
Pa
ge

 
1



Pa
ge

 
25

o

American Journal of  Economics and 
Business Innovation (AJEBI)

The Effect of  Production Process Management on Quality Control in The Iron and Steel 
Industry in Libya

Omar Ibrahim Azouza1*, Khairi Ahmed R. Masaud1

Volume 2 Issue 3, Year 2023
ISSN: 2831-5588 (Online), 2832-4862 (Print)

DOI: https://doi.org/10.54536/ajebi.v2i3.1655
https://journals.e-palli.com/home/index.php/ajebi

Article Information ABSTRACT

Received: July 31, 2023

Accepted: September 02, 2023

Published: September 12, 2023

Quality is the crucial factor that determines a company’s ability to compete in the marketplace 
and survive. However, developing production process management is one of  the most 
critical factors affecting quality control. Hence, this study aims to investigate the impact 
of  the development of  production process management on quality control in the Iron and 
Steel industry in developing countries. A quantitative approach was utilized to achieve the 
study’s goals. A total of  384 employees working in Libyan Iron and Steel Company were 
sampled during the data collection stage of  this study. Structural Equation Modelling (SEM) 
was used to evaluate the impact of  the development of  production process management 
on quality control. The findings of  this study showed a positive and significant impact of  
the development of  production process management on quality control. This study offers 
practical implications, some recommendations for the direction of  future research, as well 
as study limitations.
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INTRODUCTION 
Public organizations in developing countries face 
significant challenges in meeting development needs, 
especially in unstable countries suffering from economic 
and political difficulties, such as Libya (Ghumiem 
et al., 2022). These public institutions include the 
industrial sector, which is considered the foundation of  
contemporary development in its economic trajectory. It 
is essential for developing basic infrastructure and is the 
central pillar on which projects and plans for industrial 
and civil development, housing, and services depend 
(Ghumiem et al., 2023). In order to achieve comprehensive 
development and overcome the challenges mentioned 
above, the industrial sector needs large investments in 
technology and infrastructure.
Libya is considered one of  the most important oil-
producing countries in Africa. However, it tries to 
improve its corporate performance in another sector to 
reduce its dependence on oil and diversify its sources of  
national income, such as in other countries. (Alsamawi 
et al. 2019a; Alsamawi et al. 2019b). Furthermore, Libya 
has rich deposits of  iron ores and is trying to diversify its 
national sources of  income and reduce its dependence 
on oil. It is therefore investing in the iron and steel 
industry, which is crucial for meeting local needs in 
many countries. It is an important resource for creating 
jobs and improving the living conditions of  citizens.
Organizations realize that the quality of  their product 
and service is crucial to differentiate themselves from 
other competitors (Zumrah, 2019; Alrefaei et al., 2019). 
Ultimately, their market success. organizations that 
provide a product with high quality will gain a significant 
competitive advantage (Al-refaei et al, 2023). In the iron 
and steel industry, quality is the key factor that determines 

a company’s ability to compete in the marketplace and 
survive (Godina & Matias, 2018). Consequently, advanced 
manufacturing technology is one of  the areas that 
industrialized countries in Europe, the United States, and 
China pay more attention to it (European Commission, 
2010; Zhou, 2015) due to the new challenges posed 
by the advancement of  industrial technology and the 
implementation of  intelligent manufacturing. This has 
progressively accelerated the rate of  industrialization 
and the exportation of  industries (Chen et al., 2017, p. 
6505). The transformation brought about by intelligent 
manufacturing will have profound and enduring effects 
on the future of  manufacturing worldwide.
However, Libyan industrial sector can benefit from 
the wide spread and development of  manufacturing 
technology if  it is properly exploited, by carrying out the 
process of  continuous development and modernization of  
the management of  production operations, where quality 
control in the iron and steel industry can greatly benefit 
(development of  production processes), where quality 
engineers will be able to discover defects that would not 
be detectable without cutting-edge technology (Godina 
& Matias, 2018, P2), and this shift could open doors 
to the possibility of  technological control over quality 
control, as control allows technology to identify and thus 
separate each defective piece (Foidl & Felderer, 2016, 
P6) and thus ensuring high quality for all the production 
sector, and this will give it a competitive advantage in the 
local market, as well as in the international market, and 
earn it a high position, and contribute to supplying the 
national economy with hard currency, which will return 
to the Libyan society growth and progress and improve 
its level of  well-being (Belto 2022).
Nevertheless, despite the efforts made by the Libyan Iron 
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and Steel Company to develop its products and ensure 
their quality, such as adopting the company’s evaluation 
and control standards and indicators, including production 
and quality, performance, efficiency, and others,  according 
to the company’s Board of  Directors Resolution No. 6 
of  2018 regarding adopting performance standards and 
indicators, the reality is that the company’s products are 
not developed, and their quality is not ensured.. However, 
the quality of  Libyan production still needs to be at the 
requisite level, and it confronts a significant challenge 
compared to the same product in established countries 
(Al-Bayaa, 2020, p. 9).
Despite the company’s efforts to prepare appropriate 
plans to take advantage of  opportunities and avoid 
challenges or reduce their impact in the future, most 
of  the enormous investments made by Libyan iron and 
steel companies went towards structural dimensions 
rather than the localization of  technology and associated 
skills. The elements iron and steel This matter quickly 
enough, as it will inevitably lead to a vicious circle of  
failure and failure (Al-Jamal, 2018, p. 57), and its inability 
to manufacture products of  the required quality, and 
this causes it to lose its survival in the competition, 
leading to a weak contribution to the national economy. 
Consequently, it failed to accomplish the objective for 
which it was created.
Libya’s iron and steel industry is an essential source of  hard 
currency and support for the national economy, whether 
by importing iron and steel and receiving payment in hard 
currency or by exporting iron and steel abroad (Belto, 
2022, p. 1). Nonetheless, this sector faces a significant 
challenge due to the rapid industrial development and 
high manufacturing quality in some countries and the 
lacklustre response in Libya, particularly to these industrial 
developments (Bin Saleh & Al-Rutimi, 2019). As a result, 
industrial development and the attainment of  quality 
standards in the industry have been greatly disappointing 
(Al-Bayaa, 2020, p. 9). Therefore, the current study aims 
to examine the effect of  the development of  production 
process management on quality control in Libya’s iron 
and steel industry.

LITERATURE REVIEW
Quality control includes the techniques and activities used 
to meet quality requirements. Quality control activities 
can also be categorized into input material quality 
control, in-process quality control, and product quality 
control (Wu, & Chen, 2018). The ultimate goal of  quality 
control is to manufacture products economically by 
minimizing defects in the product and reducing the waste 
of  economic resources. Issues of  production economies 
can be addressed by successfully implementing quality 
control since quality problems may discourage customers 
from purchasing manufactured products, which creates 
pressure to improve product quality through quality 
control activities (Kim, Lin, & Tseng, 2018). Therefore, 
Juran (2000) identified basic operations that companies 

must carry out to ensure the quality of  their products 
to satisfy their customers. These basic operations are 
1) Continuous improvement and development of  
production processes management. 2) Quality control 
and control process.
Despite the importance of  using advanced technology in 
the manufacturing process and quality control, researchers 
have not paid enough attention to this aspect, except for a 
few studies, such as Drake et al. (2021), which focused on 
studying quality assurance through procedures Standard 
operating in the health sector, and a study (Dao et al., 
2020) that investigated the development of  production 
processes on the performance of  mechanical components. 
In addition, a study (Godina & Matias, 2018) examined 
the effect of  production process management on quality 
control in the manufacturing sector. Thus, the research 
lacuna is made evident by the need for prior studies 
examining the effect of  the development of  production 
operations management on quality control. Therefore, 
the current study examines how developing production 
process management affects quality control at the Libyan 
Iron and Steel Company in Misurata.

MATERIALS AND METHODS
This study used a quantitative approach because it enabled 
the researcher to obtain accurate measurements of  the 
variables and test the hypothesis using data related to the 
effect of  developing production process management 
on quality control at the Libyan Iron and Steel Company 
in Misurata. The questionnaire of  this study contains 
10 items to measure developing production process 
management and 13 items to measure quality control. 
Non-probability (purposive sampling) was used in this 
study. This type of  sampling technique was chosen due 
to the nature of  the study, which examines the effect 
of  developing production process management on 
quality control at the Libyan Iron and Steel Company in 
Misurata. This technique can achieve the objectives of  
the study (Malhotra et al. 2016). Due to the employees 
in the developing production processes and quality 
control departments are the most knowledgeable about 
the variables of  the study. They can answer the survey 
questions, and their answers will contribute directly 
to achieving the study’s objectives (Sarstedt & Mooi, 
2019). While the probability sample technique in which 
each member of  the population (in the iron and steel 
company) has the same opportunity in the selection 
process to give information about the study variables may 
be ineffective in obtaining accurate answers about the 
study variables. Because it is likely that the respondent 
(according to the probability sample) works in another 
department, far from the production and quality control 
departments, and has sufficient knowledge to answer the 
questionnaire questions, and therefore his answers may 
not be helpful or effective in achieving the objectives of  
the study (Daniel, 2001).
Self-administration technique was used for collecting data 
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that involves distributing questionnaires to participants 
to complete the questionnaires on their own. In this 
investigation, 550 employees from various departments 
at the Libyan Iron and Steel Company in Misurata were 
surveyed using this technique. The questionnaire was 
disseminated specifically to the departments of  product 
development, operations management, and quality 
control at the Libyan Iron and Steel Company in Misurata. 
The number of  questionnaires reviewed was 406. There 
are 394 valid responses with a response rate (71.63%). 
The response rate is acceptable and logical compared to 
previous studies in Libya, such as Ghumiem et al. (2023). 
The number of  completed questionnaires valid for the 
analysis process in this study was 394.

RESULTS AND DISCUSSION
In this study, the measurement model was evaluated using 
the Confirmatory Factor Analysis (CFA) method, and 
AMOS was used for this purpose. The evaluation of  the 
measurement model was conducted in two stages: Firstly, 
the goodness-of-fit was assessed. Secondly, the construct 
validity was evaluated by examining both convergent and 
divergent validity. the structural model was evaluated 
to determine the significance level of  the relationships 

between the variables. The critical ratio value was used to 
determine the significance level of  the relationships, with 
a recommended value of  less than 1.96, as suggested by 
Byrne (2016).

Demographic Profile of  Respondents
Table 1 showed the demographic and profile details of  
the respondents; the total sample of  the study was 394 
employees from the Libyan Iron and Steel Company 
in Misurata. In terms of  age, 2.0 % (N= 8) of  the 
respondents were below 30 years old, while 23.4 % 
(N=92) were between 30-40 years old; 33.5 % (N= 132) 
were between 41-50 years old, and 41.1 % (N=162) were 
above 50 years old. Regarding the qualification, 22.3 % 
(N= 88) of  them hold secondary school, 32.0 % (N= 
126) of  them hold a diploma, 41.6 % (N= 164) of  them 
hold a bachelor’s degree, and 4.1 % (N=16) of  them hold 
a master’s degree. In terms of  working experience, 1.8 % 
(N= 7) of  them have been in the company for less than 5 
years, 7.9 % (N= 31) of  them have been in the company 
between 5-10 years, 15.5 % (N= 61) have been working 
between 11-15 years, 74.8 % (N= 295) have been working 
for more than 15 years. Table 1. Demographic profiles of  
the respondents.

Table 1: Demographic and Profile Details of  Response
Characteristics Category (years) Frequency Percent

Age

below 30 years 6 2.0
30 – 40 92 23.4
41 – 50 132 33.5
> 50 164 41.1

Qualification

Secondary School 88 22.3
Diploma 126 32.0
Bachelor's degree 164 41.6
Master's degree 16 4.1

Working experience

< 5 years 7 1.8
5-10 Years 31 7.9
11-15Years 61 15.5
> 15 Years 295 74.8

Assessment of  Measurement Model
Two latent variables (developing production process 
management and quality control) include the measurement 
model. Estimates of  factor loadings for all items included 
in the model exceeded the endorsed amount, ranging 
from 0.69 to 0.78 for developing production process 
management and 0.68 to 0.86 for quality control (refer 
to Table 2). The CFA results for the measurement model 
depicted in Figure 1 revealed a satisfactory model fit 
for the following metrics: χ2 statistic = 524.442, p < 
0.000, df  = 227, CMINDF = 2.31, TLI = 0.95, CFI = 
0.95, RMSEA = 0.058 (Hair et al. 2019); These metrics 
are adequate for evaluating model fitness (Kline, 2016; 
Zumrah et al, 2021).

The reliability and validity of  the current model were 
determined by calculating Cronbach’s Alpha and 
composite reliability (C.R.) of  the constructs. On the 
other hand, the factor loadings for each item were 
assessed to determine the convergent validity (CV) of  
the models; the average extracted variance (AVE) was 
also calculated. According to Table 2, the results of  
reliability and convergent validity provided acceptable 
indicators. Discriminant validity (DV) measures the 
extent of  variation between different variables. Fornell 
Larcker Criterion (FLC) is commonly used to evaluate 
discriminant validity (Al-refaei, Zumrah, &, Al-Shuhumi, 
2019). FLC necessitates that the value of  the AVE square 
root coefficients existed in the correlation matrix be 
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larger than the value of  squared correlation estimates of  
the construct. (Fornell & Larcker, 1981).
The findings of  the CFA showed factor loadings ranged 
between 0.68 and 0.86. Cronbach’s Alpha for developing 
production process management was 0.92 and for 
quality control was 0.95. The C.R. for each construct 
had satisfying values; for developing production process 
management, it was 0.92; for quality control, it was 0.96; 
these values were above the specified cut-off  value of  
0.70. (Hair et al., 2019). In contrast, the AVE value for 
each construct ranged from.054 to 0.64, which was more 
than 0.50 and lower than the C.R. value predicted by Hair 
et al. (2019). thereby establishing the convergent validity 
(CV) of  the measurement model.
Discriminant validity (DV) which was evaluated by 

the Fornell Larcker Criterion (FLC) demonstrated 
greater values of  the AVE square root coefficient in the 
correlation matrix compared to that of  the constructs’ 
squared correlation estimates (Fornell & Larcker, 1981).

Structural Model
The structural equation model of  the current study figure 
1, evaluates the direct impact of  developing production 
process management on quality control. Model fit 
indices for the structural model indicate a reasonable fit 
(see Figure 1) with the following metrics: χ2 statistics 
= 524.442, df  = 227, CMINDF = 2.31, p 0.0001, CFI 
= 0.95, TLI = 0.95, RMSEA = 0.058. these metrics 
demonstrated a reasonable model fit for this model using 
these metrics as suggested by Hair et al. (2019).

Table 2: Reliability, indicators' factor loading, and constructs' validity
Construct and Indicators Loading Alpha CR AVE
Production Process Management
PP1 0.74 0.92 0.92 0.54
PP2 0.76
PP3 0.73
PP4 0.72
PP5 0.73
PP6 0.70
PP7 0.78
PP8 0.72
PP9 0.69
PP10 0.78
Quality Control
QC1 0.70 0.96 0.95 0.64
QC2 0.82
QC3 0.70
QC4 0.86
QC5 0.83
QC6 0.76
QC7 0.84
QC8 0.86
QC9 0.75
QC10 0.85
QC11 0.84
QC12 0.68
QC13 0.84

Table 3: FLC of  all the constructs
Variables Production Process Management Quality Control
Production Process Management 0.74
Quality Control 0.706*** 0.80
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Hypothesis Testing and Results
The result structural model emphasizes the significance 
of  the relationship between developing production 
process management and quality control, as presented in 
Table 4. According to Byrne (2016), the t-statistic must 
be greater than 1.96, and the p-value must be less than 

0.05. For the influence of  developing production process 
management on quality control, the standardized path 
coefficients were positive and statistically significant (β 
= 0.71, t = 11.56, p = 0.000). Table 4 also displays the 
result of  the standardized regression estimation for the 
structural model.

Figure 1: Structural Model of  the study

Table 4: Standardized Regression Estimation
Path Estimate Standard Error t-value (C.R) p-value Result

USD SD
Culture → Performance 0.70 0.71 0.061 11.56 0.000 Supported

*Note: USD= Unstandardized. SD= Standardised

CONCLUSIONS
According to the result of  this study, there is a direct effect 
of  the development of  production process management 
and quality control from the perspective of  the study 
sample at the Libyan Iron and Steel Company in Misurata, 
and statistical analysis confirmed this relationship. This 
result demonstrates the interest of  the Libyan Iron and 
Steel Company - Misrata in the continuous development 
of  the management of  production processes throughout 
the various stages of  manufacturing, beginning with the 
detection and auditing of  production processes, melting 
and casting raw materials in the rods and skewers section 
of  the steel plant, and concluding with the examination 
of  finished products. All of  these procedures improve 
the quality of  the final product. The study shows a direct 
relationship between developing production process 
management and quality control at the Libyan Iron and 
Steel Company Misrata.
On the contrary, the lack of  interest in the continuous 
development of  the management of  production 
operations by the management of  the Libyan Iron and 
Steel Company - Misurata will fail to control the product’s 
quality, resulting in the company’s inability to compete 
in the market and a decline in its market share. This 
interpretation is consistent with theorists and experts of  
quality programs, as numerous studies (Williams et al., 

2006; Oakland & Tanner, 2007; Asif  et al., 2009) have 
shown that failures associated with the failure of  quality 
management programs are pervasive. Moreover, one 
of  the most important reasons for this is the weakness 
in the planning of  production processes and quality 
management systems, as well as their inability to learn, 
adapt to change, and predict the future, due to the fact 
that the management of  operations, the implementation, 
and the success of  quality programs require a great deal 
of  effort and resources (Asif  et al., 2009). Therefore, the 
researcher believes that the continuous development of  
the management of  production processes and the ability 
to adapt them to emergency changes will spare the Libyan 
Iron and Steel Company many problems and tighten its 
control over the quality of  its products, as any problem 
in the production processes will have a direct impact on 
product quality. 
The result of  this study is consistent with the principles of  
the theory of  comprehensive quality management, which 
were developed by the first theorists of  quality, such as 
Edward Deming (1986), Juran (1993), Ishikawa (1986), 
and others, and which emphasize the use of  a set of  
methods, techniques, and administrative practices within 
an organization to improve quality, as well as quality 
control and monitoring, with the primary objective of  
meeting customer expectations by enhancing quality. The 



Pa
ge

 
30

https://journals.e-palli.com/home/index.php/ajebi

Am. J. Econ. Bus. Innov. 2(3) 25-31, 2023

result of  this study is consistent with the “hard” total 
quality management practices identified by (Wilkinson, 
1992), and these solid practices emphasize developing 
production techniques, such as controlling production 
processes, sharing the quality function, designing 
processes for products, and monitoring Inventory, timely 
supply and handling of  materials, as well as focusing on 
these practices and continuous development and control 
of  production processes. Researchers in the field of  total 
quality management, such as (Feng et al., 2006; Sutrisno, 
2019; Youssef  & Youssef, 2018), developed a set of  
indicators to measure operational performance, including 
the following: enhancing product quality, service quality, 
increasing productivity, and decreasing waste costs and 
reducing waiting time, delivering products accurately, and 
optimizing inventory performance. This study concludes 
that if  the Libyan Iron and Steel Company adheres to 
these indicators and works to improve and develop them 
perpetually, it will maintain product quality, thereby gaining 
a competitive advantage and surviving in the market.

Implications of  the Study
This study is considered one of  the few and scarce studies 
that provide, through the practical study on the Libyan 
Iron and Steel Company - Misurata, practical evidence of  
the most important factors that work to improve the final 
product of  the company, leading to the desired quality 
control that gives Libyan production a tremendous 
competitive advantage. The practical contributions 
of  the current study are to assist the managers in the 
process of  quality control at the Libyan Iron and Steel 
Company - Misurata and provide them with a practical 
guide to benefit from strategic plans based on accurate 
information through the development of  production 
operations management and to utilize these plans for 
the continuous improvement of  product quality, up to 
the required quality and control. Through the continuous 
development of  production processes, strategic planning, 
and quality control, the quality management and control 
process is not distinct from the rest of  the company’s 
sequential processes but forms a continuous link with them. 
Quality control cannot be attained without continuous 
improvement of  the company’s production processes.

Limitations and Direction for Future Research
This study relied on the cross-sectional method in the 
data collection process, as the study data were collected 
in a specific period. This study believes that it is helpful 
to conduct a similar study based on data collection in 
two separate periods, such as collecting data before and 
after the development of  the production management 
process and comparing the results in the quality control 
process, in order to reach the actual impact of  the 
development process in the production processes. This 
study was conducted in one company, the Libyan Iron 
and Steel Company - Misurata. It is helpful to conduct 
similar studies on more than one company, whether in the 
same sector or to repeat the same study on companies in 

other sectors, to obtain more comprehensive results and 
research that can be generalized to other sectors

REFERENCES 
Al-Bayaa, Ghada Anis (2020). Industrialization is Africa’s 

only path toward development. Studies Journal, 21(4), 
7-38.

Al-Jamal, H. S. (2018). The importance of  human 
resources in achieving the future vision of  the Libyan 
Iron and Steel Company. International Conference on 
Education in Libya. March 28-29. Libya.

Al-Refaei, A. A. A. H., Zumrah, A. R., & Al-Shuhumi, 
S. R. A. (2019). The Effect of  Organizational 
Commitment on Higher Education Services Quality. 
E-Journal on Integration of  Knowledge (7th Edition).

Al_Refaei, A. A. A. H., Ali, N. A. A. M. A., & Bahaj, 
A. M. H. A. (2021). An Investigation on the Impact 
of  Training and Development on Service Quality in 
the Higher Education Sector. Journal of  Critical Reviews, 
8(3), 250-260.

Al-Refaei, A. H., Zumrah, A. B., Alsamawi, M. A., & 
Alshuhumi, S. R. (2019). A Multi-Group Analysis of  
the Effect of  Organizational Commitment on Higher 
Education Services Quality. Journal of  business society, 
3(10), 40-48.

Al-refaei, A.A.-A.; Ali, H.B.M.; Ateeq, A.A.; Alzoraiki, 
M. (2023). An Integrated Mediating and Moderating 
Model to Improve Service Quality through Job 
Involvement, Job Satisfaction, and Organizational 
Commitment. Sustainability, 15, 7978.

Alsamawi, M. A. A., Darun, M. R., Panigrah, S. K., & Al-
Refaei, A. A. A. H. (2019). The effect of  corporate 
social responsibility on corporate performance in oil 
and gas industry. Journal of  Advanced Research in Social 
and Behavioural Sciences, 16(1), 1-14.

Alsamawi, M. A., Darun, M. R., & Panigrahi, S. K. 
(2019). Investigating the Effect of  Corporate Social 
Responsibility and Affective Commitment on 
Corporate Performance in Oil and Gas Corporations 
in Yemen. Journal of  Advanced Research in Business and 
Management Studies, 17(1), 41-56.

Asif, M., Joost de Bruijn, E., Douglas, A., & Fisscher, O. 
A. (2009). Why quality management programs fail: 
a strategic and operations management perspective. 
International Journal of  Quality & Reliability Management, 
26(8), 778-794.

Belto, M. A. (2022). Editorial of  the Libyan Steel 
Magazine, Libyan Steel Magazine, published by the 
Libyan Iron and Steel Company. Issue (8), 1-1.

Bin Saleh, R. A. & Al-Ratimi, B. A. (2019). Industrial 
development strategies and their future prospects for 
achieving sustainable development in Libya. Journal of  
the Faculty of  Economics for Scientific Research. (4), 1-12.

Byrne, B.M. (2016). Structural equation modelling 
with AMOS: basic concepts, applications, and 
programming. Taylor and Francis.

Chen, B., Wan, J., Shu, L., Li, P., Mukherjee, M., & 
Yin, B. (2017). Smart factory of  industry 4.0: Key 



Pa
ge

 
31

https://journals.e-palli.com/home/index.php/ajebi

Am. J. Econ. Bus. Innov. 2(3) 25-31, 2023

technologies, application case, and challenges. Ieee 
Access, 6, 6505-6519.

Dao, A. M., Walker, B., & Strickler, C. (2020). Impact 
of  Operations Management Practices on Firm 
Performance: An Empirical Analysis at Vietnam’s 
Mechanical Firms. International Journal of  Business & 
Applied Sciences. 9(1), 13- 21.

Deming, W.E. (1986), Out of  Crisis, MIT Center for 
Advanced Engineering Study, Cambridge, MA.

Drake, S. A., Pierce, M., Gumpeni, P., Giardino, E., & Wolf, 
D. A. (2021). Quality Assurance Through Standard 
Operating Procedures Development and Deviation: 
A Medicolegal Death Investigation Systems Response 
to the COVID-19 Pandemic. Journal of  forensic nursing, 
17(1), 61.

European Commission (EC). (2010). EUROPE 2020: A 
strategy for smart, sustainable and inclusive growth. 
Working paper {COM (2010) 2020}.

Feng, J., Prajogo, D. I., Tan, K. C., & Sohal, A. S. (2006). 
The impact of  TQM practices on performance: 
A comparative study between Australian and 
Singaporean organizations. European Journal of  
Innovation Management.

Foidl, H., & Felderer, M. (2016). Research challenges of  
industry 4.0 for quality management. In Innovations 
in Enterprise Information Systems Management and 
Engineering: 4th International Conference, ERP Future 
2015-Research, Munich, Germany, November 16-17, 2015, 
Revised Papers 4 (pp. 121-137). Springer International 
Publishing.

Fornell, C., & Larcker, D. F. (1981). Evaluating Structural 
Equation Models with Unobservable Variables and 
Measurement Error. Journal of  Marketing Research, 
18(1), 39-50.

Ghumiem, S. H., & Alawi, N. A. M. (2022). The Effects 
of  Organizational Commitment on Non-Financial 
Performance: Insights from Public Sector Context in 
Developing Countries. Journal of  International Business 
and Management, 5(8), 01-13.

Ghumiem, S. H., Alawi, N. A., Abd A-A, A. R., & Masaud, 
K. A. (2023). Corporate Culture and Its Effects on 
Organizational Performance: Multi-Group Analysis 
Evidence from Developing Countries. European Journal 
of  Business and Management Research, 8(2), 142-148.

Godina, R., & Matias, J. C. (2019). Quality control in the 
context of  industry 4.0. In Industrial Engineering 
and Operations Management II: XXIV IJCIEOM, 
Lisbon, Portugal, July 18–20 24 (pp. 177-187). 
Springer International Publishing.

Godina, R., & Matias, J. C. (2019). Quality control in the 
context of  industry 4.0. In Industrial Engineering 
and Operations Management II: XXIV IJCIEOM, 
Lisbon, Portugal, July 18–20 24 (pp. 177-187). 
Springer International Publishing.

Hair, J. F., Black, W. C., Babin, B. J., & Anderson, R. E. 
(2019). Multivariate data analysis (Eighth Edi). Cengage, 

Andover.
Isikawa, K. (1986), Guide to Quality Control, Asian 

Productivity Organization, Tokyo.
Juran, J. M. and Godfrey, A. B., (2000), “Juran’s Quality 

Handbook”, 5th Edition, Mc Graw Hill, Singapore.
Kim, H., Lin, Y., & Tseng, T. L. B. (2018). A review on 

quality control in additive manufacturing”, Rapid 
Prototyping Journal, 24(3), pp.645-669, https://doi.
org/10.1108/RPJ-03-2017-0048.

Kline, R.B. (2016). Principles and Practice of  Structural 
Equation Modelling. (4th Ed). the GuiLFord Press. 
New York.

Malhotra, N. K., & Dash, S. (2016). Marketing Research: 
An Applied Orientation. Pearson Education, Inc., 
publishing as Prentice Hall.

Malhotra, N., Hall, J., Shaw, M., & Oppenheim, P. (2006). 
Marketing research: An applied orientation. Deakin 
University.

Oakland, J. S., & Tanner, S. J. (2007). A new framework 
for managing change. The TQM magazine. 19(6), pp. 
572-89.

Sarstedt, M., & Mooi, E. (2019). A Concise Guide to 
Market Research: The Process, Data, and Methods 
Using IBM SPSS Statistics (third Edit). Springer.

Sutrisno, T. F. (2019). Relationship between Total Quality 
Management element, operational performance 
and organizational performance in food production 
SMEs. Jurnal Aplikasi Manajemen, 17(2), 285-294.

Wilkinson, A. (1992), “The other side of  quality: ‘soft’ 
issues and the human resources dimensions”, Total 
Quality Management, 3(3), pp. 323-329.

Williams, R., Van Der Wiele, T., Van Iwaarden, J., Bertsch, 
B., & Dale, B. (2006). Quality management: the new 
challenges. Total Quality Management and Business 
Excellence, 17(10), 1273-1280.

Wu, H. C., & Chen, T. C. T. (2018). Quality control 
issues in 3D-printing manufacturing: a review. Rapid 
Prototyping Journal, 24(3), 607-614.

Youssef, M. A., & Youssef, E. M. (2018). The synergistic 
impact of  ISO 9000 and TQM on operational 
performance and competitiveness. International 
Journal of  Quality & Reliability Management.

Zhou, J. (2015). Intelligent Manufacturing Main Direction 
of ” Made in China 2025”. China Mechanical Engineering, 
26(17), 2273.

Zumrah, A. R. (2019). The Effect of  Affective 
Commitment of  Non-Academic Staff  on Services 
Quality in Higher Education Sector. E-Proceeding of  the 
5 World Conference on Integration of  Knowledge. Available 
at https://dx.doi.org/10.2139/ssrn.4187788.

Zumrah, A. R. B., Bahaj, M. H. A., & Alrefai, A. S. (2021). 
An Empirical Investigation of  the Effect of  Training 
and Development on Organizational Commitment 
in Higher Education Sector. Journal of  International 
Business and Management.


