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Abstract 
 

 

 

 

 

 

1 | Introduction  

The intense competitive environment has accelerated business environment changes, making them more 

challenging. Total Quality Management (TQM) has been introduced as a superior strategy to achieve 

excellence and sustainable competitive advantage, and it has also followed a rapid expansion [1]. Due to its 

systematic approach to achieving the organization's strategic goals has become an essential factor for growth 
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Quality is an abstract concept that is included in production planning and management among industrial 

competitions, and its result in customer satisfaction and gaining market share has led to significant economic 

consequences for the organization. The present study sought to extract the enablers of Total Quality 

Management (TQM) in the steel industry, aiming to analyze the relationships between them using the 

DEMATEL-ISM integration method effectively, which can understand the complex correlations between the 

influencing factors and by using them and provide a hierarchical relational diagram of the effective factors. 

Thus, the importance of factors and quantifying the causal relationships among them were discussed. Eleven 

enablers were extracted, and their relationships were modeled at five levels. The first level includes the four 

enablers of resource management, standardization of processes and management, performance measurement, 

regular review of customer satisfaction, and conducting quality audits, and the fifth level includes commitment 

and management support. This study provided strong evidence to the management of steel industries to 

rationally develop strategies by considering the influence of enablers. 
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and development in production and service organizations [2]. Here, some of its different applications are 

mentioned: the adaptation of quality management of Industry 4.0 [3]; integration of the two concepts of 

Environmental, Social, and Governance (ESG) and TQM, which promises a sustainable and progressive 

world [4]; its effective implementation for ISO certified construction companies [5]; its application in 

renewable energy projects and its integration with the concept of responsible managers' role [6], reduction of 

environmental impacts in the green supply chain [7]; its integration with the industry of intelligent 

transportation systems [1]; examining the performance of the organization considering TQM and social 

responsibility [8]; and the influence and power of TQM in organizations as a way to improve the quality of 

human resources [9]. 

What was stated is an example of comprehensive attention to this concept and its effective performance in 

planning, assurance, control, and quality improvement, turning it into a broad and open concept aiming to 

meet customer expectations. Despite many articles in this field, the successful implementation of TQA 

depends on its essential factors. This research seeks to identify and evaluate TQA enablers in the steel 

industry. Among Iran's industries, the steel industry has grown significantly, and steel companies have defined 

their values in terms of improving quality and employee participation in the decision-making process, 

customer orientation, and paying attention to the demands and needs of service recipients. In their significant 

goals, the establishment and maintenance of quality management systems based on ISO series standards and 

the promotion of quality management systems and service and customer satisfaction are defined. Since TQM 

is an organizational strategy that provides high-quality services and products to customers through 

quantitative and qualitative methods, identifying and evaluating TQM enablers can help realize the 

organization's goals. 

Identifying the TQM enablers and screening them by the Delphi technique, the present study combined the 

Decision-Making Trial and Evaluation Laboratory (DEMATEL) and Interpretive Structural Modeling (ISM) 

to integrate the advantages of the two models as proper techniques in analyzing a large number of direct and 

indirect related factors [10]. Analyzing the integrated model is effective for complex systems from the view 

of mutual relations [11]. DEMATEL is a structured approach based on graph and matrix theory [12], and 

ISM is a structured approach that represents the relationships between factors through a hierarchical diagram 

[13]. 

Since most of the research on TQM enablers has been done with other decision-making methods, the use of 

this method is considered an innovation of this research, and it is also a promising part of case analysis for 

enablers, which can greatly help senior managers in formulating effective strategies in realizing the goals of 

the organization. Some research on the TQM enablers has been done in service industries and communication 

and information technology with few multi-criteria decision-making methods [14]–[17]. From their results, it 

can be concluded that using more comprehensive methods to analyze the results can bring more beneficial 

management consequences. 

The article is organized as follows: Section 2 discusses the theoretical background, including examining the 

enablers' concepts. Section 3 of the research methodology is briefly described in DEMATEL-ISM. Section 4 

includes research findings and model implementation results. After that, in the last part, the discussion and 

conclusions about the model's results are discussed. 

2 | Review of Literature 

In this section, the literature of this field is reviewed to extract the TQM enablers. 

2.1 | TQM Enablers 

Enabler means enabling or giving power, competence, or ability and is a variable that can create and maintain 

sustainability in TQM [15]. They provide results that motivate innovation and learning in the field under 

investigation. They increase performance and help the organization to achieve excellence [17]. TQM enablers 
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have been identified as a long-term commitment in the industry [18]. Previous studies have investigated the 

enablers of TQM implementation in different industries, and they can be considered responsible for obtaining 

better results and successful TQM implementation; therefore, they have high reliability [14]. With a critical 

review of the literature, the enablers can be grouped into five main categories, and the criteria of each of them 

are described and expressed in the following. 

2.1.1 | Leadership-based enablers 

Leadership-based enablers are defined as dividing power, assigning autonomy, and enforcing responsibilities 

to employees through implementing a series of leader behaviors [19]. Issues related to enablers are not only 

raised at the level of employees but the role of empowering leaders in improving the performance of 

organizations and employees has been investigated in many studies [20]–[22]. This type of enabler at the 

management level can increase productivity and subsequently improve the organization's performance by 

increasing employees' self-esteem [19]. 

When managers have enough confidence in the expertise of their employees, its effect can be seen well in 

employees' decisions [20]. Empowering leadership emphasizes the autonomy of employees [23]. Enforcing 

the authority of managers to lower levels and making the right decisions for employees gives higher-level 

managers more time and energy to deal with strategic issues, leading to the growth and prosperity of managers 

and employees, thus affecting the performance of leaders [20]. It is important to note that although 

empowering leadership behaviors cannot motivate employees to work harder, they can significantly motivate 

them to work smarter [24]. When employees are supported by management, it enables them to perform well 

in their jobs [25]. Based on what was said in this category, two TQM enablers are employed: creating 

commitment and management support [18], [26]–[33], leadership style, and change in organizational culture 

[18], [28], [32], [34]–[36]. 

2.1.2 | Resources and competency development-based enablers 

Resources support the implementation of TQM programs, reflecting the organization's ability to use different 

and available resources and quality management tools [37]. The organization must train employees to use 

quality management methods and tools [5]. There is a deep and significant relationship between the factors 

of TQM technical and executive training in employee retention and satisfaction [29]. Also, employees must 

invest more resources to achieve defined goals [38], [39]. 

The development and attraction of employees committed to the organization's goals can be effective in 

implementing TQM. In this enabler, the effectiveness of human resources is discussed in terms of 

recruitment, training and development, communication, safety, and workforce satisfaction [40]. Many studies 

have been done about the recruitment process and its impact on organizational performance, and all of them 

emphasize that a good recruitment process leads to better adaptation of employees and their excellent 

performance and satisfaction [41]. Upgrading and improving available human resources is essential for 

companies to bring themselves the power to compete with others. Hence, the TQM implementation strategy 

can be crucial in human enablers [9]. TQM practices should be considered to allocate resources and 

continuously improve performance properly [42]. For this category, two enablers, resource management [18], 

[28], [34]–[36], [43] and personnel management [18], [28], [40] are considered. 

2.1.3 | Process management-based enablers 

This category plays a vital role in accepting new techniques such as process improvement, standardization, 

and knowledge development [31]. Quality must be built throughout the process - quality is not the result of 

random variation. It must focus on the process, which stems from the principle of prevention rather than 

correcting mistakes. In this case, the error dispersion of the production process is reduced to the minimum 

value [9]. Therefore, the responsibility for quality must be distributed among all departments and employees 

and in all methods [7]. With these explanations, two enablers have been considered for this category: the 
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implementation of the training program and the implementation of TQM training [18], [28], [30], [31] and the 

standardization of processes and management [18], [33]–[36], [40]. 

2.1.4 | Teamwork and participation-based enablers 

Teamwork and empowering management, employees, and suppliers are among the factors that influence the 

successful implementation of TQM. The dynamic nature of work groups and the correct understanding of 

what happens in them is a challenge that can significantly contribute to the organization's excellence in the 

case of appropriate situations [44]. There is a direct and significant relationship between the performance of 

employees and TQM [45]. Information sharing facilitates problem-solving in teamwork [17]. Knowledge 

sharing affects the organization's employees in different ways and will lead to achieving the desired results for 

the organization [46]. Knowledge and participation will play an essential role in the creativity and excellence 

of employees' performance [46]. Therefore, two enablers have been considered for this category: teamwork 

development [18], [26], [28], [30] and employee relations [18], [29], [30], [40]. 

2.1.5 | Continuous improvement based enablers 

As a philosophy, continuous quality improvement is necessary to gain a competitive advantage and ensure 

the success and better performance of the organization [47]. If an organization is not committed to 

continuous improvement due to lack of awareness of its basic concepts, TQM will not necessarily improve 

its performance and excellence [48]. Continuous improvement and customer satisfaction are closely related - 

through interaction with customers, not only will their needs be met, but beyond what customers want will 

be identified and provided by the company. As a result, it will guarantee the satisfaction and loyalty of 

customers to the company. Changing the direction of work to improve performance in the short term, 

maintain profits, and increase efficiency in the long time is a continuous improvement mechanism [49]. 

It should be noted that continuous improvement is a common task throughout the organization, including 

production line operators, sales and marketing officials who are in close contact with customers, and senior 

management. Gaining customer satisfaction leads to more market share [16]. Three criteria are considered for 

this category: regular review of customer satisfaction and quality audit [18], [28], [30], [33], [34] customer 

feedback [18], [27], [34], [50] and performance measurement [18], [26], [33], [36]. 

3 | Methodology 

TQM enablers were extracted through comprehensive and critical literature. The Delphi technique is used to 

screen them, and to level the enablers, the combined method of DEMATEL-ISM is used. The statistical 

population of this study includes ten experts who are familiar with TQM concepts, have work experience of 

ten years or more, and have at least a bachelor's degree. In choosing them, they tried to have work experience 

in steel companies' Research and Development (R&D) departments. The tool for collecting information is a 

questionnaire. In the following, the methods employed in the study are described.  

3.1 | Delphi Method 

This method is based on the consensus of experts, and it is a structured process for classifying and collecting 

existing knowledge among experts in a research field. In this method, data is collected through a questionnaire, 

and controlled feedback is given on the answers. The Delphi technique is one of the most widely used 

methods to identify and screen decision-making indicators. It is a univariate analysis tool that facilitates 

communications among experts. 

3.2 | DEMATEL-ISM Integration Method 

The DEMATEL technique is used to discover causal and logical correlations between factors in complex 

systems based on expert judgment. ISM is a similar method that expresses the structured model of agents in 

terms of visual multilevel structural relationships [51]. Both techniques are used for deep analysis of problems 
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and have been used separately in past studies. Since both have their focus when used independently, they may 

not provide a comprehensive and accurate answer to the mechanisms affecting system performance. 

Therefore, their combined method that provides more accurate results is used [10]–[13], [51], [52]. More 

developed models have also been introduced to combine them [53], [54]. According to its requirements and 

assumptions, the model presented by Wang et al. [55] was used in the present study. According to this method, 

the output of the DEMATEL method will be used as the input of the ISM method. The technique is described 

below: 

I. Establishing the direct correlation matrix M: using the 5-point Likert scale (0 to 4). The pairwise influence 

of the criteria on each other is measured. Then, the arithmetic mean of the scores of all the expert 

questionnaires is calculated for each pair of mutual elements to build the M matrix. n represents the number 

of factors, and aij shows the degree of influence of factor i on factor j. 

II. Calculating the normalized direct relation matrix N: For this purpose, the coefficient k is multiplied by the 

matrix M. 

III. Calculating the full correlation matrix T: considering I as a matrix of the same order as the matrix N. 

IV. Calculating the degree of influence (Di), degree of being influenced (Ci), degree of centrality (Mi), and degree 

of cause (Ri): for each factor in the complete correlation matrix, the named degrees are calculated according to 

the following formula: 

V. Calculating the overall influence matrix H: if I is considered an identity matrix, the matrix H is calculated as 

follows: 

VI. Determining the reachability matrix K: This step requires the introduction of the threshold value λ, whose 

value is determined based on the opinion of experts. Its introduction aims to remove influence relations with 

a low degree of influence, simplify the system structure, and facilitate the division of the hierarchical structure 

[51]. 

VII. Hierarchical division: based on the reachability matrix, the set of input (prerequisite) and output 

(achievement) criteria is calculated for each criterion. Then, the common factors are determined. At this 

stage, the criterion has the highest level: the output set (reachability) equals the common set. After 

identifying this variable or variables, their rows and columns are removed from the table, and the operation 

is repeated on other criteria. 

M=(
a1n ⋯ ann

⋮ ⋱ ⋮
an1 ⋯ ann

). (1) 

N= K∗ M =(
1

max ∑ xij n
j=1

) *M,         1≤x≤n. (2) 

T=N (I-N)-1 . (3) 

Di=∑ tij,       (i=1,2,……,n)n
j=1  , 

Ci=∑ tji,     (i=1,2,……,n)n
j=1  , 

Mi=Di + Ci , 

Ri= Di - Ci. 

(4) 

H= T + I. (5) 

Kij={
1,    hij ≥ λ  (i , j=1,2,3,……,n),

0,   hij < λ  (i , j=1,2,3,……,n).
 (6) 
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4 | Findings 

After extracting the enablers of TQM to match and localize them with the field of research, a questionnaire 

was designed and provided to the experts to rate each indicator based on a five-point Likert scale (0 to 4). It 

should be noted that experts have confirmed the validity of the questionnaire, and its final value has been 

confirmed with Cronbach's alpha 0.735. After completing the questionnaires once, the average scores for 

each index were determined, and if the average score was less than three, the index was eliminated. All scores 

were above three in these calculations, so no indicator was removed. This result was not far from the 

expectation because the indicators were extracted with a critical background review. Table 1 shows the 

indicators and their average scores. 

Table 1. The results of the Delphi technique. 

 

 

 

 

  

 

 

4.1 | DEMATEL-ISM Method Results  

First, ten selected experts were asked to determine the impact of each criterion on the other based on a 5-

point Likert scale (0 to 4) through the questionnaire provided to them. Then, their opinions were merged 

with the arithmetic mean method. In this way, the direct correlation matrix (M) is formed, and after 

normalizing it, to calculate the complete correlation matrix by considering the matrix (I), the matrix T was 

calculated with the following values: 

Table 2. Complete correlation matrix T. 

 

 

 

 

 

 

 

 

You can draw the following Fig. 1 by calculating the values of the correlation vector and the superiority vector 

that are announced in Table 3. 

  

Code  Indicators Mean Scores 
C1 Management commitment and support 4.1 
C2 Regular customer satisfaction reviews and audits 3.5 
C3 Personnel management 3.6 
C4 Employee relations 3.7 
C5 Implementation of training program and implementation of TQM training 3.5 
C6 Performance evaluation 3.8 
C7 Development of teamwork 3.9 
C8 Changes in organizational culture 3.8 
C9 Standardization of processes and management 3.8 
C10 Resource management 3.3 
C11 Customer feedback 3.4 

  C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 
C1 0.082 0.278 0.210 0.213 0.185 0.287 0.212 0.188 0.254 0.218 0.238 
C2 0.043 0.075 0.121 0.056 0.054 0.148 0.070 0.049 0.143 0.077 0.074 
C3 0.098 0.230 0.090 0.137 0.127 0.240 0.178 0.157 0.184 0.146 0.183 
C4 0.076 0.210 0.121 0.062 0.083 0.170 0.115 0.140 0.139 0.098 0.147 
C5 0.094 0.252 0.173 0.160 0.076 0.237 0.133 0.143 0.180 0.180 0.197 
C6 0.081 0.216 0.151 0.129 0.166 0.127 0.126 0.137 0.151 0.138 0.164 
C7 0.101 0.217 0.135 0.164 0.120 0.225 0.075 0.105 0.178 0.136 0.145 
C8 0.097 0.186 0.096 0.089 0.073 0.185 0.112 0.061 0.148 0.119 0.140 
C9 0.097 0.179 0.096 0.110 0.066 0.189 0.086 0.111 0.082 0.115 0.113 
C10 0.064 0.151 0.053 0.066 0.058 0.124 0.067 0.067 0.125 0.046 0.058 
C11 0.069 0.173 0.078 0.077 0.085 0.154 0.064 0.095 0.125 0.131 0.061 
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Table 3. Importance and effectiveness of criteria. 

 

 

 

 

 

  

 

 

 

 

Fig. 1. Causal diagram of factors. 

The DEMATEL method has been carried out up to this point according to the conventional procedure. 

Then, the ISM method was implemented, the input of which was the output of the DEMATEL method, and 

in this way, the effective levels were obtained using the DEMATEL relationships. 

After completing the fifth and sixth steps, in this step, levels are determined with the hierarchy system. Table 

4 determines the first level's criteria, including criteria C10, C9, C6, and C2. 

Table 4. Level 1 criteria. 

  D R D+R D-R Criterion Type 
C1 2.364 0.904 3.267 1.460 Cause 
C2 0.910 2.169 3.079 -1.258 Effect 
C3 1.771 1.323 3.094 0.447 Cause 
C4 1.362 1.262 2.624 0.100 Cause 
C5 1.825 1.094 2.919 0.731 Cause 
C6 1.585 2.086 3.671 -0.501 Effect 
C7 1.602 1.237 2.839 0.364 Cause 
C8 1.306 1.253 2.559 0.054 Cause 
C9 1.245 1.710 2.955 -0.465 Effect 
C10 0.878 1.405 2.283 -0.527 Effect 
C11 1.114 1.520 2.634 -0.406 Effect 

Criterion Output Input Subscription Level 

C1 C1-C2-C3-C4-C5-C6-
C7-C8-C9-C10-C11 

C1 C1  

C2 C2-C3-C5-C6-C8-C9-
C10-C11 

C1-C2-C3-C4-C5-C6-C7-C8-C9-
C10-C11 

C2-C3-C5-C6-C8-C9-C10-
C11 

1 

C3 C2-C3-C4-C5-C6-C7-
C8-C9-C10-C11 

C1-C2-C3-C4-C5-C6-C7-C8-C9-
C11 

C2-C3-C4-C5-C6-C7-C8-C9-
C11 

 

C4 C2-C3-C4-C5-C6-C8-
C9-C10-C11 

C1-C3-C4-C5-C6-C7 C3-C4-C5-C6  

C5 C2-C3-C4-C5-C6-C7-
C8-C9-C10-C11 

C1-C2-C3-C4-C5-C6-C7-C8-C9-
C11 

C2-C3-C4-C5-C6-C7-C8-C9-
C11 
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It is enough to delete the rows and columns of these four criteria and perform the calculations to determine 

the output and input again to determine the criteria of the second level. Table 5 illustrates the criteria of the 

second level, which includes C11, C8, C5, C3. 

Table 5. Level 2 criteria. 

  

 

 

 

 

The previous procedure is repeated, and Table 6 shows the third criteria level, including C4. 

Table 6. Level 3 criteria. 

Criterion Output Input Subscription Level 

C1 C1-C4-C7 C1 C1  
C4 C4 C1-C4-C7 C4 3 
C7 C4-C7 C1-C7 C7  

 

The fourth and fifth-level criteria are extracted from Table 7. According to the results obtained, the research 

model is shown below (Fig. 2). 

Table 7. Level 4-5 criteria. 

Criterion Output Input Subscription Level  

C1 C1-C7 C1 C1 5 
C7 C7 C1-C7 C7 4 

 

C6 C2-C3-C4-C5-C6-C7-
C8-C9-C10-C11 

C1-C2-C3-C4-C5-C6-C7-C8-C9-
C10-C11 

C2-C3-C4-C5-C6-C7-C8-C9-
C10-C11 

1 

C7 C2-C3-C4-C5-C6-C7-
C8-C9-C10-C11 

C1-C3-C5-C6-C7 C3-C5-C6-C7  

C8 C2-C3-C5-C6-C8-C9-
C10-C11 

C1-C2-C3-C4-C5-C6-C7-C8-C9-
C11 

C2-C3-C5-C6-C8-C9-C11  

C9 C2-C3-C5-C6-C8-C9-
C10-C11 

C1-C2-C3-C4-C5-C6-C7-C8-C9-
C10-C11 

C2-C3-C5-C6-C8-C9-C10-
C11 

1 

C10 C2-C6-C9-C10 C1-C2-C3-C4-C5-C6-C7-C8-C9-
C10-C11 

C2-C6-C9-C10- 1 

C11 C2-C3-C5-C6-C8-C9-
C10-C11 

C1-C2-C3-C4-C5-C6-C7-C8-C9-
C11 

C2-C3-C5-C6-C8-C9-C11  

Criterion Output Input Subscription Level 

C1 C1-C3-C4-C5-C7-C8-C11 C1 C1  
C3 C3-C4-C5-C7-C8-C11 C1-C3-C4-C5-C7-C8-C11 C3-C4-C5-C7-C8-C11 2 
C4 C3-C4-C5-C8-C11 C1-C3-C4-C5-C7 C3-C4-C5  
C5 C3-C4-C5-C7-C8-C11 C1-C3-C4-C5-C7-C8-C11 C3-C4-C5-C7-C8-C11 2 
C7 C3-C4-C5-C7-C8-C11 C1-C3-C5-C7 C3-C5-C7  
C8 C3-C5-C8-C11 C1-C3-C4-C5-C7-C8-C11 C3-C5-C8-C11 2 
C11 C3-C5-C8-C11 C1-C3-C4-C5-C7-C8-C11 C3-C5-C8-C11 2 
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Fig. 2. Hierarchical model of factors. 

5 | Discussion and Conclusion 

Eleven TQM enablers appropriate to the industry investigated were extracted from this study's literature. ISM 

was employed to understand the contextual relations among the enablers correctly. The results show the 

importance of C1 and its presence in the fifth level as the most influential level in the hierarchical model. 

Empowered leadership by developing teamwork in a way that gives employees the power to make and 

implement decisions, increases their commitment and dependence on the organization and encourages them 

to make the right decisions. This way, we can expect work groups with less error deviation throughout the 

production stages and customer interaction. The effect of this procedure can be seen at the other levels in 

changing organizational culture and customer satisfaction. Establishing comprehensive quality management 

and the involvement of expert employees and resource management so that creative and motivated employees 

are involved in its implementation can help the organization excel, satisfy the customer, and lead to more 

market share and profit. It should be noted that this process should be continuously implemented and 

followed up in the organization. Management should maintain the quality of work performance of its 

organization at the desired level by providing implementation strategies. 

Calculating the value of M according to its definition showed that C6, C1, C3, and C2 interact most with 

other system elements. The basic concept of TQM is continuous improvement, and its evaluation is through 

system performance measurement. This measurement includes management performance, employee 

satisfaction, and customer satisfaction. By calculating the value of R<0, the effective criteria are C8, C4, C7, 

C5, C3, and C1, which conforms to the TQM executive philosophy, and other criteria are also considered 

effective and ineffective. 

Building 

management 

commitment 

Level 2 

Teamwork 

development 
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Employee relations 

Customer feedback 
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change in 
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Conduct TQM 
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management 
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Resource 

management 
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management 
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The results of MICMAC analysis show that the enabler C6 is connected, and the enablers C8, C10, C11, C9, 

and C2 are dependent. After that, enablers C1, C5, C7, C3, and C4 are considered independent system factors. 

These results are consistent with the concepts of TQM enablers. Based on the results, it can be stated that 

the strong driving force of TQM implementation is the enabler of management, and paying attention to it 

can significantly affect the organization's performance. 

Since the basis of this method is the subjective judgment of experts and the use of their empirical knowledge, 

it is suggested to use the mathematics of uncertainty and fuzzy methods in future research and compare the 

results with the present study. Considering the complexity of relations, using other integrated decision-making 

methods can be recommended for future research. 
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