying the Six Sigma program in any company in order to guarantee the success of its implementation. 
Coronado and Antony (2002) and Antony and Banuelas (2002) stated that attention must be drawn to the critical ingredients 
of Six Sigma in order to have a successive implementation. In this section, we outline the necessary critical factors leading 
to a successful six sigma project. It is essential to identify the weights of these factors and the relationship between them 
based on previous studies such as the works of Pande et al. (2000), Henderson and Evans (2000), Eckes (2001), and Antony 
and Banuelas (2002). Based on various works dealing with the adoption of lean six sigma method, we record, in what 
follows, the most important of these factors. 

2.1 Management involvement and commitment 

It is considered as the important key of success for a six sigma program. It is based on the fact that the top management and 
the participation of leadership in all stages implies better implementation. Harry and Schroeder (2005) stated that managers 
should make a serious commitment during the Six Sigma procedure. Laureani and Antony (2012) indicated that any 
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successful initiative program such as Six Sigma needs top management involvement and provision of appropriate resources 
and training. Six sigma requires the optimal use of resources and efforts of top management in order to restructure the 
business procedures. Without serious management involvement and commitment, the outcomes of the program will be in 
doubt (Pande et al. 2000). Management involvement is strongly related to the quality, performance and the implementation 
of six sigma programs. Under such conditions, employees change their attitudes and contribute efficiently to establish their 
required tasks. Thus, a successful Six Sigma is reached when the organization guarantees the optimal allocation of resources, 
workforce, effort, time and money. 

2.2   Cultural change 

Once the organization adopted the idea of a six sigma program, top managers will introduce new ideas and methodologies 
within an organization. Thus, employees will be invited to stand by all changes. They must understand their need for change 
(Albliwi et al., 2015). Zailani and Sasthriyar (2011) studied the relationship between the key factors in some electronic 
companies in Malaysia and they revealed that cultural change was the highest variable. Necessary education rules are 
provided to employees progressively which leads to the development of the organization in several areas. In order to reach 
the desired success, top management leaders introduce cultural changes positively by the creation of knowledge 
management concept, overcoming resistance, following an efficient communication plan, motivating and monitoring during 
the six sigma implementation. Chakraborty and Tan (2007) stated that the company must accept that Six Sigma is an agent 
of change and its culture and values must adjust consequently. Thus, people facing this cultural change and challenges must 
understand this requirement. 

2.3  Communication 
 

Six Sigma is an approach that focuses on the quality of the planned projects. Thus, higher levels of communication are 
required for the successful implementation of its program. This was confirmed by Coronado and Antony (2002) and Ho et 
al. (2008). Since Six sigma includes the organizational infrastructure, employees should communicate with a unified 
language (Antony, 2006, Henderson & Evans, 2000). For this reason, the lean six sigma may require strong communication 
networks to be established. Therefore, it is recommended that one of the important priority of the organization is to give a 
degree of communication between the employees understanding their objectives and respecting the basic rules of both their 
responsibilities and roles. 

2.4 Linking Six Sigma to business strategy 
 

The Six Sigma methodology must be strongly linked to the strategy implemented by the organization defining appropriately 
any action or decision. Pande et al. (2000) states that It needs to be clear how Six Sigma projects and other activities are 
related to customers, core processes and competitiveness. Since any organization has as primordial objective making 
benefits, Six Sigma projects improve the business processes by facing variability which leads to high defect rate, high 
rework rate, low productivity, etc. (Antony & Banuelas 2002). 

2.5  Linking Six Sigma to human resources 
 

In practice, it is evident that human resources have a major influence on the results of implementation of Lean Six Sigma 
through their actions and behavior (Zailani and Sasthriyar 2011, Shah and Ward 2003, Brun 2011). It is necessary to link 
human resources to Six Sigma in order to reach the expected synergy and collectivity between employees towards the 
accomplishment of organizational goals. Henderson and Evans (2000), Antony and Banuelas (2002) andWyper and 
Harrison (2000) stated that linking this methodology to human resources will ease the implementation and culture change, 
sustain the result and achieve a respectable behavior from the employees and concerned human resources associated with 
the organization. 

2.6  Education and training 
 

Several authors considered education and training as one of success factors of six sigma program such as Henderson and 
Evans (2000), Kwak and Anbari (2006) and Brun (2011). It is important for employees to understand the fundamentals of 
this technique in order to adopt it and apply it effectively. Top managers should apply an appropriate and continuous training 
system that leads to an optimal structured pyramid within an organization. George (2002) described the structure of training 
that should be applied within any organization like master black belt, black belts and green belt that collaborate to guarantee 
the increase of company performance. Also, Ingle and Roe (2001) stated that the employees have to fill out an application 
form to demonstrate how they succeeded training and practice of Six Sigma. 

2.7  Reward and recognition system 
 

This tool is performed by motivating employees in order to improve the global productivity within an organization. 
According to Antony et al. (2014), the development of a reward system has a direct influence on the outcome of a LSS 
project. Employees are rewarded in different ways and the rate of recognition is important in terms of promoting certain 
morals. Ahlstrom (1998), Scherrer et al. (2009) and Ho et al. (2008) stated that it is essential to ensure that the organization 
is able to effectively implement LSS and admitted that reward and recognition system encourage the employees to 
participate in projects that lead to improve quality and sustain results. 
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2.8  Organization infrastructure 
 

An optimal assignment of employees to the right tasks is required during the six sigma program implementation. Henderson 
and Evans (2000) illustrated in their findings that organizational infrastructure is an important factor for the success of 
implementation of LSS. It is also important to take into account the requirements related to the software support and the 
information technology used for obtaining high quality of the six sigma program. As Harry and Schroeder (2005) described, 
organizational infrastructure should be functional in any organization starting from the top managers, the champions, 
followed by the formation of master black belts, black belts, green belts and other team members who are individuals who 
support specific projects in their area. 

2.9 Linking Six Sigma to the customer 
 

This factor is mentioned in several papers and it is important while implementing six sigma projects (Harry and Schroeder 
2005, Pande et al. 2000). The customers’ behavior should be studied properly and linked to six sigma projects. Antony and 
Banuelas (2002) divided this factor into two steps: the first one includes identifying the core process, the key outputs of 
these processes and the variation of costs or profits and the second one includes identifying and defining the customer needs, 
requirements, and expectation. 

2.10 Linking Six Sigma to suppliers 
 

This factor includes identifying the long-term relationship between the organization and suppliers to ensure the quality of 
goods and services. Several authors suggested to maintain a small number of suppliers and link such as Harry (1998) and 
Harry and Schroeder (2005). It is advisable to maintain small supplier base because it improves product quality and 
productivity of buyers by encouraging enhanced supplier commitment to product design and quality. Also, Henderson and 
Evans (2000) suggested that linking Six-Sigma strategy to a small number of suppliers helps to improve the quality and 
avoids the delivery problems. Effective Linkage motivates suppliers to become partners in the buying strategy of the firm. 
They can also help purchasers to procure the materials and parts that can be used most efficiently (Sandholm and Sorqvist 
2002). 

2.11 Understanding tools and techniques of six sigma methodology 
 

Employees are invited to understand and apply the instructions of six sigma procedure during their training. In this way, 
they can innovate and find new techniques of improvement. Choo et al. (2007) stated that, to be effective, training in quality 
subjects should underline the techniques of problem solving, effective communication, and statistical process control. Also, 
Eckes (2001) and Ingle and Roe (2001) confirmed that sustaining improvement effort within an organization requires the 
continuity of workforce training in tools and techniques. Thus, it helps employees to be effective participants in the 
improvement of the organization. 

2.12 Project management skills 
 

It is used as a beneficial factor for the success of Six Sigma methodology by several authors such as Kwak and Anbari 
(2006), Brun (2011) and Antony and Banuelas (2002). To make Six sigma projects successful, it is important to define the 
number of the black belts and then the master black belts. This task must be selective to reach a high level quality at the end 
of each project. According to Antony and Banuelas (2002), team members must have project management skills in order to 
meet the deadlines and milestones. Eckes (2001) confirmed that one of the reasons of the failure in Six Sigma projects are 
the poor project management. 

2.13 Project prioritization and selection 
 

According to Sandholm and Sorqvist (2002), the prioritization and selection of projects must be selected, evaluated, and 
improved during the Six-Sigma implementation. This factor is required in the organization because unsuccessful selected 
and defined projects may cause delayed results and high risk of blocking (Pande et al. 2000). Some previous works showed 
that in the back belt training program, project team leader and members should learn tools and techniques in effective project 
management (Eckes 2001). 

2.14 Involvement of employees 
 

Zakuan et al. (2010) stated that companies are considering that employee involvement is critical to reach better quality 
performance. Lyons et al. (2011) considered that employee should be involved in order to establish a common workforce 
understanding about what is to be achieved at an organization level. With this way, organizational objectives become 
associated with the employees fixed measures, their skills, and their development plans. 

3. Research methodology 
 

3.1  Data collection 
 

Data used in this paper were collected through a questionnaire survey to examine the relationship between the listed factors 
of six sigma implementation. A questionnaire was prepared covering the 14 CSFs as illustrated in Table 1. From 120 
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distributed questionnaires, we received feedback from 84 (70%) respondents. The demographics analysis of the 
questionnaires provided the flowing results: The distribution of the sample of enterprises according to the number of 
employees is given by : The major part of enterprises had between 50 and 150 employees (71.42%), 19.04% of enterprises 
responded had between 150 and 250 employees and 9.52% had less than 50 employees. For the position occupied by the 
respondents: Project Champions (7.14%), black belts (47.6%), and (45.23%) for green belts or yellow belts who have first-
hand knowledge and expertise with the six sigma program. Concerning the type of industries participated in this study is 
distributed as follow:36 respondents from textiles (42.85%), 28 in food-processing (33.33%) and 20 in plastics (23.8%). 
The reliability of the questionnaires confirmed based on calculation of Cronbach’s alpha coefficient, which for all factors 
in this study was larger than 0.7, indicating an acceptable level of reliability of the factors. 

3.2  ISM methodology 
 

ISM uses an interpretive approach (based on the judgments of the experts from the industry and academia) for identifying 
and summarizing the contextual relationship among the different and directly related identified factors of an issue or a 
problem (Sage 1977; Warfield 1974). This methodology is widely used by researchers for exploring direct and indirect 
association among the identified variables of various fields in a simplified way. In fact, ISM has been applied successfully 
in a number of areas like green supply chain management (Ben Mabrouk, 2020; Ben Mabrouk et al., 2020; Majumdar & 
Sinha, 2019; Agi & Nishant 2017 ), sustainable supply chain (Shibin et al., 2017; Hussain et al., 2016), third party logistics 
(Govindan et al., 2012), cloud computing adoption (Raut et al., 2017), Risk Management of Supply chain (Sajid et al. 2017). 
The various steps involved in the ISM technique are illustrated as follow: 

 Step 1: Factors for the system under consideration are listed; 
 Step 2: Contextual relationship is established among factors with respect to which pairs of factors would be 

examined; 
 Step 3: A Structural Self-Interaction Matrix (SSIM) is developed for factors, which indicates pairwise relationships 

among factors of the system under consideration; 
 Step 4: Construct the Initial Reachability Matrix (IRM) and the Final Reachability Matrix (FRM); 
 Step 5: Partitioning of reachability matrix into different levels;  
 Step 6: A digraph is drawn and the transitive links are removed based on the relationship given in the above 

reachability matrix; 
 Step 7: Converting the resultant digraph into an ISM by replacing element nodes with statements;  
  Step 8: Reviewing the ISM model to check for conceptual inconsistency, and making the necessary modifications. 

 

The general framework of the ISM procedure is given in Fig. 1. 

 
Fig. 1. Interpretive Structural Model framework 
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Identification of factors 

A set of fourteen factors were identified from an extensive literature survey of past research studies for the LSS 
implementation in the manufacturing context (Table 1). The feed-back of the experts among the mentioned questionnaire 
are strongly aligned with the factors identified from the literature survey. 

Development of Structural Self-Interaction matrix (SSIM) 

The SSIM is formulated from the interrelationship among the fourteen critical factors presented in Table1, which indicates 
the pairwise relationship between elements of the system. Four symbols (V, A, X and O) were used for denoting the 
relationship between factors i and j. V: Factor i will lead to factor j and not in both directions; A: Factor j will lead to factor 
i but not in both directions; X: Factor i and j will lead to each other; O: no relation between the factors (Table 2). 

Reachability Matrix 

The initial reachability matrix (IRM) is developed from SSIM as shown in Table 3 using the following rules: If the (i, j) 
entry of SSIM is V, then (i, j) and (j,i) entries in the reachability matrix are equal to 1 and 0, respectively. If the (i, j) entry 
of SSIM is A, then (i, j) and (j,i) entries in the reachability matrix are equal to 0 and 1, respectively. 
 If the (i, j) entry of SSIM is X, then (i, j) and (j,i) entries in the reachability matrix  are both equal to 1. If the (i, j) entry of 
SSIM is O, then (i, j) and (j,i) entries in the reachability matrix are both equal to 0. 

The final reachability matrix (FRM) is obtained from the initial reachability matrix by adding transitivity. The transitivity 
of the contextual relation is a basic assumption made in ISM, which states that if the variable A is related to B and B is 
related to C, then A is necessarily related to C, where entry (A, B) should be equal to 1 in the FRM, otherwise (A, B) = 0 
(Malone 1975). From the IRM, we can obtain the final reachability matrix (FRM) by applying the following Boolean 
algorithm: 0+0 = 1; 0+1 = 1; 1+0 = 1; 1 + 1 = 1 and 0 × 0 = 1; 0 + 1 = 0; 1 × 0 = 0; 1 ×  1 = 1. FRM = (IRM + I)n, n > 1. 

Where: IRM is the initial reachability matrix, I is the identity matrix of ordern. By using the Boolean algorithm, FRM = 
(IRM + I)n = I + IRM + IRM2 +… +IRMn (Shen et al. 2016). The dependence and driving power of each factor is also 
indicated as shown in Table 4. These driving power and dependencies are then used in the MICMAC analysis. 

 

Table 1  
Factors influencing LSS implementation 

No Factors References 
1 Management involvement and 

commitment 
Harry and Schroeder (2005), Pande et al. (2000), Laureani and Antony (2012) 

2 Cultural change Chakraborty and Tan (2007), Zailani and Sasthriyar (2011), Albliwi et al. (2015) 
3 Communication Henderson and Evans (2000), Coronado and Antony (2002),  Ho et al. (2008), Antony 

(2006) 
4 Organization infrastructure Harry and Schroeder (2005), Henderson and Evans (2000) 
5 Education and training Henderson and Evans (2000), Ingle and Roe (2001), George (2002), Kwak and 

Anbari (2006), Brun (2011) 
6 Involvement of employees Zakuan et al. (2010), Lyons et al. (2011) 
7 Reward and recognition system Ahlstrom (1998), Scherrer et al. (2009), Ho et al. (2008) 
8 Linking Six Sigma to business strategy Pande et al. (2000) Antony and Banuelas (2002) 
9 Linking Six Sigma to the customer Harry and Schroeder (2005), Pande et al. (2000), 

Antony and Banuelas (2002) 
10 Linking Six Sigma to human resources Henderson and Evans (2000), Wyper and Harrison (2000),  Antony and Banuelas 

(2002), Shah and Ward (2003),  Brun (2011), Zailani and Sasthriyar (2011) 
11 Linking Six Sigma to suppliers Harry (1998), Harry and Schroeder (2005),  Henderson and Evans (2000), Sandholm 

and Sorqvist (2002) 
12 Understanding its tools and techniques Eckes (2001), Laureani and Antony (2012), Ingle and Roe (2001),  Choo et al. (2007) 
13 Project management skills Antony and Banuelas (2002), Kwak and Anbari (2006), Brun (2011), Eckes (2001) 
14 Project prioritization and selection Eckes (2001), Pande et al. (2000), Sandholm and Sorqvist (2002) 

 

Level partition 

From the FRM, the reachability, antecedent and the intersection sets for factors are obtained. The reachability set of an 
individual factor comprises of other elements and itself, which it may help to achieve. A concerned factor’s reachable factors 
are those factors with the value of 1 in the row corresponding to the concerned factor in the FRM (Table 5). Whereas the 
antecedent set includes of the factors themselves and the other factors, which may this may help in achieving it. A concerned 
factor’s reached factors are those factors with the value of 1 in the column corresponding to the concerned factor in the 
FRM (Table 5). Afterward, the intersection of these sets is obtained for all the critical factors. The factors that show the 
same place of reachability and intersection sets are located at the top level of the ISM hierarchy. This element is driven by 
all other factors and does not affect elements. The element represented in the top level are removed and this procedure is 
iteratively repeated until factors at all levels are determined (Table 6 and 7). 
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Table 2  
Structural self-interaction matrix (SSIM) 

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 X V X V X A A V X V X O O V 
2  X X O A X A A A A A A O A 
3   X V A O O V X X X A A X 
4    X O X O A A A A O O A 
5     X X V A A A A V V O 
6      X X A O X A O A O 
7       X A O A O O A O 
8        X X X X V V X 
9         X X X V V X 
10          X X X V A 
11           X X V X 
12            X V V 
13             X O 
14              X 

 

Table 3 
Initial reachability matrix (IRM) 

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
1 1 1 1 1 1 0 0 1 1 1 1 0 0 1 
2 0 1 1 0 0 1 0 0 0 0 0 0 0 0 
3 1 1 1 1 0 0 0 1 1 1 1 0 0 1 
4 0 0 0 1 0 1 0 0 0 0 0 0 0 0 
5 1 1 1 0 1 1 1 0 0 0 0 1 1 0 
6 1 1 0 1 1 1 1 0 0 1 0 0 0 0 
7 1 1 0 0 0 1 1 0 0 0 0 0 0 0 
8 0 1 0 1 1 1 1 1 1 1 1 1 1 1 
9 1 1 1 1 1 0 0 1 1 1 1 1 1 1 
10 0 1 1 1 1 1 1 1 1 1 1 1 1 0 
11 1 1 1 1 1 1 0 1 1 1 1 1 1 1 
12 0 1 1 0 0 0 0 0 0 1 1 1 1 1 
13 0 0 1 0 0 1 1 0 0 0 0 0 1 0 
14 0 1 1 1 0 0 0 1 1 1 1 0 0 1 

 

Table 4  
Final reachability matrix (FRM) 

No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Driving 
power 

1 1 1 1 1 1 1* 1* 1 1 1 1 1* 1* 1 14 
2 1* 1 1 1* 1* 1 1* 1* 1* 1* 1* 0 0 1* 12 
3 1 1 1 1 1* 1* 1* 1 1 1 1 1* 1* 1 14 
4 1* 1* 0 1 1* 1 1* 0 0 1* 0 0 0 0 7 
5 1 1 1 1* 1 1 1 1* 1* 1* 1* 1 1 1* 14 
6 1 1 1* 1 1 1 1 1* 1* 1 1 1* 1* 1* 14 
7 1 1 1* 1* 1* 1 1 1* 1* 1* 1* 0 0 1* 12 
8 1* 1 1 1 1 1 1 1 1 1 1 1 1 1 14 
9 1 1 1 1 1 1* 1* 1 1 1 1 1 1 1 14 

10 1* 1 1 1 1 1 1 1 1 1 1 1 1 1* 14 
11 1 1 1 1 1 1 1* 1 1 1 1 1 1 1 14 
12 1* 1 1 1* 1* 1* 1* 1* 1* 1 1 1 1 1 14 
13 1* 1* 1 1* 1* 1 1 1* 1* 1* 1* 0 1 1* 13 
14 1* 1 1 1 1* 1* 1* 1 1 1 1 1* 1* 1 14 

Dependence 
 Power 14 14 13 14 14 14 14 13 13 14 13 10 11 13 184/184 

* Represents transitivity property checked 
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ISM model development 

The structural model is constructed from the FRM. An arrow points from factor i to factor j, showing that factor i can result 
in factor j, and a two way arrow indicates a mutual influence.  

Table 5  
Level partitions (Iteration I) 

No. Reachability set Antecedent set Intersection set level 
1  F1 F2 F3 F4 F5 F6 F7 F8 F9 

F10 F11 F12 F13 F14 
 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 I 

2  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F14 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F14 I 

3  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11F12 F13 F14 

 F1 F2 F3 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

 F1 F2 F3 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14  

4 
 F1 F2 F4 F5 F6 F7 F10 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14  F1 F2 F4 F5 F6 F7 F10 I 

5  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 I 

6  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 I 

7  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F14 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F14 I 

8  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 

 F1 F2 F3 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

 F1 F2 F3 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14  

9  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 

 F1 F2 F3 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

 F1 F2 F3 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14  

10  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

 F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 I 

11  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F12 F13 F14 

 F1 F2 F3 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

 F1 F2 F3 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14  

12  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11F12 F13 F14 

 F1 F3 F5 F6 F8 F9 F10 F11 F12 
F14 

 F1 F3 F5 F6 F8 F9 F10 F11 
F12 F14  

13  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11 F13 F14 

 F1 F3 F5 F6 F8 F9 F10 F11 F12 
F13 F14 

 F1 F3 F5 F6 F8 F9 F10 F11 
F13 F14  

14  F1 F2 F3 F4 F5 F6 F7 F8 F9 
F10 F11F12 F13 F14 

 F1 F2 F3 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14 

 F1 F2 F3 F5 F6 F7 F8 F9 F10 
F11 F12 F13 F14  

 

Table 6  
Level partitions (Iteration II) 

No. Reachability set Antecedent set Intersection set level 
3  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F13 F14 II 
8  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F13 F14 II 
9  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F13 F14 II 
11  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F13 F14 II 
12  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F14  F3 F8 F9 F11 F12 F14  
13  F3 F8 F9 F11 F13 F14  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F13 F14 II 
14  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F13 F14  F3 F8 F9 F11 F12 F13 F14 II 

Expelling the transitivity as depicted in the ISM procedure, the digraph is at last transformed into the ISM model as shown 
in figure (2). The fourteen factors were separated into three levels of the ISM model. This three-level structure is obtained 
from the level partition procedure provided by the relationships between factors illustrated in the final reachability matrix 
(FRM). It is not a general model, but it depends on the sample of the study. The obtained result confirms those of the 
previous studies in the literature that is all these 14 factors are critical for six sigma implementations (Brun 2011). 

Table 7  
Level partitions (Iteration III) 

No. Reachability set Antecedent set Intersection set level 
12 F12  F12  F12 III 

As seen in Fig. 2, this study checked the interactive relationships among factors. It should be noted that these relationships 
do not give a systematic roadmap to act but they show the chain of influences between the factors in the system. These 
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research results help us to better understanding the effect of these factors by setting them in a hierarchy structure. The factor 
“Understanding its tools and techniques” was a significant critical success factor in implementation of LSS, because itwas 
at the basis of the ISM hierarchy. The studies on the structural model of factors influencing implementation of LSS in 
Tunisian context are missed. Further, this study provided a hierarchy of variables for implementation of LSS in Tunisian 
manufacturing organizations which could help all stakeholders for successful implementation of LSS by solving complex 
issues. 

 
Fig. 2. Interpretive Structural Model for LSS implementation 

4. Micmac analysis and discussion 
 

The MICMAC analysis is used to analyze the driver power and dependence power of variables. The results of MICMAC 
analysis complement the ISM hierarchy structure by identifying the driving power and dependence power of each factor. 
Subsequently, the driving and dependence power diagram is constructed with the input from the total reachability matrix, 
where taking driving power as horizontal axis and dependence power as vertical axis. Driving power of one element is 
calculated by adding all the entries in the corresponding row of reachability matrix. Whereas, dependence of one element 
is obtained by adding all the entries in the corresponding column of reachability matrix. For example, Cultural change (F2) 
has driving power of twelve and dependence of fourteen. This indicates that this factor influences or drives twelve factors 
and it is influenced or driven by fourteen factors. The variables are classified into four clusters (Fig.2) according to their 
driving power and dependence power (Mandal and Deshmukh 1994). These categories are: (1) autonomous factors, that 
have weak driver power and weak dependence. These factors are generally separated from the system with which they have 
only few links, which may be strong. There is no autonomous factor in cluster I, which justify judicious selection of barriers 
in this research, (2) dependent factors, that have weak driver power but strong dependence (cluster II). In this case, Project 
prioritization and selection (F14) has been categorized as dependent, this factor can be judged as the unfavorable outcome 
of other factors. They likely should have 

lower priorities until the factors they depend on have been attended to. Addressing this final factor more aggressively later 
in the intervention will improve the organization’s efficiency as it forms strong foundations for its activities. (3) linkage 
factors (cluster III), that have high driving power and high dependence. Fourteen factors are identified to be the linkage 
variables (F1, F2, F3, F4, F5, F6, F7, F8, F9, F10, F11, F12, F13 and F14). These factors are unstable in the fact that any 
action on these factors will have an effect on the other factors and also a feedback effect on themselves (Yadav and Barve 
2015). This observation indicates that any action directed at these five barriers can affect other barriers, as well as have a 
feedback influence on themselves.  Finally, the factors having high driving power and low dependence are called 
independent elements (cluster IV). In this case, there are no independent factors. The MICMAC analysis is illustrated in 
Figure 3. In the obtained results, 13 factors are identified as linkage variables, implying that the relationship between these 
factors plays an important role in the six sigma implementation. Understanding its tools and techniques (F12) and Project 
management skills (F13) are relatively more independent, revealing a kind of dominance over other factors in this category. 
This is reasonably accepted because these two factors have the lowest power-dependence values among all factors. 
Addressing the effect of factors (F1, F2, F3, F5, F6, F7, F8, F9, F10, F11 and F14), which situated in linkage category and 
having a high driving and dependence power (Fig.2). These factors are most important, 

since they are reactive in nature and form a connection between system input factors and output factors. Such factors are 
interrelated, and any action of these factors will influence the other factors as well as the whole system. It can be seen that 
these factors have number links with various factors, but if these variables are not addressed correctly then they will create 
problems in the implementation of LSS program. 
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Fig. 3. Driving power and dependence diagram 

5. Conclusion 
 

In the present investigation, fourteen critical success factors to help promote organizations 

to develop Six Sigma were determined through expert inputs and literature survey. These factors may ensure effective LSS 
implementation and realization of the promised benefits. Factors affecting LSS implementation are complex and abundant. 

Data of this study were collected from a sample of Tunisian enterprises and the research model was tested using ISM 
approach. From this analysis, it was found that the factor of  “Understanding its tools and techniques” has been shown to 
be the extremely important factors for LSS implementation in Tunisian manufacturing. Certain limitations were identified 
in this research. Firstly, this study was carried out in a developing country like Tunisia, and hence, the outcomes cannot be 
extrapolated to other topographical regions. 

Secondly, in the ISM approach, the inputs or judgments taken from the experts for the development of SSIM and these 
inputs could be biased influencing the accuracy and reliability of the model. To overcome this limitation, other Multiple-
criteria decision making pproaches such as Analytic hierarchy process (AHP) and Analytic network process (ANP). In 
addition, the ISM model considers only the binary digits, 0 and 1, which are having a limited scope. Hence, this can be 
solved by considering five-point Likert scale-type measurement. This model can be further tested by factor analysis or 
hierarchical regression analysis to know more detail about each dimension. 
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