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Abstract
This paper reports a structural equation model to relate three critical success factors for total quality management (TQM)

(i.e. managerial commitment, role of quality department, and quality policies) with customer satisfaction benefits through

six hypotheses, which are statistically tested with information from 398 responses to a survey applied to Mexican

manufacturing industry and using partial least squares technique integrated in WarpPLS v.6 software. The paper also

reports a sensitivity analysis based on conditional probabilities for analyze low and high scenarios. Findings indicate that

managerial commitment is the most important variable to ensure TQM, yet it depends on the role of the quality department

for deploy quality policies and guarantee customer satisfaction. Similarly, sensibility analysis demonstrate that high levels

of managerial commitment always guarantee a high performance in quality departments and good quality policies, thereby

contributing to customer satisfaction. From this perspective, there are statistical evidence to declare that managers and

operators are the main facilitators of TQM success.
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1 Introduction

Total quality management (TQM) is not a new production

strategy; however, it is highly popular due to the benefits

that still offers. TQM focuses on promoting and working

under a continuous improvement culture where people

acknowledge that there is always opportunities for

improvement in processes and products. Nowadays, TQM

is viewed as a management strategy applicable to different

sectors, such services, industry, government, and education

[1].

Over the years, TQM has evolved and thus moved, from

a concept merely seeking to reduce variation in production

process, to that including process reengineering and total

quality. Deming, Feigenbaum, Crosby, and Juran proposed

a philosophical approach to TQM that focuses first on

human resources, and then, as a consequence, on the pro-

duction process, products, and services [2]. In other words,

quality is viewed therefore from human resources abilities
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applied to the production process. Although TQM is an old

concept, Fig. 1 depicts the distribution of the number of

papers found in ScienceDirect’s database whose titles

include the words Total Quality Management or TQM from

1995 to May 2019 and it is observer that TQM interest is

increasing in academic and industrial sector.

As a production philosophy, TQM offers many benefits,

extensively reported and discussed in the literature. For

instance, Singh et al. [3] found a relationship between

TQM and organizational performance, whereas Iqbal and

Asrar-ul-Haq [4] discussed the connection between TQM

and employee performance. Then, operators are a key

factor in TQM because they are responsible for applying

the Quality Policies established by top management and

the Quality Department.

TQM benefits can be gained by performing some

important tasks, commonly referred to as critical success

factors (CSFs). CSFs are usually prioritized by top man-

agement departments and comprise a limited number of

characteristics, conditions, or variables that guarantee a

company’s operational performance [5]. In TQM, CSFs

can be related to managerial responsibility, Quality

Department, operators, and production machines and tools,

and they all seek to comply with the company’s Quality

Policies [6].

1.1 Critical success factors for TQM
in the manufacturing industry

The CSFs for TQM are widely studied. Sohal and Ter-

ziovski [7] reported that CSFs for TQM can be associated

with supplier relationships, employee training, and Man-

agerial Commitment, thus highlighting the central role of

the human factor. Seetharaman et al. [8] emphasize on

Managerial Commitment, responsible for create new

knowledge to solve problems, and establish Quality Poli-

cies. Gherbal et al. [9] concluded that there are 15 most

important CSFs for TQM, including top management,

implementation strategy, production process, employee

education, suppliers, resource allocation, and work culture,

among others. Sreedharan et al. [10] concluded that CSF

are Managerial Commitment, the role of Quality Depart-

ment, Quality Policies, employee involvement and recog-

nition are the most important.

Likewise, Salleh et al. [11] ranked the most important

CSFs for TQM as follows: management commitment and

leadership, total customer satisfaction, employee involve-

ment, continuous improvement, employee training, com-

munication, and teamwork. For further information on

CSFs for TQM, readers can consult the work of Talib and

Rahman [12], who conducted a literature review and then

reported nine CSFs as top management, customer focus

and employee training, among others. Similarly, Aletaiby

et al. [13] listed the main CSFs for TQM following a

review of ten previous works, and once more, Managerial

Commitment and Quality Department were identified as the
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basis for TQM policies. Finally, readers can also refer to

the research of Iqbal et al. [14], Khalili et al. [15], and

Singh et al. [3], among others.

1.2 Customer satisfaction and TQM
in the manufacturing industry

TQM brings attractive benefits to companies; however, as

Saumyaranjan [16] claim, TQM must not be carried out in

isolation. For example, it must be supported by total pre-

ventive maintenance (TPM) tools to ensure customer sat-

isfaction. Similarly, Manjot Singh and Anjali [17] point out

that one of the greatest benefits of TQM is communication

because it improves quality along and across the entire

organizational structure and this is ultimately reflected on

greater Customer Satisfaction. In other words, TQM

demands a solid organizational structure, where top man-

agement, the Quality Department, and employees are

properly integrated.

According to Durgesh et al. [18], companies focusing on

customer satisfaction during TQM implementation are able

to manage their resources efficiently and decrease costs,

which have ultimate effects financial income. Nevertheless,

reaching high levels of Customer Satisfaction, as Agus and

Hassan [19] and Singh et al. [3] point out, implies reducing

operational costs and always complying with the products’

technical design specifications, which is what customers

notice first. Additionally, Valmohammadi and Roshanza-

mir [20] suggest that a good indicator of Customer Satis-

faction is to identify the firm’s competitive position and

social image in the market, and Iqbal and Asrar-ul-Haq [4]

recommend using the number of complaints, warranty

expenses, and customer loyalty to determine how satisfied

customers are with the products that they purchase.

1.3 Research problem and goal

Undoubtedly, one of the main goals of TQM is to increase

Customer Satisfaction, but this implies that companies

must perform a specific series of tasks to gain this benefit.

Multiple research works have sought to associate CSFs to

their corresponding benefits. For instance, Singh et al. [3]

found that TQM benefits for both companies and customers

highly depend on aspects such as organizational leadership,

human resources management, and the organizations’

relationships with customers. Likewise, Anil and Satish

[21] developed a second-order SEM that associates TQM

with organization performance, where the main CSFs are

described in terms of human resources. Agus and Hassan

[19] also developed a second-order SEM where TQM

implementation is related to operational benefits and Cus-

tomer Satisfaction by studying CSF such as relationships

with suppliers, continuous improvement, benchmarking,

and quality systems and measures. In turn, Iqbal et al. [14]

associates organizational culture with the best manufac-

turing practices (i.e. just in time and TQM) and operational

and financial indices.

As can be observed, both CSFs for TQM and TQM

benefits are clearly identified; however, the relationship

between three specific CSFs—i.e. Managerial Commit-

ment, Quality Department, and Quality Policies—and

Customer Satisfaction has not yet been clarified because

previous research on TQM usually address overall TQM

performance, where Customer Satisfaction is just one more

variable to be measured. Moreover, the role of Quality

Department has not been thoroughly studied, yet they play

a crucial role in a company’s Quality Policies. To address

such limitations, this research seeks to quantify the direct,

indirect and total relationship between the three CSFs

(Managerial Commitment, Quality Department, and

Quality Policies) and Customer Satisfaction based on

empirical evidence from practitioners experience in

industry and that is the main contribution in this research,

because provides a metric of dependence between those

CSFs for TQM and Customer Satisfaction and reports a

sensitivity analysis based on conditional probabilities that

help managers to know the probability of occurrence for

several scenarios and identify possible risks. Findings are

intended to support managers and decision makers in TQM

to identify crucial tasks to guarantee Customer Satisfaction.

This paper is divided into five sections: introduction,

literature review and hypotheses, materials and methods,

findings, and conclusions.

2 Literature review and hypotheses

This research is aimed to associate three CSFs—i.e.

Managerial Commitment (MAC), the role of Quality

Department (QUD), and Quality Policies (QUP)—with

Customer Satisfaction (CUS); all them are considered as

latent variables that are integrate by items or observed

variables. The following subsections discuss the latent

variables and their corresponding observed variables.

2.1 Managerial commitment

Managerial Commitment is pivotal to TQM as the pillar of

lean manufacturing (LM). In the decade of 1990, Cordeiro

and Turner [22] claimed that top management was the

origin of quality, and as such, it had to adopt a long-term

strategic vision, organization’s mission, objectives, and

corporate goals. Unfortunately, according to Pearson et al.

[23], not all managers were ready at that time for such a

commitment. Two years later, Choi and Behling [24]

analyzed the role of top managers in TQM environments

Wireless Networks

123



and concluded that management departments were being

central to TQM implementation. Recently, Psychogios and

Priporas [25] pointed out that some hard TQM concepts

may present limitations to managerial departments, since

they require significant knowledge on statistics and math-

ematical processes; nevertheless, the author declare that, if

well implemented, TQM guarantees both product quality

and income flow. Additionally, Soltani et al. [26] argue that

TQM allows managers to gain control over the production

process if they are highly involved. Finally, according to

Radlovački et al. [27] declares that managers play a critical

role in the leadership and ISO certifications.

In this research, Managerial Commitment in TQM

environments is measured as follow [22–30]:

1. Management gives long-term support to production

process improvements.

2. Management clearly conveys the corporate mission

and goals.

3. Management establishes specific quality goals in the

organization.

4. Management sees TQM as a means to increase

economic performance.

5. Management ensures that employees are trained.

2.2 Quality department

TQM demands a solid organizational structure to support

top management and currently, some organizations have

their own Quality Department and corresponding divisions,

such as the Six Sigma department or the quality assurance

department, to name but a few. Authors such as Psychogios

et al. [30] consider Quality Department and middle man-

agement departments as the real core of TQM success,

since they are the link between with top management (who

establishes the policies) and operators (apply the policies).

To Al Rawashdeh [31], middle managers of Quality

Department are the true operational leaders of TQM

implementation. They convey the organization’s Quality

Policies, supervise their compliance, have enough author-

ity to create continuous improvement teams aimed to solve

problems and manage the resources available. Finally, as

Giauque [32] points out, Quality Department must be dri-

vers of operational change within the organization and in

this research, the role of Quality Department is measured

through the following items [30–33]:

1. Quality Department has an organizational structure.

2. Quality Department and top management maintain

communication.

3. Quality Department is autonomous.

4. Quality Department members act as advisers

5. Quality Department creates production process

improvement and quality improvement teams.

6. Quality Department trains employees and evaluates

their performance.

The creation of Quality Department depends on top

management and its commitment to gather the right spe-

cialists from the organization. That is, Quality Department

members must be the link that communicates with opera-

tors [27], designers and creators of employee training

programs, and leaders of implementation projects [34]. In

this sense, our first research hypothesis is proposed as

follows:

H1 Managerial Commitment to TQM has a positive direct

effect on the performance of the Quality Department.

2.3 Quality policies

Top and middle management has to set specific procedures

to implement TQM plans and programs through Quality

Policies [35]. For instance, Sreedharan et al. [10] claim that

manufacturing companies must supervise the quality of

their raw materials using strategies such as acceptance

sampling and statistical quality tools. On the other hand,

Kouaib and Jarboui [36] highlight the importance of

auditing the strategic plans set to enforce TQM, whereas

Iqbal and Asrar-ul-Haq [4] and Dedy et al. [37] argue that

quality is only achieved through employee involvement. In

this research, Quality Policies are assessed through the

following observed variables [31, 34, 38–41]:

1. The company uses quality-focused strategies.

2. The company has an acceptance sampling plan for

received raw materials.

3. The company uses statistical control charts in the

production process.

4. The company implements TPM programs.

5. The production process is audited.

6. The company has and implements an operator self-

inspection program.

7. Work instructions are clearly conveyed to operators.

8. The company works under a zero-defects approach

Quality Policies are the result of multiple efforts from

top managers and the Quality Department, which super-

vises their compliance. To Oakland [40], leadership and

Quality Policies are the backbone of TQM and Valmo-

hammadi and Roshanzamir [20] point out that a company’s

organizational structure must communicate the necessary

quality assurance techniques through employee training

programs and processes and Ugboro and Obeng [38]

studied the role of employee empowerment and top man-

agement leadership in TQM. Following this discussion, the

second and third hypotheses are stated as follows:
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H2 Managerial Commitment to TQM has a positive direct

effect on a company’s Quality Policies.

H3 The Quality Department that gives support to TQM

has a positive direct effect on a company’s Quality

Policies.

2.4 Customer satisfaction

Customer Satisfaction is one of the goals of TQM and

refers to the degree of satisfaction provided by the goods or

services of a company as measured by the number of repeat

customers [3]. Customer Satisfaction must be a priority,

since a lack of it causes product returns and customer

complaints [42] and to know what position in the market a

firm holds, and the social image it projects, the company

must compare itself with its competitors [43]. However,

Customer Satisfaction can also be internally measured by

monitoring a series of factors, such as the number of cus-

tomer complaints, the time that sale assistants spend

solving such complaints, customer loyalty, among others.

In this research, Customer Satisfaction is measured through

the following observed variables [18, 19, 35, 42, 44]:

1. Number of processed customer complaints.

2. The company’s market position.

3. The company’s social image.

4. Time dedicated to customer service.

5. Valid warranty claims.

6. Customer loyalty.

One of the challenges when analyzing Customer Satis-

faction is to find the factors that increase it and Vimal

Kumar and Sharma [45] pointed out that good leadership is

a key element to reach it. Ooi et al. [44] found that quality

plans and programs designed by top managers have posi-

tive effects on Customer Satisfaction if they are customer-

focused and constantly supervised. Finally, Durgesh et al.

[18] claim that when TQM practices are well managed,

customer loyalty increases, while the number of rejected

products and warranty claims decrease, thus contributing to

a high economic margin. Following this discussion, the

fourth hypothesis of this research is proposed below:

H4 Managerial Commitment to TQM has a positive direct

effect on Customer Satisfaction.

Customer Satisfaction does not merely depend on top

management, but also on the Quality Department that

supervise the quality plans and programs from an opera-

tional perspective. To Kumar and Sharma [46], the back-

bone of both TQM and Customer Satisfaction is leadership

from managers, process engineers, and continuous

improvement team members, since they handle the

resources that enable the success of quality programs. Al

Rawashdeh [31] and Chiarini and Vagnoni [47] claim that

middle management (i.e. assistant managers and supervi-

sors) and their leadership are TQM success enablers in the

services industry and the financial industry. In turn, Kiran

[34] argues that Quality Department must work to decrease

customer complaints and minimize warranty expenses,

which in turn increases the customer’s loyalty. Finally,

Durgesh et al. [18] point out that proper quality manage-

ment can increase Customer Satisfaction in the financial

industry. Following this discussion, the fifth hypothesis is

proposed as follows:

H5 The performance of a company’s Quality Department

has a positive direct effect on Customer Satisfaction.

Managerial Commitment and Quality Department set

the operational norms of TQM through Quality Policies

that are clearly conveyed along the entire organizational

structure, especially among operators [48]. Also, Quality

Policies must aim at improving processes and products to

decrease the number of rejected products and increase

customer loyalty [49]. According to Durgesh et al. [18],

rather than implying that companies should dedicate sig-

nificant time to handling customer complaints, Quality

Policies must be focused on collecting opinions for product

improvement. Additionally, as Čater and Čater [50] and

Durgesh et al. [18] point out, measuring customer loyalty

in the manufacturing industry is usually more challenging

than in the services industry. However, in these cases,

Customer Satisfaction measurements must consider cus-

tomer complaints, the company’s image, and its brand.

From this perspective, Allen Broyles et al. [51] suggest that

Quality Policies in the manufacturing industry should be as

much customer-focused as possible in order to maintain a

good social image. Following this discussion, the sixth

hypothesis of this research is formulated below:

H6 Quality Policies for TQM have a positive direct effect

on Customer Satisfaction.

Figure 2 depicts the six research hypotheses.

3 Methodology

3.1 Literature review

As the first step, we conducted a literature review related

TQM using databases such as Springer, Scopus, Science-

Direct, and Emerald, among others. As keywords, we used

the term TQM combined with those of the latent variables

(see Fig. 2). Based on that literature review, a list is created

with the main CSFs for TQM and its benefits. This litera-

ture review represents the rational a validation [52].
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3.2 Survey design and administration

The CSFs and benefits from TQM collected in the literature

review was used to design a survey. We also took the

survey reported in Antony et al. [53] as a reference, yet

modifications were made to make the questionnaire suit-

able to the research geographical and industrial context.

Subsequently, the draft survey was validated by a panel of

judges, composed of five academics and three quality

managers from local firms. Finally, changes were made to

the draft following the judges’ comments. The final version

of the survey comprised three sections: demographic data,

CSFs for TQM and TQM benefits. The second and third

sections of the questionnaire were answered using a five-

point Likert scale, where the lowest value (one) was used

to indicate that a TQM task was not performed, or a TQM

benefit was not obtained. Conversely, the highest value

(five) indicated that a TQM task was always performed, or

a TQM benefit was always obtained.

The questionnaire was applied among Mexican manu-

facturing companies that implement TQM and hold at least

one ISO quality certification. The questionnaire was aimed

at Quality Department managers, managers in general, six

sigma managers, and quality assurance managers, among

others. All the participants must had at least 3 years of

work experience in their current job position and involved

in continuous improvement projects. The questionnaire

was answered in face to face interviews.

3.3 Data capture and screening

The data collected through the questionnaires were cap-

tured using SPSS 24� and was screened by identifying the

following information [54]:

• Missing values: questionnaires with more than 10% of

missing values were removed from the analysis,

otherwise they were replaced by the median.

• Extreme values or outliers: items were standardized;

then, absolute values higher than 4 were considered as

outliers and were replaced by the median.

• Unengaged respondents: the standard deviation is

estimated for every questionnaire and if it was lower

than 0.5, the questionnaire was removed from the

analysis.

3.4 Latent variable validation

The latent variables in Fig. 2 were validated with respect to

their own observed variables. The following indices were

estimated to validate each latent variable [55]:

1. Cronbach’s alpha and composite reliability index are

used to test internal validity and composite reliability,

respectively. Only values higher than 0.7 were

accepted.

2. R-Squared (R2) and Adjusted R2 are used to test

parametric predictive validity. Only values higher than

0.2 were accepted.

3. Average variance extracted (AVE) is used to test

convergent validity and values higher that 0.5 are

accepted.

4. Q-Squared (Q2) is used to test non-parametric predic-

tive validity. Only values higher than 0 and similar to

their corresponding R2 values were accepted.

5. Variance Inflation Factors (VIFs) are used as a measure

of collinearity, accepting only values lower than 5.

3.5 The structural equation model (SEM)

The SEM technique is used to validate the relationships

between the latent variables. SEM allows for assessing

variables with different roles and has been employed in

similar TQM studies as for example Iqbal and Asrar-ul-

Haq [4] proposed a SEM to study the relationship between

Fig. 2 Research hypotheses
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TQM and employee performance and Iqbal et al. [14] use

SEM to explore the relationship between TQM, JIT, and

employee performance. Specifically, the SEM is evaluated

using the partial least squares (PLS) method integrated in

software WarpPLS 6� recommended for ordinal and non-

normal data.

The model’s efficiency is measured computing six

model fit and quality indices [55]: Average Path Coeffi-

cient (APC), Average R-squared (ARS), Average Adjusted

R-Squared (AARS), Average block VIF (AVIF), Average

Full collinearity VIF (AFVIF), and Tenenhaus (GoF).

APC, ARS, and ARS are associated with a p value that had

to be lower than 0.05 to claim that all the statistical

inferences were made at a 95% confidence level. On the

other hand, AVIF and AFVIF are computed as measures of

collinearity, only accepting values lower than 5 and GoF

index is a goodness of fit measure that indicates how well a

model fits its data and values higher than 0.25 are desirable.

We also measured the direct, indirect, and total effects

between the latent variables. In Fig. 2, the direct effects are

illustrated as arrows connecting two latent variables; they

are expressed in standard deviations and are represented by

a b value as a measure of dependence. For every rela-

tionship, we tested the hypotheses H0: b = 0 versus H1:

b = 0.

Indirect effects occur when two latent variables are

related through a third latent variable, known as the

mediator. For each indirect effect between two latent

variables, we report only the sum of indirect effects though

a b value. On the other hand, total effects are the sum of the

direct and sum of indirect effects in a relationship. Finally,

we also report the effect size (ES) in each relationship as

the percentage of variance in the dependent latent variable

that is explained by the independent latent variable.

3.6 Sensitivity analysis

In PLS technique the latent variables values are standard-

ized, then a probability for each one can be estimated for

high (Z[ 1) or low (Z\- 1) level [46]: independently

P(Z\- 1) and P(Z[ 1), conjointly P(Zi U Zd) or con-

ditionally P(Zi/Zd).

4 Results

4.1 The sample

The designed questionnaire was administered from April to

May 2019 to Mexican manufacturing industry. Initially,

442 surveys were collected, yet 41 were removed due to

numerous missing values, and 3 were discarded due to

unengaged responses. Therefore, only 398 surveys were

analyzed. Table 1 summarizes the sample’s characteristics

in terms of surveyed industries and length of work expe-

rience. The automotive industry was the most prominent in

the research, accounting for 221 surveys (i.e. 55.52%), and

it was followed by the electrical industry with only 51

surveys. Finally, most of the respondents; that is 276, had

more than 5 years of work experience in quality manage-

ment, which contributes to the reliability of the gathered

data.

Table 2 summarizes the sample’s characteristics in

terms of gender and work positions. The sample comprised

289 male respondents and 109 female respondents, and

most of the respondents pertained to quality or quality

assurance departments.

4.2 Latent variable validation

Table 3 summarizes the latent variable validation indexes.

As can be observed, all the latent variables showed values

higher than the threshold in all the coefficients. We thus

concluded that all latent variables had enough parametric

and non-parametric predictive validity, since the R2 and

Adjusted R2 values were higher than 0.2, whereas the Q2

values were higher than 0 and similar to R2. Moreover,

Cronbach’s alpha and composite reliability coefficients

indicated that all the latent variables had internal validity.

Likewise, the AVE values that all the latent variables had

enough were all higher than 0.5, and all the VIF values

were lower than 5, thus confirming convergent validity and

were free from collinearity problems.

Table 1 Length of work

experience versus surveyed

industries

Years Machinery Electrical Automotive Aerospace Electronics Logistics Total

[ 3 and\ 5 17 18 61 10 15 1 122

C 5 and\ 10 17 19 85 9 23 1 154

C 10 12 14 75 4 10 7 122

Total 46 51 221 23 48 9 398
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4.3 Structural equation model

The SEM evaluated appears in Fig. 3 and their efficiency

indexes as APC, ARS, and AARS indicate predictive

validity. Likewise, AVIF and AFVIF showed that the

model was free from collinearity problems. Finally, the

GoF indicates that the model fitted the data. The model fit

indexes were:

• Average Path Coefficient (APC) = 0.417, P\ 0.001

• Average R-Squared (ARS) = 0.627, P\ 0.001

• Average adjusted R-squared (AARS) = 0.626,

P\ 0.001

• Average block VIF (AVIF) = 2.720, acceptable if B 5,

ideally B 3.3

• Average Full collinearity VIF (AFVIF) = 3.064,

acceptable if B 5, ideally B 3.3

• Tenenhaus GoF (GoF) = 0.623, small C 0.1, medium

C 0.25, large C 0.36

In Fig. 3 each effect between latent variables is associ-

ated with a b value as a measure of dependence, a p value

as an indicator of statistical significance, and an R2 value as

a measure of the variance explained.

4.3.1 Direct effects

As Fig. 3 depicts and Table 4 summarizes, all the research

hypotheses were statistically significant. In this sense, the

results of H1 can be interpreted as follows: there is enough

statistical evidence to declare thatManagerial Commitment

to TQM has a positive direct effect on Quality Department,

since when the former increases by one standard deviation,

the latter increases by 0.786 units and explains 0.617 of the

variance of Quality Department. The remaining hypothesis

results can be similarly interpreted.

As regards effect sizes, the results demonstrate that

variance in Quality Policies can be explained in 0.571,

being Managerial Commitment responsible for 0.289, and

Quality Department responsible for 0.282. Interestingly, as

regards variance in Customer Satisfaction (i.e. 0.694), the

effect of Quality Policies is larger than those of Manage-

rial Commitment and Quality Department, respectively,

Fig. 3 Validated hypotheses

Table 2 Employee gender

versus work positions
Gender Manager in: Total

General Six sigma Continuous improvement Quality Quality assurance

Female 28 10 4 39 28 109

Male 62 22 17 104 84 289

Total 90 32 21 143 112 398

Table 3 Latent variable coefficients

Indices MAC QUD QUP CUS

R-Squared 0.617 0.571 0.694

Adjusted R-squared 0.616 0.569 0.692

Composite reliability 0.881 0.889 0.934 0.918

Cronbach’s alpha 0.831 0.847 0.92 0.888

AVE 0.597 0.577 0.612 0.692

VIF 3.266 2.916 2.866 3.205

Q-Squared 0.618 0.57 0.695
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thus implying that Quality Policies are the most important

variable to explain the variability of Customer Satisfaction.

4.3.2 Total indirect effects

Table 5 lists the results for the sum of indirect effects and

total effects for each relationship. The sum of indirect

effects are listed in the first two rows—and in this case, we

found that the indirect effect between Managerial Com-

mitment and Customer Satisfaction (b = 0.431) is larger

than the direct effect (b = 0.329). On the other hand, the

total effects are listed in the last three rows and according

to that, Managerial Commitment has the largest effects on

the remaining latent variables, and this confirm its crucial

role in TQM implementation.

4.4 Sensitivity analysis

The results of the sensitivity analysis (see Table 6) indicate

the probability of each latent variable to lie at a high (?) or

low (-) level independently, conjointly (&) or condition-

ally (If) with respect to the other latent variables. For

instance, we found that Managerial Commitment is more

likely to lie at a low level independently (- 0.196) than to

lie at a high level (? 0.161). Moreover, the probability of

Managerial Commitment to lie at a high level in

conjunction with Quality Department is much lower than

expected (&= 0.106). However, high levels of Managerial

Commitment can be associated with high levels of Quality

Department performance (If = 656). Such results indicate

that top management must remain engaged to TQM to

guarantee that its subordinates are equally committed.

Additionally, it seems that high levels of Managerial

Commitment cannot be associated with low levels of

Quality Department performance; that is Quality Depart-

ment always responds to Managerial Commitment. Finally,

the results indicate that low levels in Managerial Com-

mitment imply risks of having poor level in Quality

Department (If = 0.688).

5 Conclusions and industrial implications

According to the SEM results, Managerial Commitment is

the most important variable in the TQM implementation

process. All its effects are statistically significant, larger

and have greater explanatory power, if compared to those

of the other latent variables. In other words, managers must

provide the necessary support to their subordinate depart-

ments to ensure the successful implementation of quality

projects and the long-term compliance with corporate

goals. Moreover, managers must promote both horizontal

Table 4 Hypothesis validation

results
Hi Independent L. V. Dependent L. V. b value/ES p value Conclusion

H1 Managerial commitment Quality department 0.786/0.617 \ 0.001 Accept

H2 Managerial commitment Quality policies 0.405/0.289 \ 0.001 Accept

H3 Quality department Quality policies 0.396/0.282 \ 0.001 Accept

H4 Managerial commitment Customer satisfaction 0.329/0.250 \ 0.001 Accept

H5 Quality department Customer satisfaction 0.167/0.121 \ 0.001 Accept

H6 Quality policies Customer satisfaction 0.419/0.323 \ 0.001 Accept

Table 5 Indirect effects and

total effects
Managerial commitment Quality department Quality policies

SIEQuality policies 0.311 (p\ 0.001)

ES = 0.222
SIECustomer satisfaction 0.431 (p\ 0.001)

ES = 0.327

0.166 (p\ 0.001)

ES = 0.120
TEQuality department 0.786 (p\ 0.001)

ES = 0.617
TEQuality policies 0.716 (p\ 0.001)

ES = 0.511

0.396 (p\ 0.001)

ES = 0.282
TECustomer satisfaction 0.759 (p\ 0.001)

ES = 0.577

0.332 (p\ 0.001)

ES = 0.241

0.419 (p\ 0.001)

ES = 0.323

SIE, total indirect effect; TE, total effect
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and vertical communication with other departments,

including operators.

All managerial actions should be driven by the need to

increase Customer Satisfaction. In this sense, we found that

the direct effect between these two latent variables is much

smaller (0.329) than the indirect effect, which occurs

through Quality Department and Quality Policies. This

implies that managerial actions are more effective for

Customer Satisfaction when Quality Department are

engaged, and Quality Policies are clearly stated and fol-

lowed. Additionally, the SEM results indicate that Quality

Policies contribute to the ability of Quality Department to

increase Customer Satisfaction, since the total effects of

this relationship are significantly higher than the direct

effects (i.e. 0.167 vs. 0.332). In other words, high Man-

agerial Commitment and an efficient Quality Department

are not enough in TQM environments—Quality Policies

must be clearly stated and properly followed in order to

keep customers satisfied. In conclusion, according to the b
coefficients estimated in the SEM analysis, the critical

sequence of tasks for TQM implementation is as follows:

Managerial Commitment ? Quality Depart-

ment ? Quality Policies ? Customer Satisfaction.

As regards the sensitivity analysis, the following con-

clusions are proposed:

1. High levels in Managerial Commitment favor high

levels of Quality Department performance (If = 0.656),

Quality Policies (If = 0.484), and Customer Satisfac-

tion (If = 0.531), thus indicating that managerial

leadership and engagement are central to TQM

success. Conversely, high levels in Managerial

Commitment cannot be associated with low levels in

Quality Department performance (If = 0.000), Quality

Policies (If = 0.000), or Customer Satisfaction (If =

0.016), thus concluding that subordinates and cus-

tomers will always respond positively to managerial

efforts, such as training, communication, and goal

setting.

2. Low levels in Managerial Commitment cannot be

related to high levels in Quality Department perfor-

mance (If = 0.013), Quality Policies, or Customer

Satisfaction (If = 0.000), thereby confirming once

more that TQM success is highly reliant on managerial

efforts. Additionally, low levels in Managerial Com-

mitment imply risks of TQM failure, since little

management commitment leads to low levels in

Quality Department (If = 0.688), Quality Policies

(If = 0.610), and Customer Satisfaction (If = 0.558).

3. High levels of Quality Department performance are

more likely to lead to both successful Quality Policies

(If = 0.459) and greater Customer Satisfaction (If =

0.514), which is the ultimate goal of TQM. Also, high

levels of Quality Department performance cannot be

associated with low levels in Quality Policies (If =

0.014) and Customer Satisfaction (If = 0.014). Such

results imply that customers will always respond

positively if TQM policies are properly conveyed.

4. Low levels in Quality Department performance do not

lead to high levels in either Quality Policies (If =

0.000) or Customer Satisfaction (If = 0.003), thereby

confirming the important role of Quality Department as

quality enforcers and TQM success enablers. Likewise,

low levels in Quality Department performance are a

Table 6 Sensitivity analysis

Dependent latent variable (to) Independent latent variable (from)

Managerial commitment Quality department Quality policies

Probability ? 0.161 - 0.196 ? 0.186 - 0.196 ? 0.188 - 0.188

Quality department 1 0.186 & = 0.106 & = 0.003

If = 0.656 If = 0.013

2 0.196 & = 0.000 & = 0.133

If = 0.000 If = 0.688

Quality policies 1 0.188 & = 0.078 & = 0.000 & = 0.085 & = 0.000

If = 0.484 If = 0.000 If = 0.459 If = 0.000

2 0.188 & = 0.000 & = 0.118 & = 0.000 & = 0.126

If = 0.000 If = 0.610 If = 0.014 If = 0.641

Customer satisfaction 1 0.193 & = 0.085 & = 0.000 & = 0.095 & = 0.003 & = 0.103 & = 0.000

If = 0.531 If = 0.000 If = 0.514 If = 0.013 If = 0.547 If = 0.000

2 0.163 & = .0003 & = 0.108 & = 0.003 & = 0.108 & = 0.000 & = 0.106

If = 0.016 If = 0.558 If = 0.014 If = 0.551 If = 0.000 If = 0.560
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source of risk for companies, entail low levels of both

Quality Policies (If = 0.641) and Customer Satisfac-

tion (If = 0.551), and ultimately compromise the

success of TQM.

5. We found that high levels of Quality Policies compli-

ance are always associated with greater Customer

Satisfaction (If = 0.547) but never with lower levels

(If = 0.000). Such results indicate that quality policies

such as audits and statistical process techniques

guarantee TQM success, customer retention, and thus

customer loyalty.

6. Finally, low levels of Quality Policies compliance

cannot be associated with greater Customer Satisfac-

tion (If = 0.000), but rather with lower satisfaction

(If = 0.560), which compromises the success of TQM.

6 Future work

As its name suggests, TQM must integrate all the resources

of a company to attain product quality as expected by

customers. This research merely explores the impact of

three CSFs for TQM on Customer Satisfaction; thus, as

further research, we recommend extending the search to

other factors such as human resources, educational pro-

cesses, and technological capacity. Additionally, we sug-

gest developing a second-order SEM to offer a holistic

view of the problem.
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& Sharifara, A. (2018). Application of MCDM approach to

evaluate the critical success factors of total quality management

in the hospitality industry. Journal of Business Economics and

Management, 19(2), 399–416. https://doi.org/10.3846/jbem.2018.

5538.

6. Kumar, V., & Sharma, R. R. K. (2017). An empirical investiga-

tion of critical success factors influencing the successful TQM

implementation for firms with different strategic orientation. In-

ternational Journal of Quality and Reliability Management,

34(9), 1530–1550. https://doi.org/10.1108/IJQRM-09-2016-0157.

7. Sohal, A. S., & Terziovski, M. (2000). TQM in Australian

manufacturing: Factors critical to success. International Journal

of Quality and Reliability Management, 17(2), 158–167. https://

doi.org/10.1108/02656710010304564.

8. Seetharaman, A., Sreenivasan, J., & Boon, L. P. (2006). Critical

success factors of total quality management. Quality and Quan-

tity, 40(5), 675–695. https://doi.org/10.1007/s11135-005-1097-2.

9. Gherbal, N., Shibani, A., Saidani, M., & Sagoo, A. (2012).

Critical success factors of implementing total quality manage-

ment in Libyan Organisations. In Paper presented at the inter-

national conference on industrial engineering and operations

management, Istanbul, Turkey, July 3–6.

10. Sreedharan, R. V., Sunder, V. M., & Raju, R. (2018). Critical

success factors of TQM, six sigma, lean and lean six sigma: A

literature review and key findings. Benchmarking, 25(9),

3479–3504. https://doi.org/10.1108/BIJ-08-2017-0223.

11. Salleh, N. M., Zakuan, N., Ariff, M. S. M., Bahari, A. Z., Chin, T.

A., Sulaiman, Z., et al. (2018). Critical success factors of total

quality management implementation in higher education institu-

tion: UTM case study. In AIP conference proceedings, 2018 (Vol.

2044). https://doi.org/10.1063/1.5080060.

12. Talib, F., & Rahman, Z. (2010). Studying the impact of total

quality management in service industries. International Journal

of Productivity and Quality Management, 6(2), 249–268. https://

doi.org/10.1504/IJPQM.2010.034408.

13. Aletaiby, A., Kulatunga, U., & Pathirage, C. (2017). Key success

factors of total quality management and employees performance

in Iraqi oil industry. In Paper presented at the 13th international

postgraduate research conference (IPGRC), University of Sal-

ford, UK.

14. Iqbal, T., Huq, F., & Bhutta, M. K. S. (2018). Agile manufac-

turing relationship building with TQM, JIT, and firm perfor-

mance: An exploratory study in apparel export industry of

Pakistan. International Journal of Production Economics, 203,

24–37. https://doi.org/10.1016/j.ijpe.2018.05.033.

15. Khalili, A., Ismail, M. Y., Karim, A. N. M., & Che Daud, M. R.

(2017). Critical success factors for soft TQM and lean manu-

facturing linkage. Jordan Journal of Mechanical and Industrial

Engineering, 11(2), 129–140.

16. Saumyaranjan, S. (2018). An empirical exploration of TQM,

TPM and their integration from Indian manufacturing industry.

Journal of Manufacturing Technology Management, 29(7), 1188.

https://doi.org/10.1108/jmtm-03-2018-0075.

17. Manjot, B., & Anjali, A. (2018). Assessing relationship between

quality management systems and business performance and its

mediators: SEM approach. International Journal of Quality and

Reliability Management, 35(8), 1490. https://doi.org/10.1108/

IJQRM-05-2017-0091.

18. Durgesh, P., Maddulety, K., & Plavini, P. (2017). Investigating

the influence of TQM, service quality and market orientation on

customer satisfaction and loyalty in the Indian banking sector.

International Journal of Quality and Reliability Management,

34(3), 362. https://doi.org/10.1108/IJQRM-04-2015-0057.

19. Agus, A., & Hassan, Z. F. (2011). Enhancing production per-

formance and customer performance through total quality man-

agement (TQM): Strategies for competitive advantage. Procedia:

Social and Behavioral Sciences, 24, 1650–1662. https://doi.org/

10.1016/j.sbspro.2011.09.019.

Wireless Networks

123

https://doi.org/10.14419/ijet.v7i3.29.18540
https://doi.org/10.14419/ijet.v7i3.29.18540
https://doi.org/10.1016/j.orp.2018.07.004
https://doi.org/10.1016/j.ijpe.2018.05.034
https://doi.org/10.1016/j.ijpe.2018.05.034
https://doi.org/10.3846/jbem.2018.5538
https://doi.org/10.3846/jbem.2018.5538
https://doi.org/10.1108/IJQRM-09-2016-0157
https://doi.org/10.1108/02656710010304564
https://doi.org/10.1108/02656710010304564
https://doi.org/10.1007/s11135-005-1097-2
https://doi.org/10.1108/BIJ-08-2017-0223
https://doi.org/10.1063/1.5080060
https://doi.org/10.1504/IJPQM.2010.034408
https://doi.org/10.1504/IJPQM.2010.034408
https://doi.org/10.1016/j.ijpe.2018.05.033
https://doi.org/10.1108/jmtm-03-2018-0075
https://doi.org/10.1108/IJQRM-05-2017-0091
https://doi.org/10.1108/IJQRM-05-2017-0091
https://doi.org/10.1108/IJQRM-04-2015-0057
https://doi.org/10.1016/j.sbspro.2011.09.019
https://doi.org/10.1016/j.sbspro.2011.09.019


20. Valmohammadi, C., & Roshanzamir, S. (2015). The guidelines of

improvement: Relations among organizational culture, TQM and

performance. International Journal of Production Economics,

164, 167–178. https://doi.org/10.1016/j.ijpe.2014.12.028.

21. Anil, A. P., & Satish, K. P. (2016). Investigating the relationship

between TQM practices and firm’s performance: A conceptual

framework for Indian Organizations. Procedia Technology, 24,

554–561. https://doi.org/10.1016/j.protcy.2016.05.103.

22. Cordeiro, W. P., & Turner, R. H. (1995). 20/30 Hindsight:

Managers must commit to TQM. Interfaces, 25(3), 104–112.

https://doi.org/10.1287/inte.25.3.104.

23. Pearson, J. M., McCahon, C. S., & Hightower, R. T. (1995). Total

quality management. Are information systems managers ready?

Information and Management, 29(5), 251–263. https://doi.org/10.

1016/0378-7206(95)00028-0.

24. Choi, T. Y., & Behling, O. C. (1997). Top managers and TQM

success: One more look after all these years. Academy of Man-

agement Executive, 11(1), 37–47. https://doi.org/10.5465/AME.

1997.9707100658.

25. Psychogios, A. G., & Priporas, C.-V. (2007). Understanding total

quality management in context. Qualitative Report, 12(1), 40–66.

26. Soltani, E., Singh, A., Liao, Y.-Y., & Wang, W.-Y. (2010). The

rhetoric and reality of ‘process control’ in organisational envi-

ronments with a TQM orientation: The managers’ view. Total

Quality Management and Business Excellence, 21(1), 67–77.

https://doi.org/10.1080/14783360903492637.
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