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1.   Introduction  

Astute businesses can make significant progress in satisfying customer needs and preserving their financial leverage by 

methodically determining the causes of issues and modifying internal procedures. Recent studies have documented wide 

applications of Six Sigma techniques in improving processes in manufacturing and transactional firms [1]. Many sectors can 

benefit from the application of the SS technique; nevertheless, attaining the intended outcomes and comprehending the purpose 

of the implementation are essential [2]. Although implementing Six Sigma in small and medium-sized enterprises can be 

extremely challenging, when done properly, it can be advantageous [3]. In addition, [4] believes that Six Sigma's technical 

complexity makes it unsuitable for SMEs. Furthermore, there are several assertions that SMEs lack the economies of scale and 

resource availability that benefit their larger counterparts [5, 6]. It is important to remember that SMEs are prevalent in 

developing nations and are essential to regional economic development. They significantly contribute to the creation of jobs, the 

reduction of poverty, and economic expansion [7]. But when compared to industrialized countries, they also face a variety of 
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 Businesses are in a constant quest for solutions to their organizational needs, and 

many enterprises have adopted Six Sigma (SS) as the most suited approach for 

adequately matching cost, quality, and delivery. However, researchers in the last two 

decades have thus been trying to overcome difficulties and constraints associated 

with SS implementation. In Nigeria, SS is unpopular, and there is a shortage of 

studies on the implementation of SS in SMEs. The present research was motivated 

by the lack of research on SS critical success factor (CSF) appraisal in Nigeria, and 

none in the literature has discreetly described the criticality of the SS 

implementation factors in Small-Medium Enterprise (SMEs). Therefore, this study 

proposed to develop a suitable hierarchical model and illustrate the interrelationships 

between factors that facilitate SS implementation in Small and Medium Enterprises 

(SMEs) using an integrated approach that consists of interval-valued neutrosophic 

analytical hierarchy process (IVN-AHP) and criteria importance through inter-

criteria correlation (CRITIC). The investigated success factors were conceptualized 

into four aspects and verified with the aid of the inputs of experts within the small 

and medium enterprises in Nigeria. Primarily, the content of the work is structured 

and streamlined perfectly to awaken curiosity among researchers who intend to 

explore the SS implementation success factors further. 
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challenges such as capital problems, institutional weaknesses, limited capacities, brittle structures, lack of technological know-

how, and funding that make it difficult for them to survive and thrive as businesses [8]. Comparably, in Nigeria, SMEs face a 

variety of internal and external challenges, such as hard competition from larger businesses, a lack of working capital, trouble 

locating raw materials, low-capacity utilization, a lack of management strategies, low operator education, and severe financial 

difficulties [9; 10]. There isn't enough data in the academic literature about the successful application of Six Sigma practice in 

Micro, Small, and Medium-Sized Enterprises (MSMEs) to support and offer a road map for doing so [11]. Furthermore, because 

small businesses encounter several obstacles, the application of SS in Micro, Small, and Medium-Sized Enterprises (MSMEs) in 

developing nations is restricted. [11; 12] and the level of repeatability for which SS was designed is frequently lacking in SMEs' 

production processes [13]. Thus, during the past 20 years, researchers have been working to overcome obstacles and limitations 

related to the implementation of SS. According to [14; 15], many important variables must be met for Six Sigma to be successful 

in SMEs. Prior research has found a few critical aspects that impact SME success, and it is necessary to identify a few important 

variables that serve as growth drivers [16; 17]. SS is not well-liked in Nigeria, and there aren't many studies on how SS is applied 

in SMEs. The dearth of literature on SS critical success factor (CSF) appraisal in Nigeria and the absence of any research that 

specifically describes the criticality of SS implementation factors in small and medium-sized enterprises (SMEs) served as the 

impetus for this study. Consequently, the following are the study's precise objectives: 

1. Identify SS implementation CSFs that are relevant in the Small- medium Enterprise. 

2. To prioritize and rank these factors based on their level of influence, and significance. 

3. To recommend strategies for a wider application and acceptance of the SS approach in Nigerian SMEs. 

This study identified and categorized twenty-four important SS critical implementation success factors into social, 

organizational, knowledge, and project-based (SKOP) dimensions. Based on the views of relevant stakeholders in the Nigerian 

industry, an integrated strategy comprising an interval-valued neutrosophic analytical hierarchy process (IVN-AHP) and criteria 

importance through inter-criteria correlation (CRITIC) was utilized to examine the identified SS CSFs in SMEs. This study adds 

to the literature on SS adoption in African emerging markets, as there aren't many studies that are similar to the current body of 

work, focusing on small and medium-sized businesses in Nigeria. 

 

2.   Literature Review 

This section presents an overview of the recent studies on Six Sigma Implementation Critical Success Factors, 

applications of SS strategy on Small-and-medium scale enterprises and the use of MCDM methods in SS studies. 

2.1. Recent Studies on Six Sigma Implementation Critical Success Factors 

SS is a generic solution and its application strategies are always novel, and various business processes have 

successfully implemented this methodology. A uniform way of implementing SS techniques is not explicitly stated in the extant 

literature, other than the typical five-phase framework of DMAIC. However, to implement SS, some factors are critical and can 

influence the success of any particular adventure [18; 19]. Most of the recent studies on SS applications have focused on critical 

success factors for facilitating the implementation of SS in terms of classification and prioritization in different industries. For 

example, a model of critical success factors of SS was built for Indonesian small and medium industries and their relation to 

industry performance was ascertained [20]. The method used in this study is Structural Equation Modeling (SEM) based on 

Partial Least Square (PLS) by using SmartPLS software. This study uses data from Indonesian small and medium industries that 

have implemented Six Sigma. The results of the study indicate that a critical success factor that has a positive impact on 

successful SS implementation is the involvement and commitment to top management, training and education, cultural change, 

and industrial infrastructure. Generally, successful determination of the key factors that affect the output will help in managing 

as well as optimization of the process output [18]. In recent times, a review study on the CFs for various process improvement 

techniques including SS strategies was conducted, and vital CFs were stratified from the trivial ones and the ranked ones [20]. 

The study outcome revealed the most important factors are top management commitment, training, and education, cultural 

change, linking SS to customer, linking SS to supplier, organizational infrastructure, linking SS to business goals, project 

management skills, communication, understanding tools and techniques, teamwork and project prioritization. [21; 22] 

investigate the mediating effect of absorbing capacity on the link between SS’s critical success factors and productivity 

improvement. The result findings revealed that absorbing capacity significantly mediates the influences of training & education, 

top management commitment and involvement, project selection, and organizational resources. [23] analyzed SS 

implementation CSFs in an Indian auto component-making company. The study results revealed that among the eleven (11) 

examined factors, linking SS to the employee and linking SS to the supplier are the non-significant factors. [24] developed a 

structural equation model (SEM) based on Partial Least square (PLS) to study the relationship between CSFs and for success of 

SS in SMEs in Indonesia. Table 1 captures concisely other relevant works of literature on the subject matter. 
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Table 1: Critical Success factors of SS Implementation adopted from the literature 

Aspects Critical Success factors References 

Organizational-based 

 

 

 

 

Economic benefits (19; 25) 

Organisational resources (22) 

Organisational infrastructure  (26;27;28; 29; 30) 

Top management support (31;32;33;34;35;36) 

Linking Six Sigma to corporate goals and 

strategies 

28;37;23) 

Linking SS to employees (38) 

Project-based 

 

Selecting appropriate project (39;40;34; 41; 42) 

Formation of cross-functional project team 

&Teamwork 

(43;44;29; 30) 

Project management skills (45; 46; 1; 44) 

Team members commitment (2;30) 

Knowledge-based 

 

Relevant training and education (28;29) 

IT & Innovation (1) 

Employee Involvement and empowerment (18; 38) 

Uniformity in SS Process Implementation (20) 

Effective communication and information flow (47;26;44) 

Understanding SS tools and methods (46; 48) 

Knowledge sharing among the workforce (44) 

Socio-Institutional based Government policies on quality (49) 

Government-established incentives and reward 

system 

(49) 

Continual motivation of the workforce (44) 

Organizational cultural change (21; 20; 13) 

linking Six sigma projects to customers’ needs (46;50;51) 

Supplier capability enhancement and 

collaboration 

(49; 38; 44) 

Human resource management (44) 

 

2.2. Successful applications of SS strategy on small and medium enterprises 

 

In academic literature, there is the unavailability of sufficient evidence of the successful implementation of Six Sigma 

practice in Micro Small and Medium Enterprises (MSMEs) to encourage and provide a roadmap for its implementation [11]. 

Claims abound that SMEs do not enjoy the same benefits as their bigger counterpart due to economies of scale and availability of 

resources [5; 6]. Application of SS in Micro Small Medium Enterprises (MSMEs) in developing economies is limited due to 

several barriers faced by these firms [11; 12], and production processes of SMEs often do not present the degree of repeatability 

for which SS has been created [13]. Few successful applications of SS strategy have also been reported in the literature. For 

example, SS was implemented in the process of product quality control in metallurgical operations of annealing to ensure the 

required metallurgical product quality with reduced cost [52]. An integrated DEMATEL Six Sigma hybrid framework was 

developed and validated in MSMEs in India to significantly increase the sigma level [11]. SS methodology was applied in a 

North American small- and medium-sized plumbing enterprise using a cross-functional team to reduce cycle time and increase 

sales [43]. An SS framework that describes the fundamental elements of the Six Sigma methodology and the relationships 

between them was proposed [53]. In the same vein, managers in manufacturing SMEs need to address customers’ wants and 

strive to surpass their expectations by implementing quality improvement programmes [54]. Lastly, an integrated SS model was 

developed to achieve organizational excellence at the aged care facilities in Victoria, Australia [55]. 

 

2.3. Multiple criteria methods in Six Sigma studies 

 

Most real-life decision-making problems have several conflicting criteria and objectives to be considered 

simultaneously [56]. Large numbers of SS studies are focused on real-life case study applications in terms of defect reductions 

and quality improvements, and most recent studies have focused on SS implementation requirements, with few advances in SS 

theory. The typical MCDM problem deals with the evaluation of a set of alternatives in terms of a set of decision criteria, and 

some problems that necessitate SS applications are characterized as multi-criteria decision-making types. For example, a 

methodology using the KEMIRA-M method to prioritize and select alternative SS projects in healthcare organizations was 

developed [39], and the study assigns the highest ranks to patient satisfaction, revenue enhancement, and sigma-level benefit 

criteria; while resource utilization and process cycle time receive the lowest rank.  The readiness of the Iranian steel industry to 

implement SS projects was investigated using fuzzy DEMATEL to prioritize CSF [50], and findings revealed senior 
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management involvement, leadership, corporate strategy, and focus on the customer as the important factors. A systematic 

combination of methods of fuzzy Analytical Hierarchy Process (AHP), an easily defuzzified number of Trapezoidal Fuzzy 

Numbers (TrFN), and Grey Relational Analysis (GRA) was proposed for a suitable selection of SS project [40]. [57] integrated 

the AHP approach in SS-DMAIC methodology for defect identification in a cable manufacturing industry. Add to this, the 

Selection of the most ideal choice of Six Sigma project was achieved using GREY TOPSIS and TRIZ improvement strategies 

[58].  
 

3.  Research Methodology 

The purpose of this study is to ascertain the weights and pairwise comparisons of crucial success criteria for Six Sigma 

implementation in Nigerian SMEs. As shown in Figs. 1 and 2, a hybrid methodology based on IVN-AHP and CRITIC with a 

number of modeling phases was used. The flowchart in Figure 1 illustrates how the research process was followed.  

 

 
Fig 1. Proposed IVN-AHP-CRITIC multi-criteria decision making process 

  

A. Interval-valued neutrosophic analytical hierarchy process (IVN-AHP) 

AHP is the most known multi-criteria decision-making (MCDM) technique devised for solving complex management 

decision problems [59]. Although AHP is a frequently used method in MCDM problems, it sometimes fails to reflect human 

thought. In contrast to traditional AHP, IVN-AHP is able to effectively incorporate human reasoning into the decision-making 

process and describe uncertainty with three variables (T, I, and F). They all aim to improve AHP's efficacy in the face of 

ambiguity. Neutrophic sets (NS) allow decision makers to completely articulate their opinions since they distinguish between 
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"relative truth" and "absolute truth" based on three separate parameters: truthiness (T), indeterminacy (I), and falsity (F). In this 

work, we use NS's representation power to rank interval numbers in our neutrosophic AHP approach using the possibility degree 

method [60]. Similarly, there are effective IVN-AHP applications in the literature that is now available [58; 61], such as in the 

supply chain sector [62; 63] and in university ranking for the university evaluation problem [64]. The steps in the IVN-AHP are 

as follows: Step 1: Design the pairwise comparison matrix of the CSFs for SS implementation in Nigerian SMEs and contexts 

using IVN numbers for the experts. In this step, IVN numbers shown in Table 2 are applied to develop pairwise comparisons of 

investigated CSFs based on the preferential judgment of experts in Nigeria.  

 

 
Fig. 2. IVN-AHP hierarchical structure of SS CSF evaluation problem 

Step 2: Aggregate the pairwise comparison matrices for the groups of experts 

In this step, the pairwise compassion matrices are aggregated for the experts in groups based on the similarity of managerial 

roles/functions. 

Step 3: Transform the pairwise comparison matrices with IVN numbers into crisp comparison matrices via the 

deneutrosphication process. 

Table 2 Linguistic scale for IVN-AHP pairwise comparison matrix 

Linguistic attributes  Interval-valued neutrosophic numbers 

[(TRL, TRU), (IDL, IDU), (FSL, FSU)] 

Extremely high importance (EH) [(0.85,0.99), (0.05,0.15), (0.1,0.3)] 

Very high importance (VH) [(0.8,0.95),  (0.15,0.2),  (0.2,0.35)] 

High importance (HI) [(0.7, 0.9),   (0.2, 0.25),  (0.3, 0.4)] 

Above average importance (AA) [(0.6, 0.85),  (0.25, 0.3),  (0.4, 0.5)] 

Average importance (AI) [(0.5,  0.6), (0.3,  0.35),  (0.5,  0.6)] 

Below average importance (BA) [(0.4,  0.45), (0.25, 0.3), (0.6,  0.85)] 

Low importance (LI) [(0.3, 0.4),  (0.2, 0.25),    (0.7, 0.9)] 

Very low importance (VL) [(0.2, 0.35),  (0.15, 0.2), (0.8, 0.95)] 

Certainly low importance (CL) [(0.1, 0.3), (0.05, 0.15), (0.85, 0.99)] 
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In this step, the pairwise comparison matrices with IVN numbers are converted into crisp pairwise comparison matrices via the 

deneutrosophication process. 

Step 4: Consistency check of the pairwise comparison matrices 

Here, the pairwise comparison matrices are checked for consistency by using the consistency ratio which if <0.1, the 

pairwise comparison is accepted as consistent and if the consistency ratio>0.1, then the pairwise comparison is inconsistent. It 

should also be noted that if the crisp pairwise comparison matrix is consistent, then its parent pairwise comparison matrix with 

IVN numbers is also consistent. The consistency ratio is computed using Eqn. (1) and (2).  

RI

CoI
CoR =         (1) 

1

max

−

−
=

n

n
CoI


                    (2) 

Where CoR represents the consistency ratio, CoI represents the consistency index, n represents the size of the matrix, αmax 

represents the mean weighted sum vector of the matrix and RI represents the random consistency index.  

Step 5: Estimate priority weights of contexts and CSFs for SS implementation in the Nigerian SMEs as well as the relative 

weights for each expert group 

In this step, each consistent pairwise comparison matrix with IVN numbers is normalized using Eqs. (3) - (4).  
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Eq. (5) is used to obtain the arithmetic mean of each row and weights of strategies, which are then converted to crisp 

priority weights for contexts and relative weights of strategies via Eq. (1) for each expert group. Then, the priority weight of each 

CSF for SS implementation in the Nigerian SMEs is computed by finding the product of the relative weight and the respective 

category.  





























































=



















=

=

=

=

=

=

=

=

=

=

=

=

n

FS

FS

n

FS

FS

n

ID

ID

n

ID

ID

n

TR

TR

n

TR

TR

W

n

k n

k

U

kj

U

jn

k n

k

U

kj

L

j

n

k n

k

U

kj

U

jn

k n

k

U

kj

L

jn

k n

k

U

kj

U

jn

k n

k

U

kj

L

j

j

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

,

,,,,
      (5) 

 

A. Criteria importance through inter-criteria correlation (CRITIC) 

In this method, the weights are determined based on the contrast intensity and conflict evaluation of the decision problem. 

Add to this, human intervention is not required for the evaluation process. Thus, after the IVN-AHP, we applied CRITIC in this 

study. The CRITIC method determines the relative importance of criteria by analyzing their inter-correlations and impact on the 

overall decision without relying on subjective judgments. CRITIC is shown to have additional worth because it takes into 

account both the contrast intensity and the conflicting relationships held between criteria [65]. To the best of our current 

understanding, this research is the first effort to apply the IVN-AHP-CRITIC techniques for the purpose of assessing and 

prioritizing SS implementation CSFs in SMEs. The modeling steps that are involved in the CRITIC method are as follows: 
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Step 1: Develop the initial decision matrix of criteria scores  

The performance score 
ijw of the ith (i = 1,…, m) alternative concerning the jth (j = 1,…, n) criterion is presented to form 

the initial decision matrix. In this study CSFs for SS implementation in the Nigerian SMEs are the alternatives while the expert 

groups are considered as criteria. Then, the performance scores are the IVN-AHP weights computed for the expert groups.  

Step 2: Construct the linear normalization of criteria scores for groups 

 Here, the normalized matrix is designed to consist of normalized scores
ijg , computed by normalizing the performance 

scores derived in Step 1 as shown in Eq. (6). 

i

ijij
i

ijij

ij
ww

ww
g

minmax

min

−

−
=       (6) 

Step 3: Generate a vector of normalized scores and compute the standard deviation 

 In this step, a vector of the normalized scores of all the alternatives is generated as indicated in Eq. (7).  

( )mjjjj gggg ,,, 21 =        (7) 

Then, the standard deviation
j of the generated vector is obtained using Eq. (8). 
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Step 4: Develop symmetric matrix 

 Here, a symmetric matrix is developed with an index
jbq using Eq. (9). 
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Where,
jbq denotes the linear correlation coefficient of two vectors

jg and bg ,  nbj ,,1,  . 

Step 5: Compute the information amount and obtain the criteria importance weight 

In this step, the amount of information jh is calculated using Eq. (10) while the criteria importance weight jc is computed using 

Eq. (11).  
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4.0 Results and discussions 

4.1. Case description 

In this study, the questionnaire was designed and utilized for data sourcing to highlight and investigate the CSFs to 

implement SS for achieving improved results. Initially, we reviewed the literature to identify the CSFs for implementing SS in 

SMEs. Within this context, 24CSFs were identified. Then, we utilized the identified factors to design a questionnaire for data 

collection in two phases. Necessary data was collected through designed a questionnaire that was administered to thirty-two (32) 
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respondents from SMEs with annual revenue within the range of 50million-1billion Nigerian Naira and firm size within the 

range of 30- 500 employees. The considered SMEs gave their consent to participate in the survey and were assured of 

confidentiality and use of survey findings for academic purpose only. Particularly, the questionnaire respondents in the 

considered companies were managers that have a minimum of Bachelor degree educational qualification (See Table 3 for 

Respondents’ demographic summary). Additionally, the managers have a minimum 7 years of experience in the company and 

within three managerial positions as Production Manager, General Manager and Sales Manager. The study respondents were 

considered to be knowledgeable to participate in the survey to ensure sufficient representation and survey accuracy due to their 

level of experience within the company and their managerial positions. In the first phase of the study survey, the questionnaire 

was designed and distributed to experts in SMEs domiciled in the south-east Nigeria to finalize the CSFs identified from the 

literature. The experts explicitly demanded that they provide their views on the relevance of each of the SS implementation CSFs 

in the Nigerian SME domain. The 24CSFs that were discovered were validated and verified based on the opinions of the experts.   

A second questionnaire was designed in the survey's second phase to produce the paired comparison matrix for the 

ensuing analytical procedure. This questionnaire was created utilizing the eventual CSFs and a linguistic scale made up of 

interval-valued neutrosophic values. Specifically, the study's questionnaires were dimensioned into two sections: the first section 

is about the study participants' demographics, and the second section is concerned with the necessary information for the 

pairwise comparison matrix and CSF’s finalization. Data collection took place over three months, from May to July 2024. The 

participants in the study were managers in the managerial echelon of SMEs as presented in Table 3. As part of the exclusion 

criteria used, only participants with over 10 years of relevant work experience in SMEs were deemed adequate for the study. We 

applied certain measures to ensure content validity, increase response rate and reduce response bias. For instance, we carried out 

a pilot study by requesting four PhD holders in business management discipline and three production managers in manufacturing 

enterprises to peruse through the designed questionnaire before embarking on the two phases of the survey. Feedbacks from the 

pilot study aided in the design of the questionnaire for the study survey. Also, email conversations, phone calls and personal 

company visits were implemented as reminders to the experts that participated in the study survey which led to a total number of 

15 completed questionnaires out of the 32 questionnaires sent out, a response rate of 50%, and this is on the acceptable bias range 

for any survey.  

 

Table 3. Demographic information of study participants 

Attribute Number of managers 

Age  

30- 40 8 

41- 60  24 

Education   

Bachelor’s degree 28 

Postgraduate degree 4 

Gender  

Male 30 

Female 2 

Years of experience  

11- 20 32 

21- 30 Nil 

Managerial role  

Procurement manager 18 

General manager 10 

Sales Manager 12 

Annual revenue (Million Nigerian Naira)  

50- 200 32 

201- 400 Nil 

>400 Nil 

Number of employees  

< 500 32 

501- 1000 Nil 

4.2 Initial weights of SS implementation CSF via IVN-AHP 

Figure 1 shows an IVN-AHP hierarchical structure that includes the goal, four contexts, and Six-Sigma (SS) critical success 

factors (CSFs), which are the initial steps in the IVN-AHP process. Fifteen experts in Nigerian small and medium-sized 

businesses used the IVN ratings in Table 2 to pairwise compare the SS CSFs in SMEs. Based on the managerial titles of 

procurement managers, operations managers, and sales managers, the pairwise comparison was aggregated into three groups. 

Subsequently, the expert groups' contexts and SS implementation CSFs' aggregated pairwise comparison matrices with IVN 

values were transformed into clear pairwise comparison matrices. Egs. (1) and (2) were used to perform consistency checks on 
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the crisp pairwise comparison matrices, and the findings indicated consistency ratios of less than 0.1. These indicate consistency 

between their parent pairwise comparison matrices with IVN scores and the crisp pairwise comparison matrices. Equations (3) 

and (4) were then used to normalize the pairwise comparison matrices. Eq. (5) was used to calculate the priority weights of the 

SS implementation CSFs and contexts for the expert groups under consideration. After that, crisp weight scores were created 

using the IVN weight scores. The contexts of the SS CSFs and their corresponding CSFs' priority weights for an expert group are 

displayed in Table 4. The implementation CSFs for other expert groups and the priority weights of SS contexts were left out of 

the appendix because of space constraints, which is relevant to note.  

 

Table 4. IVN-AHP-based priority weights of SS CSFs for an expert group 

Contexts Context priority 

weights 

SS implementation CSFs in Nigerian 

SMEs 

Relative 

weights 

Priority 

weights  

Organizatio

nal (OB) 

0.29 Economic benefits (OB1) 0.192 0.0557 

Organizational resources (OB2) 0.142 0.0412 

Organizational infrastructure (OB3) 0.137 0.0397 

Top management support (OB4) 0.285 0.0826 

Linking SS to corporate goals (OB5) 0.132 0.0383 

Linking SS to employees (OB6) 0.112 0.0325 

Project-

based (PB) 

0.22 Select the appropriate project (PB1) 0.271 0.0596 

Formation of cross-functional &Teamwork 

(PB2) 

0.233 0.0513 

Project management skills (PB3) 0.270 0.0594 

Team member's commitment (PB4) 0.226 0.0497 

Knowledge-

based (KB) 

0.21 Relevant training and education (KB1) 0.147 0.0309 

IT & Innovation (KB2) 0.151 0.0317 

Employee involvement and empowerment 

(KB3) 

0.122 0.0256 

Uniformity in SS Process Implementation 

(KB4) 

0.136 0.0286 

Effective communication and information 

flow (KB5) 

0.122 0.0256 

Understanding SS tools and methods (KB6) 0.131 0.0275 

Knowledge sharing among workforce (KB7) 0.191 0.0401 

Socio-

institutional 

(SI) 

0.28 Government policies on quality (SI1) 0.112 0.0314 

Government-established incentives and 

reward system (SI2) 

0.171 0.0479 

Continual motivation of workforce (SI3)  0.124 0.0347 

Organizational cultural change (SI4) 0.179 0.0501 

Linking Six Sigma projects to customers’ 

needs (SI5) 

0.131 0.0367 

Supplier capability enhancement and 

collaboration (SI6) 

0.126 0.0353 

Human resource management (SI7) 0.157 0.044 

 

4.3. Final weights and ranking of SS implementation CSF via CRITIC 

 

Using the IVN-AHP weight scores of the CSFs for the expert groups taken into consideration in this study, an initial 

decision matrix of the SS implementation CSFs was created for the expert groups using Eq.(6). The same process was applied to 

normalize the contexts. The SS implementation CSFs' vector of normalized weight scores was generated using Eq. (7). Then, the 

standard deviation of the generated vector was calculated using Eq. (8). We developed a symmetric matrix using the CSFs from 

the SS implementation in SMEs using Eq. (9). The information amount and the weights of the SMEs implementation CSFs were 

computed using Eqs. (10) and (11) respectively. Table 5 shows the information amount and priority weights of the SS 

implementation CSFs in SMEs as well as their weight-based ranking. The percentage weight scores of the contexts of SS 

implementation CSFs in SMEs were computed by obtaining the sum of the percentage weights of respective challenges in each 

context.  
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Table 5.  Priority weights and ranking of SS implementation CSFs 

Context SS implementation CSFs in Nigerian SMEs  hj cj Rank Context 

score (%) 

Organizati

onal (OB) 

Economic benefits (OB1) 3.983 0.0542 4 23.33 

Organisational resources (OB2) 3.587 0.0488 10  

Organisational infrastructure (OB3) 3.222 0.0438 13  

Top management support (OB4) 3.711 0.0505 8  

Linking SS to corporate goals (OB5) 1.269 0.0173 23  

Linking SS to employees (OB6) 1.378 0.0187 22  

Project-

based (PB) 

Select the appropriate project (PB1) 4.205 0.0572 2 18.97 

Formation of cross-functional &Teamwork 

(PB2) 

2.550 0.0347 19  

Project management skills (PB3) 3.277 0.0446 12  

Team member's commitment (PB4) 3.912 0.0532 6  

Knowledge

-based 

(KB) 

Relevant training and education (KB1) 2.544 0.0346 18 25.24 

IT & Innovation (KB2) 3.988 0.0542 3  

Employee involvement and empowerment 

(KB3) 

2.884 0.0392 16  

Uniformity in SS Process Implementation 

(KB4) 

3.191 0.0434 14  

Effective communication and information 

flow (KB5) 

1.932 0.0263 20  

Understanding SS tools and methods (KB6) 2.863 0.0389 17  

Knowledge sharing among workforce (KB7) 1.165 0.0158 24  

Socio-

institutiona

l (SI) 

Government policies on quality (SI1) 4.335 0.059 1 32.46 

Government-established incentives and 

reward system (SI2) 

3.722 0.0506 7  

Continual motivation of workforce (SI3)  3.914 0.0542 5  

Organizational cultural change (SI4) 3.659 0.0498 9  

Linking Six Sigma projects to customers’ 

needs (SI5) 

2.991 0.0407 15  

Supplier capability enhancement and 

collaboration (SI6) 

1.649 0.0222 21  

 Human resource management (SI7) 3.389 0.0481 11  

 

4.4.  Ranking of factors of SS implementation CSFS in SMEs 

 

As the percentage score column in Table 4 makes evident, the most important CSFs for SS implementation in Nigerian 

SMEs are the enablers within the socio-institutional framework. In Nigerian SMEs, the Knowledge-based (KB) CSFS context is 

placed second in terms of SS implementation. The project-based context is ranked lowest among the contexts under 

investigation, and the organizational (OB) context is placed penultimate among the CSFs in SS implementation. The visual 

description of the ranking is shown in Figure 2. To buttress further on the socio-technical context, the result outcome is in 

tandem with previous studies on Six Sigma tenets that have empirically proven the level of thrust some of the prioritized SS 

factors in this study has on implementation success of SS in SMEs in Nigeria. Based on empirical evidence, a number of studies 

have aligned SS implementation success factors to appropriate project selection [66; 43], organizational cultural change [67; 68], 

supplier capability enhancement [69], linking of Six sigma projects to customers’ needs [70] etc. 

 



U-Dominic et al./Unizik Journal of Technology, Production and Mechanical Systems (UJTPMS), 5(1)    196 

 
 

Fig.2 % weight of contexts of SS implementation CSFs in the Nigerian SMEs 

 

Furthermore, according to the rankings of the individual variables in Figure 3, the most significant CSF among the 

components under investigation is government policies on quality (SL1), which are followed by the right project selection (PB1) 

and IT & Innovation (KB2), with economic benefits (OB1) coming in at number four. These clearly support the existing body of 

research showing that government policies help SMEs in Nigeria achieve a sustainable performance perspective [51]. A key 

factor in the success of SS implementation in SMEs is strict adherence to government regulations that align with the operational 

procedures of pertinent quality certification organizations, like ISO, etc. The effectiveness of Six Sigma initiatives depends on 

choosing and prioritizing the appropriate projects, according to the second-placed factor [71; 72; 66]. Projects that are viable to 

execute, significantly affect important indicators, and in line with strategic goals should be identified by organizations. It is 

pertinent to also note that other least ranked factors exert a level of influence on the vital few factors. However, the interacting 

effects of these factors among each other are not documented in this study, thus beckoning for further study. In conclusion, it is 

advised that for a successful and sustainable implementation of SS in Nigerian SMEs, due cognizance should be given to all 

these factors to ensure that the goal of choosing an SS strategy is attained.  
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Fig.2 Ranking of SS implementation CSFs in the Nigerian SMEs 

 

4.5. Study implications 

 

This paper makes a theoretical contribution to the extant literature on SS implementation within SMEs and presents 

insights into the key factors that can influence SS implementation in SMEs. In addition to this, the study introduces the SKOP 

(Socio-institutional-based-Knowledge-based-Organizational-based-Project-based) framework of categorization of SS 

implementation CSFs, thus constituting a new addition to existing SS implementation theories. In the same vein, this study has a 

noteworthy contribution to SS literature presenting a multi-criteria decision model that shows the significant impact of SS factors 

on the successful deployment in SMEs. The proposed decision methodology can be utilized to accurately evaluate and likewise 

predict the significance of the key factors during the decision to implement SS in SMEs. The study is of immense advantage to 

policymakers, business owners, organizational managers, etc. It is an objective statement to note that understanding the influence 

and interrelationships amongst the CSFs by business owners will encourage improved practices and reduce failure rates in SS 

improvement studies. 

 

6. Conclusion 

 

The SME market environment has been greatly distorted by myriads of events most especially the Covid-19 pandemic 

outbreak. As a result, firms are in constant exploration of opportunities to effectively manage their products and processes 

optimally. SME supply chain practices were distorted due to multilevel factors such as border closures, government restrictions, 

dwindling workforce, negative financial reports and other social effects. In this post-Pandemic era, there still exist salient threats 

to the economic survival of SMEs especially in the developing nations with spontaneity on inflationary indices and humbling 

multiple government taxations. Most enterprises within the product and service industry have started to deep further into 

understanding strategies to overcome the odds prevalent in the current marketplace and ways to manouvre the effects. SMEs are 

significant drivers of economic development, especially in transition economies like Nigeria [73], and often act as suppliers to 

bigger companies and these companies rely more on the SMEs to meet their production targets. The complexity of discussing the 

SS implementation success factor in an exploratory framework is exciting and the successful implementation of the SS strategy 
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depends on many variables that can be controlled with the knowledge of their effects and influences. However, there is a dearth 

of relevant studies that understudy the criticality of SS enablers on SMEs, particularly in a Nigerian geographical landscape. To 

this end, this study proposed an integrated decision methodology based on IVN-AHP-CRITIC, where IVN-AHP was used to 

develop the pairwise comparison matrices and hierarchical structure of the enablers to SS implementation in SMEs in the 

Nigerian context, the weight of these factors was determined based on the contrast intensity and conflict evaluation of the 

decision problem.  

 Like all research studies, this one has certain limitations, but these don't take away from the findings; rather, they 

provide a basis for further theorization and investigation of the study problem. Because this study was carried out in Nigeria, its 

findings might only apply to a limited geographic area. In this regard, future research might think about carrying out this study in 

a different region of Africa or anywhere else in the world. A large-scale research project might think about tackling this issue in 

several nations and then comparing and contrasting the outcomes. Furthermore, although this paper concentrated on mitigating 

threats to the survey validity using well-established strategies, we acknowledge that regional bias is a limitation of this study, as 

we focused on selecting respondents within the south east geo-political region, meaning that other eligible respondents from 

other regions were excluded. 

 

References 

[1] Abid, M., Butt, O.M.,Aan, Q., Rashid, B., & Devi, N.S (2020).Role of Critical Success Factors (CSF) in the 

implementation of Six Sigma in Hospitals: A Preliminary Study in Pakistan 1 Asia Pacific Journal of Health Management 

2020; 15(1):i333.  DOI 10.24083/apjhm.v15i1.333. 

[2] Mittal, A., Gupta, P., Kumar, V., Al Owad, A., Mahlawat, S., Singh, S (2023). The performance improvement analysis 

using Six Sigma DMAIC methodology: A case study on the Indian manufacturing company, Heliyon, Volume 9, Issue 3, 

https://doi.org/10.1016/j.heliyon.2023.e14625.  

 [3] Antony, J, Sony, M & Gutierrez, L 2022, 'An Empirical Study Into the Limitations and Emerging Trends of Six Sigma: 

Findings From a Global Survey', IEEE Transactions on Engineering Management, vol. 69, no. 5, pp. 2088-2101. 

https://doi.org/10.1109/TEM.2020.2995168 

 [4] Purwanto, Agus, (2020). Does Six Sigma Implementation Suitable for SMEs? An Exploratory Study from Indonesia. 

Journal of Critical Reviews, Vol. 7, Issue 19, 2020, Available at SSRN: https://ssrn.com/abstract=3986760 

 [5] Setiawan, D Purwanto, A, Maryani, E, Fauziah, Y, Kartika, H, Lumbantobing, J.P, Anwar, A.S,Purbarati, W (2020). Does 

six sigma implementation suitable for SMEs ? An exploratory study from indonesia. Journal of critical reviews. Vol.9, Issue 

19. ISSN 2394-5125 

 [6] Calado, J.F., Requeijo, J.G., Abreu, A., Dias, A (2019).Management of Innovation Ecosystems Based on Six Sigma 

Business Scorecard. De GRUYTER. Open Eng. 2019; 9: 41-51. https:// doi.org/10.1515/eng-2019-0007. 

[7] Gherghina ȘC, Botezatu MA, Hosszu A, Simionescu LN. Small and Medium-Sized Enterprises (SMEs): The Engine of 

Economic Growth through Investments and Innovation. Sustainability. 2020; 12(1):347. https://doi.org/10.3390/su1201034] 

[8] Sorasalmi, T., & Tuovinen, J. (2016). Entering emerging markets: A dynamic framework. In Dynamics in Logistics: 

Proceedings of the 4th International Conference LDIC, 2014 Bremen, Germany (pp. 675-683). Springer International 

Publishing. 

 [9] Agwu M.O and Emeti, C.I (2014). Issues, Challenges and Prospects of Small and Medium Scale Enterprises (SMEs) in 

Port-Harcourt City, Nigeria. European Journal of Sustainable Development (2014), 3, 1, 101-114 ISSN: 2239-5938 Doi: 

10.14207/ejsd.2014.v3n1p101 

 [10] Quartey, P., Turkson, E., Abor, J. Y., & Iddrisu, A. M. (2017). Financing the growth of SMEs in Africa: What are the 

contraints to SME financing within ECOWAS? Review of Development Finance, 7(1), 18-28. 

https://doi.org/10.1016/j.rdf.2017.03.001 

 [11] Gupta, A Pallavi Sharma, Akansha Jain, HongboXue , S. C. Malik & P. C. Jha (2019).An integrated DEMATEL Six Sigma 

hybrid framework for manufacturing process improvement.Annals of Operations Research (2019). 

 [12] Chakraborty, Ayon & Tan, Kay. (2007). The current state of six sigma application in services. Managing Service Quality. 

17. 194-208. 10.1108/09604520710735191.  

[13] Garrido-Vega, P., Sacristan-Diaz, M., Magana-Ramirez, L (2016). Six Sigma in SMES with low production volumes. A 

successful experience in aeronautics. Universia business review | third quarter 2016 | ISSN: 1698-5117. Doi: 

10.3232/ubr.2016.v13.n3.02. 

 [14] Deshmukh S. V and Chavan,A. (2012). Six Sigma and SMEs: a critical review of literature,” Int. J. Lean Six Sigma, vol. 3, 

no. 2, pp. 157–167, 2012.  

[15] Singh, Mahipal & Rathi, Rajeev & Khanduja, Dinesh & Phull, Gurpreet & Kaswan, Mahender Singh. (2020). Six Sigma 

Methodology and Implementation in Indian Context: A Review-Based Study. 10.1007/978-981-15-4565-8_1. 

[16] Keizer, J.A., Dijkstra, L. and Halman, J.I., 2002. Explaining innovative efforts of SMEs.: An exploratory survey among 

SMEs in the mechanical and electrical engineering sector in The Netherlands. Technovation, 22(1), pp.1-13. 

 

https://doi.org/10.1109/TEM.2020.2995168
https://ssrn.com/abstract=3986760
https://doi.org/10.1016/j.rdf.2017.03.001


U-Dominic et al./Unizik Journal of Technology, Production and Mechanical Systems (UJTPMS), 5(1)    199 

[17] Garcia-Martinez, L.J., Kraus, S., Breier, M. et al. Untangling the relationship between small and medium-sized enterprises 

and growth: a review of extant literature. Int Entrep Manag J 19, 455–479 (2023). https://doi.org/10.1007/s11365-023-

00830-z 

 [18] Hamdan, A., Hamdan, S., Alsyouf, I., Murad, N., Abdelrazeq, M., Al-Ali, S., & Bettayeb, M. (2023). Enhancing 

sustainability performance of universities: A DMAIC approach. Systems Research and Behavioral Science, 41(1), 153-172. 

https://doi.org/10.1002/sres.2942 

[19] Yuri, T., Zagloel, M., Ardi, R., Poncotoyo, W (2018).Six sigma implementation model based on critical success factors 

(CSFs) for Indonesian small and medium industries. 1st International Conference on Industrial, Electrical and Electronics, 

ICIE E - Anyer, Indonesia. 

[20] Raja Sreedharan V, Vijaya Sunder M, Raju R, "Critical success factors of TQM, Six Sigma, Lean and Lean Six Sigma: a 

literature review and key findings", Benchmarking: An International Journal, https://doi.org/10.1108/BIJ-08-2017-0223 

Permanent link to this document: https://doi.org/10.1108/BIJ-08-2017-0223. 

[21] Rathi, Rajeev; Khanduja, Dinesh; Sharma, S. K. (2016) : Efficacy of fuzzy MADM approach in Six Sigma analysis phase 

in automotive sector, Journal of Industrial Engineering International, ISSN 2251-712X, Springer, Heidelberg, Vol. 12, pp. 

377-387, http://dx.doi.org/10.1007/s40092-016-0143-0 

 [22] Atiyat, Amer & Ojo, Adedapo & Soh, Patrick. (2021). Impact of Six Sigma critical success factors on productivity 

improvement through absorptive capacity in the manufacturing industry in Saudi Arabia. International Journal of 

Productivity and Quality Management. 32. 536. 10.1504/IJPQM.2021.114267.  

 [23] Agarwal, A and Garg, K.K (2017).critical success factors analysis for six sigma project implementation. Industrial 

Engineering Journal Vol. X & Issue No. 8 

[24] Zagloel, Yuri & Ardi, Romadhani & Poncotoyo, Wahyu. (2018). Six sigma implementation model based on critical success 

factors (CSFs) for indonesian small and medium industries. MATEC Web of Conferences. 218. 04017. 

10.1051/matecconf/201821804017. 

[25] Lopez-Guerrero, A, Hernandez-Gomiez, J.A, Velazquez-victorica, K.I, Olivarez-Fong, L.C (2019). Six sigma as a 

competitive strategy: main applications, implementation areas and CSFs DYNA, 86 (209). Pp.160-109. 

http://doi.org/10.15446/dyna.v86n 

 [26] Daniel, C.O (2019). Impact of Six Sigma Strategy on the Performance of Selected Manufacturing Firms in Nigeria. GSJ: 

Volume 7, Issue 1, January 2019, Online: ISSN 2320-9186 www.globalscientificjournal.com [27]Jha, P.C., Aggarwal, R., 

Aggarwal, B (2019).Studying the Interrelationship amongst various Success Factors for Implementing Six Sigma in Indian 

Manufacturing SMEs. International Journal of Computer Applications (0975 – 8887) Volume 178 – No. 23,  

[28] Mustafa, Zainol & Jamaluddin, Zaharuzaman. (2017). Six sigma critical success factors in manufacturing industries. AIP 

Conference Proceedings. 1830. 080020. 10.1063/1.4981004.  

[29] Ahmad,M.F., Ping,W.J., Hamid,N.A.A., Chan, S.W., Takala, J (2016). Critical Success Factors of Six Sigma 

Implementation in Malaysian Manufacturing Industry. Proceedings of the 2016 International Conference on Industrial 

Engineering and Operations Management Kuala Lumpur, Malaysia, March 8-10, 2016 

30] Utomo (2020). A Systematic Literature Review of Six Sigma Implementation in Services Industries. IJIEM (Indonesian 

Journal of Industrial Engineering & Management) Vol 1 No 1 February 2020, 45-57 [32]Cai, X (2018). Research on 

Application of Six Sigma Management in Project Management. An Independent Study Submitted in Partial Fulfillment of 

the Requirements for the Degree of Master of Business Administration Graduate School of Business Siam University 

 [31] Summers, A.L (2018). How to obtain Leadership Support for Six Sigma Implementation? A Dissertation Presented in 

Partial Fulfillment of the Doctor of Business Administration at Liberty University. 

[32] Cai, X (2018). Research on Application of Six Sigma Management in Project Management. An Independent Study 

Submitted in Partial Fulfillment of the Requirements for the Degree of Master of Business Administration Graduate School 

of Business Siam University 

 [33] Sangode, P. B &Hedaoo, H. R (2018). Six Sigma in Manufacturing Industries:  Barriers to Implementation. Amity Journal 

of Operations Management 3 (1), (12-25) ©2018 ADMAA 

[34] Omar, S. S., Ariffin, Z. Z., Abdullah, A. N., Mahadi, N., Mokhtar, F. S., & Azman, N. A. (2018). Conceptualising the 

influence of total quality management and organizational performance in Klang Valley service industry. Advanced Science 

Letters, 24(5), 3240-3243. 

[35] Wasage, C (2016). Implementation of Six Sigma Projects in Fortune 500 Companies. Journal of Modern Accounting and 

Auditing, April 2016, Vol. 12, No. 4, 208-216 doi: 10.17265/1548-6583/2016.04.002. 

[36] Stankalla, R.,Chromjakova, F., & Koval, O. (2019). A review of the Six Sigma belt system for manufacturing small and 

medium-sized enterprises, Quality Management Journal, 26:2, 100-117, DOI: 10.1080/10686967.2019.1580119 

 [37] Cheng, J-L (2017). Implementing Six Sigma via Management by Objectives Strategy: An Empirical Study in Taiwan. 

Journal of Business and Management Sciences, 2017, Vol. 5, No. 2, 35-41 Available online at 

http://pubs.sciepub.com/jbms/5/2/2 ©Science and Education Publishing DOI:10.12691/jbms-5-2-2. 

 [38] Pakdil, F, Toktas, P & Can, G.F (2020). A Study on Six Sigma Project Prioritization and Selection in Healthcare Industry 

Using KEMIRA-M Method. Proceedings of the 5th NA International Conference on Industrial Engineering and Operations 

Management Detroit, Michigan, USA, August 10 - 14, 2020 

https://doi.org/10.1007/s11365-023-00830-z
https://doi.org/10.1007/s11365-023-00830-z
https://doi.org/10.1108/BIJ-08-2017-0223
http://dx.doi.org/10.1007/s40092-016-0143-0
http://doi.org/10.15446/dyna.v86n
http://www.globalscientificjournal.com/
https://doi.org/10.1080/10686967.2019.1580119


U-Dominic et al./Unizik Journal of Technology, Production and Mechanical Systems (UJTPMS), 5(1)    200 

[39] Yoo and Choi, (2019). Project Selection of Six Sigma Using Group Fuzzy AHP and GRA Journal of the Korea 

Convergence Society Vol. 10. No. 11, pp. 149-158, 2019 ISSN 2233-4890 https://doi.org/10.15207/JKCS.2019.10.11.149. 

 [40] Abdalhkiem, F.A & Nebojša, Z & Aleksandra, T (2017). Identification and selection of six sigma projects. Journal of 

Process Management. New Technologies. 5. 10.5937/jouproman5-13748. Al-Qatawneh,L.,  

 [41] Takao, M.R.V., Woldt, J., and Silva, I.B (2017). Six Sigma methodology advantages for small- and medium-sized 

enterprises: A case study in the plumbing industry in the United States. Advances in Mechanical Engineering 2017, Vol. 

9(10) 1–10 The Author(s) 2017 DOI: 10.1177/1687814017733248 journals.sagepub.com/home/ade. 

 [42] Tabassum, Z., Bayrakta, C.A, Din, A.M, Durucu, M (2016). Analysis of critical success factors of six sigma in Pakistan 

Small and Medium-sized Enterprises. World Academy of science, Engineering and Technology. International Journal of 

Economics and Management Engineering Vol. 10, No.8. 

[43] Marzagão, D. S. L., & Carvalho, M. M. (2016). Critical success factors for Six Sigma projects. International Journal of 

Project Management, 34(8), 1505-1518. https://doi.org/10.1016/j.ijproman.2016.08.005 

 [44] Swain, A.K, Cao, Q.R.,Gardner, W.L (2018).Six Sigma success: Looking through authentic leadership and behavioral 

integrity theoretical lenses, Operations Research Perspectives, Volume 5, 2018, Pages 120-132, 

https://doi.org/10.1016/j.orp.2018.04.001. 

 [45] Anand K (2021).A Study of Barriers and Critical Success Factors for Implementing In It System and Processes. IOSR 

Journal of Business and Management (IOSR-JBM) e-ISSN: 2278-487X, p-ISSN: 2319-7668. Volume 23, Issue 1. Ser. III 

(January 2021), PP 19-24 www.iosrjournals.org. DOI: 10.9790/487X-2301031924. 

 [46] Haider, S.T, Al-kilidar, H &Leveaux, R (2020).Critical Success Factors for Quality Implementation in the Manufacturing 

Industry. Vision 2020: Sustainable Economic development, Innovation Management, and Global Growth. 

[47] Lawal, J.N (2020). The development of a Quality Management implementation model for the Nigerian Space Industry. PhD 

thesis submitted in partial fulfillment of the requirements for the award of the degree of Doctor of Philosophy of the 

University of Portsmouth, Department of Operations and Systems management, Faculty of Business and Law  

[48] Kelijia, P.B., Diz Abadia, B.S and Abedinia, M (2018)Investigating readiness in the Iranian steel industry through six sigma 

combined with fuzzy delphi and fuzzy DANP. Decision Science Letters 7 (2018) 465–480. 

[49] Mandlecha, A (2018). Six Sigma in Service Sector a Case Study of Improving Content Delivery Platform And Six Sigma in 

Hr Administration. 

[50] Girmanová, l., Solc, M., Kliment, J., Divoková, A., Mikloš, V  (2017).Application of Six Sigma Using DMAIC 

methodology in the process of product quality control in metallurgical operation.Acta TechnologicaAgriculturae 4 Nitra, 

Slovaca Universitas AgriculturaeNitriae, 2017, pp. 104–109. 

[51] Eniola, A.A., Olorunleke, G,K, Akintimehin, O.O, Ojeka, J.D, Oyetunji, B (2019). The impact of organizational culture on 

total quality management in SMEs in Nigeria. Iteliyon 5 (2019) e02293  

[52] Jadhav, S., Imran, A. & Haque, M. (2023). Application of six sigma and the system thinking approach in COVID-19 

operation management: a case study of the victorian aged care response centre (VACRC) in Australia. Oper Manag Res 16, 

531–553 (2023). https://doi.org/10.1007/s12063-022-00323-2 

[53] Deeb, S., Bril-ElHaouzi, H., Aubry, A., Dassisti, M (2018). A generic framework to support the implementation of the Six 

Sigma approach in SMEs. IFAC papers online 51-11, 921-926. 

 [54] Jahan, A., Edwards, K., Bahraminasab, M (2016) Multi-criteria Decision Analysis for Supporting the Selection of 

Engineering Materials in Product Design. 2nd Edition, : Butterworth-Heinemann. Paperback ISBN: 9780081005361 

[55] Rimantho, D., Rahman, T.A., Cahyadi, B., Hernawati, T (2017). Application of Six Sigma and AHP in analysis of variable 

lead time calibration process instrumentation.The 1st International Conference on Mathematics, Science, and Computer 

Science (ICMSC) 2016 AIP Conf. Proc. 1813, 040004-1–040004-13; doi: 10.1063/1.4975969. 

 [56] Cakir, E (2017). Application of Fuzzy Multi-Criteria Decision Making Methods on Six Sigma Projects Selection.Journal of 

Social and Administrative Sciences.Vol. 4 Issue1. 

[57] U-Dominic, C.M., Ujam, J.C. & Igbokwe, N.C (2021). Applications of Analytical Hierarchy Process (AHP) and 

Knowledge Management (KM) Concepts in Defect Identification: A Case of Cable Manufacturing Asian Journal of 

Advanced Research and Reports. 15(5): 9-21, 2021; [59] 

  [58] Alinezhad, A. The Selection of the Most Ideal Choice of Six Sigma Project Using GREY TOPSIS and its Improvement by 

TRIZ (Case Study: Municipality of Tehran)”. Journal of applied Environmental and Biological Sciences, Vol. 5, No. 12, pp. 

631-642, 2015 . 

 [59] Şahin, M. A ((2021).). Comprehensive analysis of weighting and multicriteria methods in the context of sustainable 

energy. Int. J. Environ. Sci. Technol. 18, 1591–1616 https://doi.org/10.1007/s13762-020-02922-7 

[60] Boltürk, Eda & Kahraman, Cengiz. (2018). Interval-valued neutrosophic AHP with possibility degree method. International 

Journal of the Analytic Hierarchy Process. 10. 10.13033/ijahp.v10i3.545. 

 [61] Gülüm Taş, P, Ayyildiz, E & Taskin, A 2021, 'A two level interval valued neutrosophic AHP integrated TOPSIS 

methodology for post-earthquake fire risk assessment: An application for Istanbul', International Journal of Disaster Risk 

Reduction, vol. 61, 102330. https://doi.org/10.1016/j.ijdrr.2021.102330 

[62] Meng, Q., & Okwara, U. K. (2024). Identifying and modelling the barriers to returns of end-of-life (EOL) heavy-duty 

machinery in Nigeria: A consumers’ perspective. Journal of Cleaner Production, 471, 143421. 

https://doi.org/10.1016/j.jclepro.2024.143421 

https://doi.org/10.15207/JKCS.2019.10.11.149
https://doi.org/10.1016/j.ijproman.2016.08.005
https://doi.org/10.1016/j.orp.2018.04.001
http://www.iosrjournals.org/
https://doi.org/10.1007/s12063-022-00323-2
https://qiau.academia.edu/alialinezhad?swp=tc-au-37150879
https://doi.org/10.1007/s13762-020-02922-7
https://doi.org/10.1016/j.ijdrr.2021.102330


U-Dominic et al./Unizik Journal of Technology, Production and Mechanical Systems (UJTPMS), 5(1)    201 

[63] Eryarsoy, E., Kilic, H. S., Zaim, S., & Doszhanova, M. (2022). Assessing IoT challenges in supply chain: A comparative 

study before and during- COVID-19 using interval valued neutrosophic analytical hierarchy process. Journal of Business 

Research, 147, 108-123. https://doi.org/10.1016/j.jbusres.2022.03.036 

[64] Gul, M., Yucesan, M., & Erdogan, M. (Eds.). (2022). Multi-Criteria Decision Analysis: Case Studies in Disaster 

Management (1st ed.). CRC Press. https://doi.org/10.1201/9781003212904. 

[65] Peng, X.; Zhang, X.; Luo, Z. Pythagorean fuzzy MCDM method based on CoCoSo and CRITIC with score function for 5G 

industry evaluation. Artif. Intell. Rev. 2020, 53, 3813–3847.  

[66] Shah Z. A & Din A.M (2016). Critical Success Factors for Successful Implementation of Six Sigma in Pakistani Industries. 

Proceedings of the 2016 International Conference on Industrial Engineering and Operations Management Detroit, 

Michigan, USA, September 23-25, 201 

[67] Kwak, Y. H., & Anbari, F. T. (2006). Benefits, obstacles, and future of six sigma approach. Technovation, 26(5-6), 708-

715. 

[68] Rajamanoharan, I.D & Collier P (2006). Six Sigma implementation, organisational change and the impact on performance 

measurement systems. International Journal of Six Sigma and Competitive Advantage (IJSSCA), Vol. 2, No. 1, 2006 

[69] Pradhan, S.K., Reosekar, R.S. and Routroy, S. (2021), "Enhancing supplier capability through Six Sigma enablers", The 

TQM Journal, Vol. 33 No. 8, pp. 1683-1704. https://doi.org/10.1108/TQM-06-2020-0141 

 [70] Banuelas Coronado, R. and Antony, J. (2002), "Critical success factors for the successful implementation of six sigma 

projects in organisations", The TQM Magazine, Vol. 14 No. 2, pp. 92-99. https://doi.org/10.1108/09544780210416702  

[71] Singh, D., & Singh, G. (2021). Critical success factors for Six Sigma implementation in Indian SMEs: an evaluation using 

AHP. Measuring Business Excellence, 25(2), 152-170. 

 [72] Kumar, M., Antony, J., & Rae Cho, B. (2009). Project selection and its impact on the successful deployment of Six 

Sigma. Business Process Management Journal, 15(5), 669-686. 

[73] Obi, J., Ibidunni, A. S., Tolulope, A., Olokundun, M. A., Amaihian, A. B., Borishade, T. T., & Fred, P. (2018). 

Contribution of small and medium enterprises to economic development: Evidence from a transiting economy. Data in 

Brief, 18, 835-839. https://doi.org/10.1016/j.dib.2018.03.126 

 

 

Appendix:  

Table 1: Pairwise comparison matrix of SS CSFs’ contexts for an expert group 

 

Table 2. Pairwise comparison of CSFs for an expert group 

CSFs OB1 OB2 OB3 OB4 OB5 OB6 

Economic 

benefits (OB1) 

[(0.5,0.6), 

(0.3,0.35),(0.

5,0.6)] 

[(0.85,0.99), 

(0.05,0.15), 

(0.1,0.3)] 

[(0.5,0.6), 

(0.3,0.35), 

(0.5,0.6)] 

[(0.4,0.5), 

(0.75,0.7), 

(0.6,0.85)] 

[(0.7,0.9), 

(0.2,0.25), 

(0.3,0.4)] 

[(0.3,0.4), 

(0.8,0.75), 

(0.7,0.9)] 

Organizational 

resources(OB2) 

[(0.2,0.35), 

(0.85,0.8), 

(0.8,0.95)] 

[(0.5,0.6), 

(0.3,0.35), 

(0.5,0.6)] 

[(0.6,0.85)

, 

(0.25,0.3), 

(0.4,0.5)] 

[(0.5,0.6),(0.7

,0.65),(0.5,0.6

)] 

[(0.5,0.6),(0.

7,0.65), 

(0.5,0.6)] 

[(0.6,0.85), 

(0.25,0.3), 

(0.4,0.5)] 

Organizational 

infrastructure(OB

3) 

[(0.7,0.9),(0.2

,0.25),(0.3,0.4

)] 

[(0.4,0.5), 

(0.75,0.7), 

(0.6,0.85)] 

[(0.5,0.6), 

(0.3,0.35), 

(0.5,0.6)] 

[(0.8,0.95), 

(0.15,0.2), 

(0.2,0.35)] 

[(0.6,0.85), 

(0.25,0.3),(0

.4,0.5)] 

[(0.4,0.5), 

(0.75,0.7), 

(0.6,0.85)] 

Top management 

support(OB4) 

[(0.8,0.95), 

(0.15,0.2), 

[(0.5,0.6), 

(0.3,0.35), 

[(0.2,0.35)

, 

[(0.5,0.6), 

(0.3,0.35), 

[(0.5,0.6), 

(0.3,0.35), 

[(0.5,0.6), 

(0.3,0.35), 

Contexts  Organizational (OB) Project-based (PB) Knowledge-

based(KB) 

Socio-

institutional(SI) 

Organizati

onal 

 [(0.5,0.6),(0.3,0.35),(

0.5,0.6)] 

[(0.7,0.9),(0.2,0.25), 

(0.3,0.4)] 

[(0.4,0.5),(0.75,0.7), 

(0.6,0.85)] 

[(0.2,0.35),(0.85,0.8)

, 

(0.8,0.95)] 

Project-

based 

 [(0.8,0.95),(0.15,0.2)

, 

(0.2,0.35)] 

[(0.85,0.99), 

(0.05,0.15),(0.1,0.3)] 

[(0.8,0.95),(0.15,0.2)

, 

(0.2,0.35)] 

[(0.5,0.6),(0.3,0.35),(

0.5,0.6)] 

Knowledg

e-based 

 [(0.6,0.85),(0.25,0.3)

, 

(0.4,0.5)] 

[(0.6,0.85),(0.25,0.3)

, 

(0.4,0.5)] 

[(0.5,0.6),(0.3,0.35),(

0.5,0.6)] 

[(0.2,0.35),(0.85,0.8)

, 

(0.8,0.95)] 

Socio-

institution

al  

 [(0.3,0.4), 

(0.8,0.75),(0.7,0.9)] 

[(0.5,0.6),(0.3,0.35),(

0.5,0.6)] 

[(0.4,0.5),(0.75,0.7), 

(0.6,0.85)] 

[(0.1,0.3),(0.95,0.85)

, 

(0.85,0.99)] 

      

https://doi.org/10.1201/9781003212904
https://www.inderscience.com/info/inarticle.php?artid=9369
https://www.inderscience.com/info/inarticle.php?artid=9369
https://www.inderscience.com/jhome.php?jcode=ijssca
https://www.inderscience.com/info/inarticletoc.php?jcode=ijssca&year=2006&vol=2&issue=1
https://www.emerald.com/insight/search?q=Sudeep%20Kumar%20Pradhan
https://www.emerald.com/insight/search?q=Ravi%20Shrikrishna%20Reosekar
https://www.emerald.com/insight/search?q=Srikanta%20Routroy
https://www.emerald.com/insight/publication/issn/1754-2731
https://www.emerald.com/insight/publication/issn/1754-2731
https://doi.org/10.1108/TQM-06-2020-0141
https://www.emerald.com/insight/search?q=Ricardo%20Banuelas%20Coronado
https://www.emerald.com/insight/search?q=Jiju%20Antony
https://www.emerald.com/insight/publication/issn/0954-478X
https://doi.org/10.1108/09544780210416702
https://doi.org/10.1016/j.dib.2018.03.126


U-Dominic et al./Unizik Journal of Technology, Production and Mechanical Systems (UJTPMS), 5(1)    202 

(0.2,0.35)] (0.5,0.6)] (0.85,0.8), 

(0.8,0.95)] 

(0.5,0.6)] (0.5,0.6)] (0.5,0.6)] 

Linking SS to 

corporate 

goals(OB5) 

[(0.8,0.95), 

(0.15,0.2), 

(0.2,0.35)] 

[(0.85,0.99), 

(0.05,0.15), 

(0.1,0.3)] 

[(0.8,0.95)

, 

(0.15,0.2), 

(0.2,0.35)] 

[(0.4,0.5), 

(0.75,0.7), 

(0.6,0.85)] 

[(0.6,0.85), 

(0.25,0.3), 

(0.4,0.5)] 

[(0.4,0.5), 

(0.75,0.7), 

(0.6,0.85)] 

Linking SS to 

employees(OB6) 

[(0.3,0.4), 

(0.8,0.75),(0.

7,0.9)] 

[(0.5,0.6), 

(0.3,0.35), 

(0.5,0.6)] 

[(0.3,0.4), 

(0.8,0.75), 

(0.7,0.9)] 

[(0.5,0.6),(0.7

,0.65),(0.5,0.6

)] 

[(0.5,0.6), 

(0.3,0.35), 

(0.5,0.6)] 

[(0.5,0.6), 

(0.7,0.65), 

(0.5,0.6)] 

 

 

Table 3:  Normalized matrix of SS implementation CSFs’ contexts for an expert group 

Contexts Organizational (OB) Project-based (PB) Knowledge-

based(KB) 

Socio-

institutional(SI) 

Organizati

onal 

[(0.11,0.14),(0.5,0.4

7), 

(0.3,0.38)] 

[(0.15,0.18), 

(0.29,0.33),(0.28,0.3

3)] 

[(0.16,0.2),(0.38,0.36

), 

(0.23,0.32)] 

[(0.06,0.19),(0.34,0.3

), 

(0.24,0.28)] 

Project-

based 

[(0.21,0.3),(0.16,0.1

9), 

(0.17,0.21)] 

[(0.18,0.25), 

(0.24,0.29),(0.22,0.2

8)] 

[(0.2,0.24),(0.15,0.18

), 

(0.19,0.23)] 

[(0.13,0.22),(0.3,0.29

), 

(0.23,0.27)] 

Knowledg

e-based 

[(0.29,0.34), 

(0.09,0.13),(0.09,0.1

5)] 

[(0.25,0.3),(0.05,0.14

), 

(0.06,0.17)] 

[(0.3,0.4),(0.08,0.17)

, 

(0.08,0.13)] 

[(0.31,0.38), 

(0.11,0.13),(0.14,0.1

7)] 

Socio-

institution

al  

[(0.18,0.21), 

(0.19,0.22),(0.21,0.2

6)] 

[(0.21,0.27), 

(0.19,0.24),(0.17,0.2

2)] 

[(0.16,0.2),(0.38,0.36

), 

(0.23,0.32)] 

[(0.13,0.22),(0.3,0.29

), 

(0.23,0.27)] 

  

Table 4:  Normalized matrix of CSFs for an expert group 

CSFs OB1 OB2 OB3 OB4 OB5 OB6 

Economic 

benefits (OB1) 

[(0.4,0.5), 

(0.75,0.7), 

(0.6,0.85)] 

[(0.25,0.29), 

(0.08,0.1), 

(0.06,0.12)] 

[(0.3,0.4), 

(0.8,0.75), 

(0.7,0.9)] 

[(0.85,0.99), 

(0.05,0.15),(

0.1,0.3)] 

[(0.7,0.9),(

0.2,0.25),(0

.3,0.4)] 

[(0.15,0.18)

,(0.15,0.18)

, 

(0.17,0.2)] 

Organizational 

resources(OB2) 

[(0.08,0.14),(0.2

6, 

0.25),(0.2,0.25)] 

[(0.5,0.6), 

(0.3,0.35), 

(0.5,0.6)] 

[(0.6,0.85),(0.

25,0.3), 

(0.4,0.5)] 

[(0.5,0.6),(0.

7,0.65), 

(0.5,0.6)] 

[(0.5,0.6),(

0.7,0.65), 

(0.5,0.6)] 

[(0.3,0.35), 

(0.06,0.08), 

(0.08,0.1)] 

Organizational 

infrastructure(O

B3) 

[(0.3,0.35),(0.06,

0.08),(0.08,0.1)] 

[(0.12,0.15), 

(0.38,0.36),(0.2,

0.28)] 

[(0.5,0.6), 

(0.3,0.35), 

(0.5,0.6)] 

[(0.8,0.95), 

(0.15,0.2), 

(0.2,0.35)] 

[(0.6,0.85), 

(0.25,0.3),(

0.4,0.5)] 

[(0.5,0.6),(

0.7,0.65), 

(0.5,0.6)] 

Top 

management 

support(OB4) 

[(0.04,0.12), 

(0.3,0.26), 

(0.22,0.26)] 

[(0.15,0.18), 

(0.15,0.18), 

(0.17,0.2)] 

[(0.2,0.35), 

(0.85,0.8), 

(0.8,0.95)] 

[(0.5,0.6), 

(0.3,0.35), 

(0.5,0.6)] 

[(0.3,0.35), 

(0.06,0.08), 

(0.08,0.1)] 

[(0.7,0.9),(

0.2,0.25),(0

.3,0.4)] 

Linking SS to 

corporate 

goals(OB5) 

[(0.2,0.24), 

(0.09,0.1), 

(0.13,0.16)] 

[(0.5,0.6), 

(0.7,0.65), 

(0.5,0.6)] 

[(0.85,0.99), 

(0.05,0.15),(0

.1,0.3)] 

[(0.6,0.85), 

(0.25,0.3),(0

.4,0.5)] 

[(0.5,0.6), 

(0.3,0.35), 

(0.5,0.6)] 

[(0.15,0.18)

, 

(0.15,0.18), 

(0.17,0.2)] 

Linking SS to 

employees 

(OB6) 

[(0.12,0.16), 

(0.25,0.2), 

(0.2,0.2)] 

[(0.15,0.18), 

(0.2,0.2), 

(0.2,0.2)] 

[(0.4,0.5), 

(0.75,0.7), 

(0.6,0.85)] 

[(0.5,0.6), 

(0.7,0.65), 

(0.5,0.6)] 

[(0.4,0.5), 

(0.75,0.7), 

(0.6,0.85)] 

[(0.5,0.6), 

(0.3,0.35),(

0.5,0.6)] 

 

 


