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Abstract – The quality of products and services used 
in global marketplaces is critical. Manufacturing 
companies can compete in international marketplaces 
by leveraging quality effectively to outperform 
competition. Industry 4.0, a plan promoted by 
industrialized countries, has resulted in implementing 
"smart manufacturing," which places a premium on 
quality control. As a result of improved quality control 
enabled by new technology, the industrial sector has 
been changed. Nonetheless, smart quality 
implementation is still in its early stages, and more 
empirical study is needed to understand its benefits 
and drawbacks fully. A survey will be developed to 
assess how people perceive smart quality awareness 
and manufacturers' readiness to embrace Smart 
Quality. This study applied Delphi methodology to 
investigate the critical factors and particular indicators 
of implementing the Smart Quality model in 
manufacturing organizations. Experts from academics 
and business management analysed the Delphi 
approach and discovered eight factors and sixteen 
indicators. The findings will lead to a new method for 
assessing Smart Quality.  
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1. Introduction

Quality is a vital aspect of products and services 
used in global marketplaces. Organizations can 
compete in international markets by efficiently 
utilizing quality to outperform competitors. 
Integrating several cutting-edge technologies, such as 
machine learning, the Internet of Things, cyber 
security, 3D printing, mixed reality, autonomous 
robots, cloud computing, cognitive computing, 
quantum computing, augmented reality, cyber-
physical spaces, nanotechnology, genetic 
engineering, artificial intelligence,  and blockchain 
technology, has significantly impacted industrial 
systems in recent times [1]. Industry 4.0 has changed 
substantially modern enterprises' engineering, 
manufacturing techniques, procedures, and 
technologies [2]. This phenomenon, known as the 
Fourth Industrial Revolution is founded on advanced 
engineering and manufacturing technology. 
Extensive digitalization, advanced robotics, adaptive 
automation, modeling and simulation, artificial 
intelligence, additive and precision manufacturing, 
big data analytics, and material nanoengineering are 
all part of it [1], [3]. One issue to address is how 
traditional management systems and processes have 
accommodated changes in cycle time compression, 
product development stages, and staff efforts in order 
to meet customer expectations and requirements [4], 
[5]. 

The onset of the fourth industrial revolution has 
led to notable advancements in field of quality 
management (QM) due to modern technology that 
improves QM processes [6]. According to Silitonga 
et al. [6], by adding the concept of supply chain in 
quality management process, quality 4.0 expands on 
Industry 4.0. Smart quality is a framework that uses 
data analytics and digital technologies to optimize 
performance and streamline quality management 
operations.  
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It entails gathering, evaluating, and displaying 
quality-related data from a variety of sources, 
including sensors, industrial machinery, and quality 
assessments. As a result, this data is utilized to 
uncover patterns, trends, and anomalies, assisting 
organizations in improving their performance, 
reducing errors, and increasing efficiency. 

Many countries are actively working to develop 
Industry 4.0 and intelligent manufacturing, which has 
emerged as a dominant trend in the global 
manufacturing industry. The fundamental goals and 
distinguishing characteristics of innovative 
manufacturing development are widely 
acknowledged as supporting environmentally 
sustainable practices and incorporating human-
centric approaches [7]. Intelligent manufacturing is 
strengthened by an integrated automation system that 
is based on ICT (Information and Communication 
Technology). This system incorporates numerous 
technological tools, including big data, information-
physical systems, cloud computing, the Internet of 
Things (IoT) and artificial intelligence [1], [8], [9]. 

Smart manufacturing is a cutting-edge and 
revolutionary solution to the industrial system. Smart 
manufacturing is a term researchers use to describe a 
sophisticated automation system used in 
manufacturing processes. It employs data-driven 
analytics and incorporates numerous sophisticated 
technology instruments inside a cyber-physical 
system [10]. Smart manufacturing is a holistic system 
that combines contemporary information and 
communication technology (ICT) and data analytics 
with intelligent technological improvements, all 
coupled with a decision-making system [11]. This 
technology enables the incorporation of sophisticated 
control and decision-making functionalities into 
industrial processes and shop floors, resulting in high 
autonomy and intelligence [12]. Integrating 
information technology and automation, as well as 
Internet of Things (IoT) technologies, allows for the 
smooth flow of production instructions, resources, 
components, processed parts, and finished goods in 
smart manufacturing [13]. 

Research investigates the variables linked with 
Quality 4.0 or smart quality. Antonino et al. [14] 
found three criteria that influence the 
accomplishment of Quality 4.0: The industrial 
system configuration, technology of cyber-physical 
systems, and the standardization of cyber-physical 
quality procedures are all explored. Carvalho and 
Lima [15] identified eight characteristics that 
strongly influence the performance of Quality 4.0: 
commitment from management, employee 
 

involvement, customer and supplier participation, 
benchmarking methodology, information and 
analysis, process management, and formal strategy 
development are all critical components of successful 
business operations. Another study by Maganga and 
Taifa [16] examined the critical components of 
achieving Quality 4.0. Some key factors that 
contribute to the success of an organization include 
support from top management, leadership support, 
strategic vision, awareness, knowledge, training and 
skills development, adoption of advanced 
technology, government structure, organizational 
culture, supplier and customer orientation, 
collaboration, reliable infrastructure, supporting 
technology implementation, big data utilization, 
presence of a talented and skilled labor, and 
sufficient financial supports. 

Industry strives to mechanize digital procedures 
and synchronize and integrate those mechanized 
procedures with other systems and operations to 
utilize smart quality fully. Staff and management 
may spend more time on innovation and creativity 
and less time implementing changes when the system 
is improved. A firm's top management's unwavering 
support will enable and promote actions and attitudes 
that result in superior outcomes for the company. To 
achieve excellence and preserve their competitive 
edge, businesses also need to put into practice a 
strategy plan that emphasizes ongoing development 
and the application of cutting-edge technology. 
Various essential abilities are required for quality 
practitioners in the context of new revolutions. 
Adequate preparation will be critical, as various 
talents at multiple levels will be required. The aim of 
this research is to create a framework/model that will 
enable manufacturing enterprises to switch from 
conventional quality methodologies such as total 
quality management (TQM), quality control and 
assurance, to smart quality. A contemporary 
approach to quality control called "smart quality" is 
in line with the advancements of the fourth industrial 
revolution. 

 
2. Research Methodology 
 

The traditional Delphi method starts with an 
unstructured questionnaire that needs a lot of time to 
finish and usually has a low response rate [17], [18]. 
The Delphi approach justifies the merger. It shows 
how it might be used to assess leadership 
performance in real-time restructuring projects 
involving system decision-makers [19]. Figure 1 
depicts the incremental steps in four stages. 
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Figure 1. Research method 
 

The first stage focuses on getting consensus 
among the panelists on the proposed relationship, 
which is the foundation for building the model. The 
panelists were asked to agree if the factors and 
indicators aligned with current theories. According to 
a Likert scale with a range of 1 to 5, the approval 
scores were determined: 1= considerable 
disagreement, 2= disagreement, 3= neutrality, 4= 
agreement, and 5= great agreements.  

According to Mao et al. [18], the statistical 
analysis will determine the level of comprehension, 
interquartile range (IQR), and median based on the 
following criteria: 

a) The responses from the top two measures 
should agree by more than 70%. 

b) The IQR should be one or less. 
c) Between the top measures should lie the 

median 
 Getting validation for the suggested indicators is 
the purpose of the second stage. To find out if the 
suggested indicators produced a conformance rating 
between 1 and 5 and matched the pertinent factors, 
the panelists were asked a series of questions (Table 
1 defines the scoring system). As in the first round, 
the statistical analysis will assess the degree of 

agreement with the requirements, the median, and the 
interquartile range (IQR). 

Agreeing on the compiled items is the goal of 
stage 3. Based on panelist comments and references 
from previous studies, each indicator is turned into a 
statement or an article. Each item needs to be stated 
clearly. Future empirical research participants who 
are stakeholders expect all items to be easily 
understood. At this point, the panelists will be asked 
to assess an item's level of acceptability for a 
particular stakeholder group. A positive or negative 
binary scale is used to convey the responses. The 
panelists' unanimity in agreeing to inform the chosen 
stakeholders about an issue is represented by the 
affirmative response "YES," whereas the negative 
response "NO" suggested otherwise. When there is 
more agreement than 67% (0.67) among the 
panelists, a response is deemed the consensus [20]. In 
these conditions, the issue is considered appropriate 
for a particular stakeholder group of 36 individuals if 
more than 67% (0.67) of the panelists responded in 
the affirmative. Items that receive a majority "YES" 
vote are kept; otherwise, they are removed. During 
the final round, the panelists were required to 
determine if a certain item was appropriate for a 
given stakeholder group. 
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Table 1. Suitable scale [17] 

No Scale reference Definition 

1 Most unsuitable No connection/no relevance. It should not be considered a factor at all. 

2 Unsuitable Relevant insignificantly to the latent variable. It barely makes a difference. 

3 Moderate suitable 
Potentially pertinent to the latent variable (Possibly pertinent to the latent 
variable). 

4 Suitable Pertinent to the latent variable. 
5 

Very suitable 
The latent variable is where it is most applicable. It directly affects the latent 
variable. 

 
3. Results and Discussion 

This section will present the data processing and 
discuss the results from stage 1 to stage 4 based on 
the research methodology. 

3.1. Stage 1: Determine Factors and Indicators 
Latent variables that required measurable 

indicators were the factors that were being examined. 
As such, identifying indications was the next step in 
the conversation. Prior research was used for the 
concepts [6]. Table 2 lists the twenty-one indicators 
that have been selected. The panelists' approval and 
unanimity were also necessary before going on to the 
next round. 

Table 2. List of proposed indicators 

Factor References 
Leadership [21] 
Strategy [2], [3], [21] 
Organizational culture [22] 
Skilled and competent 
workers 

[2], [22] 

Adoption of smart 
quality 

[2], [21] 

Infrastructure [23],[24], 
[25] 

Financial  [26] 
Performance [2], [21] 

 
3.2. Stage 2: Verify Factors and Indicators 

 
A panel of experts must reach a consensus in 

order to use the Delphi technique [27]. The panelists' 

replies were analyzed to arrive at a consensus. 
Invitations to participate as panelists have been sent 
to six professionals. Grime and Wright [28] 
recommend consulting five to twenty specialists with 
a variety of backgrounds and pertinent field 
experience. Every one of the six experts said they 
would be willing to take part in the research. These 
were the executives and management from industry 
and academia. The experts' demographic features are 
displayed in Table 3. 

Table 3. The experts’ profile 

 Level Number 
of 
experts 

Industry C-level 1 
 Management 2 
Academia Managerial 2 
 Lecturer 1 

 
The panelists were questioned about the 

suitability of the proposed indicators in bolstering the 
pertinent factors. Experts provided a rating ranging 
from 1 to 5 based on Table 1. Based on a prior study 
by Mao et al. [18], statistical analysis was conducted 
for this investigation.  
 
3.3. Stage 3: Determine the Items 

 
The next step in the procedure was to gather the 

items that were derived from each indicator. There 
were sixteen items in all (Table 4). In addition, the 
panelists' agreement was required to confirm the 
suitability of the items. SPSS was used to analyze the 
stage 2 data, and Table 5 shows the results, including 
the median, IQR, and degree of agreement. 
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Table 4. List of factors and items 

Factors Items Code 
Leadership How eager the leaders to put smart quality (SQ) into practice? IL1 

Strategy Is the company prepared to implement a SQ-aligned modern 
quality approach? IS1 

 Does your company have a roadmap for putting SQ into 
practice? IS2 

 What role does SQ play in the organization’s vision and 
strategy? IS3 

Organizational Culture How is the quality culture in your organization? IOC1 

Skilled & 
 Competent Workers 

Is your company building the quality knowledge and abilities 
necessary to implement the modern quality philosophy in line 
with the fourth industrial technology? 

ISC1 

Within the organization, how are skills and knowledge shared? ISC2 

Adoption of Smart 
Quality 

Did you know that satisfying customer needs is the main goal 
of quality improvement? IASQ1 

As you may know, cutting losses, waste, quality expenses, and 
inefficiencies across the whole manufacturing cycle is what 
continuous improvement entails. 

IASQ2 

Do you know what technology the Industry 4.0 revolution's 
new quality techniques are based on? IASQ3 

Infrastructure 

Does your organization use cyber security in its IT 
applications? II1 

Is data transparency being achieved by your organization via 
the use of technology and data integration in quality 
management? 

II2 

Does your business use technology that can handle large 
amounts of data (big data)? II3 

Financial Is your company utilizing funds to implement the high-quality 
technology that is driving the industry 4.0 revolution? IF1 

Performance 
How does your company focus on meeting customer needs? IP1 
Do the products have integrations with other systems (such 
supply chain, purchasing, sales, etc.)? IP2 

 
 

Table 5. The median, IQR, and level of agreement of items 
Factors Code Indicators Median IQR Level of Agreement 

Leadership IL1 Leadership 5 0 1 

Strategy 
IS1 Top management support 5 0 1 
IS2 Formal strategic planning 4 0 0.83 
IS3 Benchmarking techniques 4 0.75 0.67 

Organizational 
culture IOC1 Organizational culture 4 0.75 0.83 

Skilled and 
competent worker 

ISC1 Information and analysis 4 0.75 0.83 

ISC2 Competent and skilled 
workers 4 0 1 

Adoption of Smart 
quality 

IASQ1 Management commitment 5 0.75 1 
IASQ2 Process management 4 0 0.83 
IASQ3 Collaboration 4 0 0.83 

Infrastructure 

II1 Cyber security 4.5 1 1 

II2 Cognitive technology 
availability 4.5 1 0.83 

II3 Reliable infrastructure 5 0.75 0.83 
Financial IF1 Financial setup 4 0.75 0.83 

Performance IP1 Customer Involvement 4 0.75 0.67 
IP2 Employee involvement 4 0 0.67 
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3.4.  Stage 4: Verify the Items 
 

In this phase, the panelists were assigned the 
responsibility of assessing an item's suitability 
regarding a particular stakeholder group. Responses 
were measured on a binary scale of “YES” or “NO”. 
The answer "YES" signifies the panelists' agreement 
to direct an item to the specified stakeholders, 
whereas the response "NO" indicates the opposite. 
The response is considered the consensus when the 
panelists' agreement exceeds 67% (0.67) [20]. Under 
these circumstances, it is presumed that the item is 
appropriate for a specific stakeholder group of 36 
individuals if over 67% (0.67) of the panelists 
answered affirmatively. Items are preserved if there 
is a prevailing "YES" vote; otherwise, they will be 
eliminated.  

The remaining inquiries will generate a prototype 
survey tailored to specific stakeholder demographics.  

The content validity index (CVI) was analyzed 
continuously throughout the process. It is a crucial 
aspect of scale construction as it assesses how much 
a questionnaire includes a representative selection of 
items that accurately measure the intended construct 
[29]. To guarantee that the questionnaire contains an 
appropriate assortment of things for the evaluated 
concept, Rodriques et al. [30] furnished guidance on 
computing content validity while Polit et al. [31] 
specified the crucial threshold within the acceptance 
range. Table 6 provides an overview of both 
descriptions. The procedure proceeded by assessing 
the content validity index, beginning with each item's 
I-CVI and UA computations, as indicated in Table 7. 

Table 6. Content validity and the significant value 

Content Validity Symbol Calculation Significant Value 

Content validity for 
each item I-CVI 

The proportion of experts 
who said "YES" to all 
experts 

≥ 0.78 

Overall scale validity 
(Average) S-CVI/Ave 

The sum of the I-CVIs is 
divided by the total number 
of items 

≥ 0.90 

Overall scale validity 
(Universal agreement) 

S-CVI/UA If all panelists responded 
YES to an item, it is given 
a value of 1; otherwise, it is 
given a value of 0 
(Universal Agreement/UA). 
The S-CVI/UA is derived 
via dividing the entire 
number of items by sum of 
UAs 

Overall scale validity 
(Universal agreement) 

 

Table 7. Calculation of I-CVI and UA for each item 

Code Experts Expert in 
Agreement I-CVI UA S-CVI/Ave S-CVI/UA 1 2 3 4 5 6 

IL1 1 1 1 1 1 1 6 1 1 

0.979 0.875 

IS1 1 1 1 1 1 1 6 1 1 
IS2 1 1 1 1 1 1 6 1 1 
IS3 1 1 1 1 1 1 6 1 1 

IOC1 1 1 1 1 1 1 6 1 1 
ISC1 1 1 1 1 1 1 6 1 1 
ISC2 1 1 1 1 1 1 6 1 1 

IASQ1 1 1 1 1 1 1 6 1 1 
IASQ2 1 1 1 1 1 1 6 1 1 
IASQ3 1 1 1 1 1 1 6 1 1 

II1 1 1 1 1 1 1 6 1 1 
II2 1 1 1 1 1 1 6 1 1 
II3 1 1 1 1 1 1 6 1 1 
IF1 1 1 1 1 1 1 6 1 1 
IP1 1 1 1 0 1 1 5 0.833 0 
IP2 1 1 1 0 1 1 5 0.833 0 
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The ratios of S-CVI/UA and S-CVI/Ave were 
computed. The entries in the list had I-CVI values 
ranging from 0.80 to 1.00, which exceeded the 
recommended cut-off point of 0.78. This suggests 
that every item's content was of the exceptional 
quality. The S-CVI/UA and S-CVI/Ave values are 
0.875 and 0.979, respectively, above the suggested 
thresholds of 0.8 and 0.9. Subsequently, the entire 
scale demonstrated outstanding content validity. 
Each of the three variables is represented by a 
different indicator: leadership, organizational culture, 
and financial factors. This statistic is generated by 
assessing the efficacy of leadership, the state of 
corporate culture, and the financial structure within 
the organization. The three indicators of strategic 
considerations are the extent of top management 
support, formal strategic planning, and the 
application of benchmarking tools throughout the 
firm. Two indicators were used to assess the skilled 
and competent worker component: the quality of 
information and analysis and the presence of 
competent and professional people. 

Three essential variables influence the adoption of 
intelligent quality elements: management 
commitment, process management, and 
collaboration. The infrastructure factor includes three 
indicators: cyber security, cognitive technology 
accessibility, and the dependability of the used 
infrastructure. Two performance measures are used: 
customer engagement and employee engagement. 
The things were arranged to be distributed among the 
recipients. As a result, it is critical to formulate the 
questions understandably and adequately so that all 
responders interpret them similarly. A prototype 
instrument was created that included a wide range of 
pertinent questions for every stakeholder group. 
There was broad consensus on every topic, with 
agreement rates topping 67%. As so, the revised 
Delphi survey has been finished. 
 
4. Conclusion 

 
This study developed a tool for evaluating the 

manufacturing company. Eight factors were 
discovered: the primary focus areas include 
leadership, strategy, organizational culture, qualified 
and competent staff, intelligent quality 
implementation, infrastructure, financial 
management, and performance. The eight criteria 
were fundamental constructs that required measurable 
evidence to confirm their validity. Furthermore, a 
total of 16 specific indicators have been identified. 

Using a combination of focus group discussion, 
expert consensus, and research a deductive method 
was employed to discover attributes, indicators, and 
items.  

The panelists, experts in corporate management 
and higher education/academics, shared their 
thoughts. The application of the modified Delphi 
technique led to the agreement. The questions 
presented to the panelists were straightforward but 
relatively well-organized inquiries based on 
established and reliable preceding research. Expert 
panel consensus was established on every item, and 
the scale as a whole and its separate parts were 
determined to have exceptional content validity. 
 

 
References: 
  

[1]. Ainsworth, T., Brake, J., Gonzalez, P., Toma, D., & 
Browne, A. F. (2021). A comprehensive survey of 
industry 4.0, IIoT and areas of 
implementation. SoutheastCon 2021, 1-6. 
Doi:10.1109/SoutheastCon45413.2021.9401860. 

[2]. Sony, M., & Naik, S. (2020). Critical factors for the 
successful implementation of Industry 4.0: a review 
and future research direction. Production Planning & 
Control, 31(10), 799-815. 
Doi:10.1080/09537287.2019.1691278 

[3]. Zonnenshain, A., & Kenett, R. S. (2020). Quality 
4.0—the challenging future of quality 
engineering. Quality Engineering, 32(4), 614-626. 
Doi:10.1080/08982112.2019.1706744. 

[4]. Gunasekaran, A., Subramanian, N., & Ngai, W. T. E. 
(2019). Quality management in the 21st century 
enterprises: Research pathway towards Industry 
4.0. International Journal of Production 
Economics, 207, 125-129. 
Doi:10.1016/j.ijpe.2018.09.005. 

[5]. Hyun Park, S., Seon Shin, W., Hyun Park, Y., & Lee, 
Y. (2017). Building a new culture for quality 
management in the era of the Fourth Industrial 
Revolution. Total Quality Management & Business 
Excellence, 28(9-10), 934-945. 
Doi:10.1080/14783363.2017.1310703. 

[6]. Silitonga, R. M., Lin, M. C., Sukwadi, R., & Jou, Y. 
T. (2023). Indicators for Smart Quality Model: A 
Delphi-Analytical Hierarchical Process (AHP). 
In 2023 IEEE 6th International Conference on 
Knowledge Innovation and Invention (ICKII), 444-
447. IEEE. 
Doi:10.1109/ICKII58656.2023.10332642. 

[7]. Kusiak, A. (2019). Fundamentals of smart 
manufacturing: A multi-thread perspective. Annual 
Reviews in Control, 47, 214-220. 
Doi:10.1016/j.arcontrol.2019.02.001. 

[8]. Yao, X., Zhou, J., Lin, Y., Li, Y., Yu, H., & Liu, Y. 
(2019). Smart manufacturing based on cyber-
physical systems and beyond. Journal of Intelligent 
Manufacturing, 30, 2805-2817.  
Doi:10.1007/s10845-017-1384-5. 

[9]. Kotsiopoulos, T., Sarigiannidis, P., Ioannidis, D., & 
Tzovaras, D. (2021). Machine learning and deep 
learning in smart manufacturing: The smart grid 
paradigm. Computer Science Review, 40, 100341. 
Doi:10.1016/j.cosrev.2020.100341. 

 



TEM Journal. Volume 13, Issue 2, pages 1610-1617, ISSN 2217-8309, DOI: 10.18421/TEM132-74, May 2024. 

TEM Journal – Volume 13 / Number  2 / 2024.                                                                                                                            1617 

[10]. Kang, H. S., Lee, J. Y., Choi, S., Kim, H., Park, J. H., 
Son, J. Y., Kim, B. H., Noh, S. D. (2016). Smart 
manufacturing: Past research, present findings, and 
future directions. International Journal of Precision 
Engineering and Manufacturing-Green 
Technology, 3, 111-128.  
Doi:10.1007/s40684-016-0015-5. 

[11]. Mittal, S., Khan, M. A., Purohit, J. K., Menon, K., 
Romero, D., & Wuest, T. (2020). A smart 
manufacturing adoption framework for 
SMEs. International Journal of Production 
Research, 58(5), 1555-1573. 
Doi:10.1080/00207543.2019.1661540. 

[12]. Marr, B. (2015). Big Data: Using SMART big data, 
analytics and metrics to make better decisions and 
improve performance. John Wiley & Sons.  

[13]. Yang, H., Kumara, S., Bukkapatnam, S. T., & Tsung, 
F. (2019). The internet of things for smart 
manufacturing: A review. IISE transactions, 51(11), 
1190-1216. Doi:10.1080/24725854.2018.1555383. 

[14]. Antonino, P. O., Capilla, R., Pelliccione, P., 
Schnicke, F., Espen, D., Kuhn, T., & Schmid, K. 
(2022). A Quality 4.0 Model for architecting industry 
4.0 systems. Advanced Engineering Informatics, 54, 
101801. Doi:10.1016/j.aei.2022.101801. 

[15]. Carvalho, A. V., & Lima, T. M. (2022). Quality 4.0 
and Cognitive Engineering Applied to Quality 
Management Systems: A Framework. Applied 
System Innovation, 5(6), 115. 
Doi:10.3390/asi5060115. 

[16]. Maganga, D. P., & Taifa, I. W. (2022). Quality 4.0 
conceptualisation: an emerging quality management 
concept for manufacturing industries. The TQM 
Journal, 35(2), 389-413.  
Doi:10.1108/TQM-11-2021-0328. 

[17]. Linstone, H. A. (Ed.). (1979). The Delphi method: 
techniques and applications. Reading. Adison 
Wesley. 

[18]. Mao, X., Loke, A. Y., & Hu, X. (2020). Developing 
a tool for measuring the disaster resilience of 
healthcare rescuers: a modified Delphi 
study. Scandinavian Journal of Trauma, 
Resuscitation And Emergency Medicine, 28, 1-12. 
Doi:10.1186/s13049-020-0700-9. 

[19]. Fletcher, A. J., & Marchildon, G. P. (2014). Using 
the Delphi method for qualitative, participatory 
action research in health leadership. International 
Journal of Qualitative Methods, 13(1), 1-18. 
Doi:10.1177/160940691401300101. 

[20]. Alexandrov, A. V., Pullicino, P. M., Meslin, E. M., 
& Norris, J. W. (1996). Agreement on disease-
specific criteria for do-not-resuscitate orders in acute 
stroke. Stroke, 27(2), 232-237. 
Doi:10.1161/01.STR.27.2.232. 

 
 
 
 
 
 
 
 

[21]. Antony, J., McDermott, O., & Sony, M. (2022). 
Quality 4.0 conceptualisation and theoretical 
understanding: a global exploratory qualitative 
study. The TQM Journal, 34(5), 1169-1188. 
Doi:10.1108/TQM-07-2021-0215. 

[22]. Broday, E. E. (2022). The evolution of quality: from 
inspection to quality 4.0. International Journal of 
Quality and Service Sciences, 14(3), 368-382. 
Doi:10.1108/IJQSS-09-2021-0121. 

[23]. Asghar, S., Rextina, G., Ahmed, T., & Tamimy, M. I. 
(2020). The Fourth Industrial Revolution in the 
developing nations: Challenges and road map, 102. 
Research Paper. 

[24]. Martin, J., Elg, M., & Gremyr, I. (2020). The many 
meanings of quality: towards a definition in support 
of sustainable operations. Total Quality Management 
& Business Excellence, 1-14. 
Doi:10.1080/14783363.2020.1844564. 

[25]. Sufian, A. T., Abdullah, B. M., Ateeq, M., Wah, R., 
& Clements, D. (2021). Six-gear roadmap towards 
the smart factory. Applied Sciences, 11(8), 3568. 
Doi:10.3390/app11083568. 

[26]. Fonseca, L., Amaral, A., & Oliveira, J. (2021). 
Quality 4.0: the EFQM 2020 model and industry 4.0 
relationships and implications. Sustainability, 13(6), 
3107. Doi:10.3390/su13063107. 

[27]. Von Der Gracht, H. A. (2012). Consensus 
measurement in Delphi studies: review and 
implications for future quality 
assurance. Technological Forecasting and Social 
Change, 79(8), 1525-1536. 
Doi:10.1016/j.techfore.2012.04.013. 

[28]. Grime, M. M., & Wright, G. (2016). Delphi Method. 
In Wiley StatsRef: Statistics Reference Online, Wiley, 
pp 1–6. Doi:10.1002/9781118445112.stat07879. 

[29]. Shi, J., Mo, X., & Sun, Z. (2012). Content validity 
index in scale development. Journal of Central South 
University (Medical Sciences), 37(2), 152-155. 
Doi:10.3969/j.issn.1672-7347.2012.02.007. 

[30]. Rodrigues, I. B., Adachi, J. D., Beattie, K. A., & 
MacDermid, J. C. (2017). Development and 
validation of a new tool to measure the facilitators, 
barriers and preferences to exercise in people with 
osteoporosis. BMC Musculoskelet Disord, 18(1), 1-9. 
Doi:10.1186/s12891-017-1914-5. 

[31]. Polit, D. F., Beck, C. T., & Owen, S. V. (2007). Is 
the CVI an acceptable indicator of content validity? 
Appraisal and recommendations. Research in 
Nursing & Health, 30(4), 459-467. 
Doi:10.1002/nur.20199. 


	This section will present the data processing and discuss the results from stage 1 to stage 4 based on the research methodology.
	3.1. Stage 1: Determine Factors and Indicators
	3.4.  Stage 4: Verify the Items

