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Abstract. Industry 4.0 (I4.0) has driven significant changes in or-
ganizational processes for product and service development. As result, 
companies have created strategies and practices to implement I4.0 
technologies in various areas, such as quality, occupational health and 
safety, and marketing. The implementation of I4.0 technologies in qual-
ity, known as Quality 4.0 (Q4.0), can improve operational performance 
and financial results for organizations. Q4.0 enables the identification 
and implementation of process, product, and service improvements, 
facilitates more assertive decision-making, monitors and controls de-
fects, and improves the design and development of new products, etc. 
However, Q4.0 is an emerging topic, and organizations may encounter 
challenges in implementing it effectively. Therefore, this work aims 
to identify and systematize the main scientific gaps in Q4.0 to support 
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the development of new studies that contribute to the advancement 
of this research field. A literature review was conducted to select and 
analyze articles and scientific reviews published in the Scopus data-
base. The scientific gaps identified were grouped into six clusters ac-
cording to their affinities. Thus, this work contributes theoretically to 
the thickening and expansion of theory on the subject, supporting the 
development of new research on Q4.0. In a practical way, this study 
contributes to increasing customer satisfaction and the competitiveness 
of organizations.

Keywords: Quality 4.0; Industry 4.0; Quality management.

1. Introduction

Industry 4.0 (I4.0), also referred to as the fourth industrial revolution, emerged in 
2011 and has changed the way companies develop their processes, products, and 
services. I4.0 aims to make organizations more autonomous, flexible, and collabo-
rative through the intensive use of different technologies, such as the Internet of 
Things, big data, cloud computing, collaborative robots, and blockchain [1–3]. In 
this context, many organizations have sought strategies to implement these tech-
nologies in their areas, such as production, quality, environment, and human re-
sources [4]. The use of I4.0 technologies in quality, known as Quality 4.0 (Q4.0), 
is the focus of this paper. 

Q4.0 refers to the deployment of I4.0 technologies in quality control, quality assur-
ance, and total quality management. It helps managers customize products, identify 
non-conformities, improve processes, make decisions more assertively, and reduce 
costs related to the waste of resources. Thus, Q4.0 helps organizations stand out from 
their competitors [1, 2, 5]. However, despite its benefits, many companies still have 
difficulties implementing these technologies in the quality area, requiring more stud-
ies on this subject [1, 3]. 

[6] reviewed the literature and identified the key ingredients for the implementation of 
Q4.0, which are: handling big data, improving prescriptive analytics, using Q4.0 for 
effective vertical, horizontal, and end-to-end integration, using Q4.0 for strategic ad-
vantage, leadership in Q4.0, training in Q4.0, organizational culture for Q4.0, and top 
management support for Q4.0. [5] identified and analyzed the organizational readiness 
factors that contribute to the implementation of Q4.0 through an online survey. They 
identified top management commitment, leadership, and organizational culture as the 
most important factors for effective Q4.0 implementation in organizations.
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Although Q4.0 is becoming more and more the subject of research, it is still incipi-
ent and requires more studies [6–8]. According to [7], more studies should identify 
and analyze the challenges of Q4.0 development. Therefore, this work aims to fill 
the research gap by addressing the following research question: What are the major 
scientific gaps that need to be filled for the development of Q4.0? To answer this 
question, the objective of this paper is to present and discuss the main scientific gaps 
identified through the literature.

2. Research Method 

The research method of “literature review” was employed in this work to collect 
relevant publications about Q4.0. This method allows for the in-depth and critical 
analysis of the subject studied [8]. Consequently, it was possible to identify and rec-
ommend research areas that require further studies for the development of Q4.0, re-
ferred to as scientific gaps. The steps for the development of this work are presented 
in Figure 1. 

Figure 1. Methodological flow for the development of this work.

In Step 1, the basic elements of research, such as topic, research question, research 
gap, and research method, were defined. In Step 2, the search criteria for documents 
were established. The term “Quality 4.0” was searched within the titles of articles 
and scientific reviews in the Scopus database. This database was chosen due to its 
extensive coverage and relevance to the subject under study. The search was limited 
to articles and scientific reviews, as they are a more reliable source of information. 
Furthermore, only publications in English were selected, as it is the most widely used 
language in scientific literature [9]. It is worth emphasizing that quotation marks 
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were employed to identify documents that are more trustworthy and related to the 
researched topic (Q4.0). This search was conducted in September 2022, resulting in 
the discovery and collection of 35 scientific publications.

In Step 3, the authors began the reading and detailed analysis of the publications col-
lected to identify their scientific gaps. In Step 4, the 35 scientific gaps were grouped 
into six clusters according to their similarities. These clusters are presented and dis-
cussed in Section 3. In Step 5, the conclusion was elaborated, presenting the theoreti-
cal and practical contributions of this work.

3. Results and Discussion

This section presents the 35 scientific gaps in Q4.0 identified in articles and reviews 
collected from the Scopus database. They were categorized into six clusters based 
on their similarities. In other words, these clusters are comprised of scientific gaps 
that exhibit common characteristics (Table 1). The clusters represent crucial areas for 
further research to advance and improve Q4.0. They provide significant recommen-
dations for future studies.

As shown in Table 1, the proposed clusters are: Implementation of Q4.0, Implica-
tions of Q4.0, Expansion of Q4.0, Skills and Competencies for Q4.0, Empirical 
Studies in Q4.0, and Q4.0 and Quality Management System. 

Table 1. Clusters of scientific gaps in Q4.0.

Cluster Scientific gaps Articles

Im
pl

em
en

ta
tio

n 
of

  Q
4.

0

Create models and strategies to assist in the implementation of I4.0 
technologies in the quality management system [10]

Map strategies for the development and maintenance of Q4.0 in organi-
zations from different countries [3]

Propose models and strategies to assist in the successful development of 
Q4.0 in organizations [7]

Create strategies to evaluate the quality management system of compa-
nies after the integration of I4.0 technologies [11]

Develop strategies and tools for integrating Q4.0 with the dimensions of 
organizational performance [12]

Create strategies to align Q4.0 with sustainability [13]
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Cluster Scientific gaps Articles
Im

pl
ic

at
io

ns
 o

f  
Q

4.
0

Identify and categorize the investments required to implement Q4.0 in 
organizations [14]

Identify, empirically, the main motivations, difficulties, and solutions 
that companies have encountered when implementing Q4.0 [5]

Identify the barriers that hinder the implementation of Lean Six Sigma 
using Q4.0 [15]

Analyze the influences of Q4.0 on organizational performance dimen-
sions (financial performance, customer value proposition, internal busi-
ness processes, environmental performance, and social performance)

[1]

Conduct empirical studies to identify the main motivations, difficulties, 
and solutions that companies from different sectors have when imple-
menting Q4.0

[2]

Analyze and measure economically the costs and investments required 
to implement Q4.0 [16]

Propose metrics to measure the impacts of Q4.0 on organizations [4]
Determine and analyze the different types of resources needed to imple-
ment Q4.0 in organizations [17]

Propose solutions to major Q4.0 barriers, such as data privacy [18]
Analyze and determine the impact of using different types of leadership 
on Q4.0 [19]

Ex
pa

ns
io

n 
of

  Q
4.

0

Develop instruments for assessing cultural readiness in the implementa-
tion of Q4.0 in small, medium, and large enterprises [6]

Map strategies for the development and maintenance of Q4.0 in organi-
zations from different countries [3]

Identify and analyze the success factors that contribute to the effective 
implementation of Q4.0 in organizations of different sizes and segments [20]

Propose metrics to assess the development of Q4.0 in companies and 
schools [21]

Propose solutions for small industrial companies to implement Q4.0 [22]
Identify and propose guidelines for the implementation of Q4.0 in 
project-based industries through empirical studies [23]

Propose guidelines for developing Q4.0 in industrial organizations [24]
Propose approaches for implementing Q4.0 in the service sector [25]
Identify how the I4.0 technologies can help the quality of food compa-
nies [26]

Create metrics to evaluate the implementation of Q4.0 in different orga-
nizational sectors [27]

Develop frameworks to assist in the implementation of Q4.0 in medici-
ne [28]

Develop frameworks and recommendations for companies to implement 
I4.0 concepts and technologies in process control [29]
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Cluster Scientific gaps Articles
Sk

ill
s a

nd
 C

om
pe

te
nc

ie
s 

fo
r Q

4.
0

Assess the influence of I4.0 technologies on the development and trai-
ning of employees in Q4.0 areas [30]

Map the main skills and competencies required for the successful imple-
mentation of Q4.0 by conducting empirical studies, such as case studies, 
surveys, and interviews

[31]

Map the skills and competencies required for the formation and training 
of professionals capable of operating in Q4.0 environments [32]

Map the skills and competencies needed from managers related to Q4.0 [33]

Em
pi

ric
al

 S
tu

di
es

 in
 Q

4.
0

Analyze, empirically, the influences of I4.0 technologies on the EFQM 
model [34]

Identify, empirically, the main motivations, difficulties, and solutions 
that companies have encountered when implementing Q4.0 [5]

Identify and propose guidelines for the implementation of Q4.0 in 
project-based industries through empirical studies [23]

Map the main skills and competencies required for the successful imple-
mentation of Q4.0 by conducting empirical studies, such as case studies, 
surveys, and interviews

[31]

Conduct empirical studies to identify the main motivations, difficulties, 
and solutions that companies from different sectors have when imple-
menting Q4.0

[2]

Q
4.

0 
an

d 
Q

ua
lit

y 
M

an
ag

e-
m

en
t S

ys
te

m

Create models and strategies to assist in the implementation of I4.0 
technologies in the quality management system [10]

Propose strategies to mitigate the risks that the I4.0 technologies can 
bring to the quality management system [8]

Analyze the impacts of Q4.0 and its relationship with ISO 9001 [35]
Create strategies to evaluate the quality management system of compa-
nies after the integration of I4.0 technologies [11]

Create metrics to evaluate the quality management system after the 
integration of I4.0 technologies [36]

In the cluster “Q4.0 Implementation”, it is suggested that further research be con-
ducted to support the implementation and development of Q4.0. This requires the 
creation and proposition of strategies, models, and tools that help organizations 
implement I4.0 principles and technologies in quality management [7, 10]. Also, 
[13] emphasize the importance of conducting studies that identify the relation-
ship between Q4.0 and sustainability and analyze the contributions of Q4.0 to 
sustainable development. 

In the cluster “Implications of Q4.0”, it is recommended to analyze the benefits 
and difficulties of Q4.0. It is important to identify and evaluate the human, fi-
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nancial, and material resources necessary for the development of Q4.0 [7, 17]. 
According to [16], it is necessary to measure the investments required and the 
returns that can be provided to the organizations that implement Q4.0 [14]. Fur-
thermore, future studies should propose solutions for the main challenges faced 
in the use of I4.0 technologies in quality management [5, 18].

In the cluster “Expansion of Q4.0”, it is proposed to conduct further research on 
the development of Q4.0 in organizations from different countries, sizes, and seg-
ments. Small and medium-sized enterprises need solutions for Q4.0 implementa-
tion that are appropriate to their realities and characteristics [6, 20, 22]. Also, it 
is recommended that Q4.0 continue to be applied and studied in areas beyond 
industrial organizations, such as in medicine [28] and education [21], as it can 
provide benefits and competitive advantages. 

In the cluster “Skills and Competencies for Q4.0”, it is recommended that work 
be conducted to develop the skills and competencies required for Q4.0. In the 
face of I4.0, new technologies are being implemented in organizations, thus in-
tensifying the need for increasingly skilled and qualified employees to work in 
this new scenario [30–32]. To this end, it is necessary to conduct further studies 
related to the theme, such as evaluating the influence of I4.0 technologies on the 
development and training of employees in areas related to Q4.0 [30] and mapping 
the skills and competencies required for the education and training of profession-
als capable of working in Q4.0 environments [32].

In the cluster “Empirical studies in Q4.0”, it is emphasized that after the analysis 
of the literature on the subject, it is then necessary to conduct practical studies 
(surveys, case studies, etc.) to understand the reality of companies facing Q4.0 
[31, 34]. In light of this, it is necessary to empirically analyze the influences of 
I4.0 technologies on the EFQM model [34]. Furthermore, future studies should 
empirically identify the main motivations, difficulties, and solutions that compa-
nies encountered when implementing Q4.0 [5, 25].

In the cluster “Q4.0 and Quality Management System”, it is recommended to 
conduct more research related to the implementation of I4.0 technologies in the 
quality management system to increase the competitiveness of the organization 
over its competitors. To this end, it is necessary to develop models and strategies 
to assist in the implementation of I4.0 technologies in the quality management 
system [10]. Other study opportunities are to propose strategies to mitigate the 
risks that I4.0 technologies can bring to the quality management system [8] and 
to analyze the impacts of Q4.0 and its relationship with ISO 9001 [35].
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4. Conclusion

Although Q4.0 is a recent topic and requires further study, many companies have 
developed strategies to implement it and excel in the global market. The objec-
tive of this work has been achieved through the identification and systematization 
of the key scientific gaps in Q4.0, which support the development of new studies 
in this research field. Therefore, the research question has been addressed, and 
the following are the key gaps that need to be addressed to contribute to the de-
velopment of Q4.0: Implementation of Q4.0, Implications of Q4.0, Expansion of 
Q4.0, Skills and Competencies for Q4.0, Empirical Studies in Q4.0, and Q4.0 and 
Quality Management System.

The main theoretical contribution of this work is the expansion and deepening of 
the theory on the impact of I4.0 technologies on quality management. This will 
serve as a foundation for the development of new studies on Q4.0. The main prac-
tical contribution is to increase customer satisfaction and the competitiveness of 
organizations by improving the quality of their processes, products, and services. 
To advance the understanding of Q4.0, it is recommended that future studies 
investigate and address the scientific gaps identified in this work, particularly 
through empirical studies which propose implementation guidelines tailored to 
enterprises across different sizes.

Acknowledgements

This study was financed in part by the Coordenação de Aperfeiçoamento de Pes-
soal de Nível Superior - Brasil (CAPES) - Finance Code 001.

References

1. 	 Antony J, Sony M, Furterer S, McDermott O, Pepper M (2022) Quality 4.0 
and its impact on organizational performance: an integrative viewpoint. TQM 
J 34:2069–2084. https://doi.org/10.1108/TQM-08-2021-0242

2. 	 Maganga DP, Taifa IWR (2023) Quality 4.0 conceptualisation: an emerging 
quality management concept for manufacturing industries. TQM J 35:389–
413. https://doi.org/10.1108/TQM-11-2021-0328

3. 	 Escobar CA, McGovern ME, Morales-Menendez R (2021) Quality 4.0: a re-
view of big data challenges in manufacturing. J Intell Manuf 32:2319–2334. 
https://doi.org/10.1007/s10845-021-01765-4

4. 	 Ranjith Kumar R, Ganesh LS, Rajendran C (2022) Quality 4.0 – a review of 

72  |  ICOTEM  2023  

ICOTEM_2023.indd   72 20/06/2024   15:14:01



and framework for quality management in the digital era. Int J Qual Reliab 
Manag 39:1385–1411. https://doi.org/10.1108/IJQRM-05-2021-0150

5. 	 Sony M, Antony J, Douglas JA, McDermott O (2021) Motivations, barriers 
and readiness factors for Quality 4.0 implementation: an exploratory study. 
TQM J 33:1502–1515. https://doi.org/10.1108/TQM-11-2020-0272

6. 	 Sony M, Antony J, Douglas JA (2020) Essential ingredients for the imple-
mentation of Quality 4.0. TQM J 32:779–793. https://doi.org/10.1108/TQM-
12-2019-0275

7. 	 Sader S, Husti I, Daroczi M (2022) A review of quality 4.0: definitions, fea-
tures, technologies, applications, and challenges. Total Qual Manag Bus Excell 
33:1164–1182. https://doi.org/10.1080/14783363.2021.1944082

8. 	 Dias AM, Carvalho AM, Sampaio P (2022) Quality 4.0: literature review 
analysis, definition and impacts of the digital transformation process on 
quality. Int J Qual Reliab Manag 39:1312–1335. https://doi.org/10.1108/
IJQRM-07-2021-0247

9. 	 Oliveira OJ, Silva FF da, Juliani F, Barbosa LCFM, Nunhes TV (2019) Bib-
liometric Method for Mapping the State-of-the-Art and Identifying Research 
Gaps and Trends in Literature: An Essential Instrument to Support the Devel-
opment of Scientific Projects. In: Intech. IntechOpen Limited, London, p 21

10. 	Zonnenshain A, Kenett RS (2020) Quality 4.0—the challenging future of 
quality engineering. Qual Eng 32:614–626. https://doi.org/10.1080/089821
12.2019.1706744

11. 	Sureshchandar GS (2023) Quality 4.0 – a measurement model using the con-
firmatory factor analysis (CFA) approach. Int J Qual Reliab Manag 40:280–
303. https://doi.org/10.1108/IJQRM-06-2021-0172

12. 	Singh J, Ahuja IPS, Singh H, Singh A (2022) Development and Implementa-
tion of Autonomous Quality Management System (AQMS) in an Automotive 
Manufacturing using Quality 4.0 Concept– A Case Study. Comput Ind Eng 
168:108121. https://doi.org/10.1016/j.cie.2022.108121

13. 	Nenadál J, Vykydal D, Halfarová P, Tylečková E (2022) Quality 4.0 Maturity 
Assessment in Light of the Current Situation in the Czech Republic. Sustain-
ability 14:7519. https://doi.org/10.3390/su14127519

14. 	Nenadál J (2020) The New EFQM Model: What is Really New and Could 
Be Considered as a Suitable Tool with Respect to Quality 4.0 Concept? Qual 
Innov Prosper 24:17. https://doi.org/10.12776/qip.v24i1.1415

ICOTEM 2023  |  73

ICOTEM_2023.indd   73 20/06/2024   15:14:01



15. 	Yadav N, Shankar R, Singh SP (2021) Critical success factors for lean six 
sigma in quality 4.0. Int J Qual Serv Sci 13:123–156. https://doi.org/10.1108/
IJQSS-06-2020-0099

16. 	Saihi A, Awad M, Ben-Daya M (2023) Quality 4.0: leveraging Industry 
4.0 technologies to improve quality management practices – a system-
atic review. Int J Qual Reliab Manag 40:628–650. https://doi.org/10.1108/
IJQRM-09-2021-0305

17. 	Efimova A, Briš P (2021) Quality 4.0 for Processes and Customers. Qual In-
nov Prosper 25:33–47. https://doi.org/10.12776/qip.v25i3.1609

18. 	Dror S (2022) QFD for selecting key success factors in the implementation of quality 
4.0. Qual Reliab Eng Int 38:3216–3232. https://doi.org/10.1002/qre.3138

19. 	Glogovac M, Ruso J, Arsić S, Rakić A, Milošević I (2022) Leadership for 
Quality 4.0 Improvement, Learning, and Innovation. Eng Manag J 1–17. htt-
ps://doi.org/10.1080/10429247.2022.2108668

20. 	Javaid M, Haleem A, Pratap Singh R, Suman R (2021) Significance of Qual-
ity 4.0 towards comprehensive enhancement in manufacturing sector. Sen-
sors Int 2:100109. https://doi.org/10.1016/j.sintl.2021.100109

21. 	Alzahrani B, Bahaitham H, Andejany M, Elshennawy A (2021) How Ready Is 
Higher Education for Quality 4.0 Transformation according to the LNS Research 
Framework? Sustainability 13:5169. https://doi.org/10.3390/su13095169

22. 	Ramezani J, Jassbi J (2020) Quality 4.0 in Action: Smart Hybrid Fault Diag-
nosis System in Plaster Production. Processes 8:634. https://doi.org/10.3390/
pr8060634

23. 	Emblemsvåg J (2020) On Quality 4.0 in project-based industries. TQM J 
32:725–739. https://doi.org/10.1108/TQM-12-2019-0295

24. 	Antony J, Sony M, McDermott O, Jayaraman R, Flynn D (2023) An explora-
tion of organizational readiness factors for Quality 4.0: an intercontinental 
study and future research directions. Int J Qual Reliab Manag 40:582–606. 
https://doi.org/10.1108/IJQRM-10-2021-0357

25. 	Maganga DP, Taifa IWR (2022) Quality 4.0 transition framework for Tan-
zanian manufacturing industries. TQM J. https://doi.org/10.1108/TQM-01-
2022-0036

26. 	Hassoun A, Jagtap S, Garcia-Garcia G, Trollman H, Pateiro M, Lorenzo JM, 
Trif M, Rusu AV, Aadil RM, Šimat V, Cropotova J, Câmara JS (2023) Food 
quality 4.0: From traditional approaches to digitalized automated analysis. J 

74  |  ICOTEM  2023  

ICOTEM_2023.indd   74 20/06/2024   15:14:01



Food Eng 337:111216. https://doi.org/10.1016/j.jfoodeng.2022.111216

27. 	Sureshchandar GS (2022) Quality 4.0 – understanding the criticality of the 
dimensions using the analytic hierarchy process (AHP) technique. Int J Qual 
Reliab Manag 39:1336–1367. https://doi.org/10.1108/IJQRM-06-2021-0159

28. 	Haleem A, Javaid M, Singh RP, Suman R (2021) Quality 4.0 technologies to 
enhance traditional Chinese medicine for overcoming healthcare challenges 
during COVID-19. Digit Chinese Med 4:71–80. https://doi.org/10.1016/j.dc-
med.2021.06.001

29. 	Escobar CA, Macias D, McGovern M, Hernandez-de-Menendez M, Morales-
Menendez R (2022) Quality 4.0 – an evolution of Six Sigma DMAIC. Int J 
Lean Six Sigma 13:1200–1238. https://doi.org/10.1108/IJLSS-05-2021-0091

30. 	Christou IT, Kefalakis N, Soldatos JK, Despotopoulou A-M (2022) End-
to-end industrial IoT platform for Quality 4.0 applications. Comput Ind 
137:103591. https://doi.org/10.1016/j.compind.2021.103591

31. 	Antony J, McDermott O, Sony M (2022) Quality 4.0 conceptualisation and 
theoretical understanding: a global exploratory qualitative study. TQM J 
34:1169–1188. https://doi.org/10.1108/TQM-07-2021-0215

32. 	Broday EE (2022) The evolution of quality: from inspection to quality 4.0. Int 
J Qual Serv Sci 14:368–382. https://doi.org/10.1108/IJQSS-09-2021-0121

33. 	Arsovski S (2019) SOCIAL ORIENTED QUALITY: FROM QUAL-
ITY 4.0 TOWARDS QUALITY 5.0. Proc Eng Sci 1:397–404. https://doi.
org/10.24874/PES01.02.037

34. 	Fonseca L, Amaral A, Oliveira J (2021) Quality 4.0: The EFQM 2020 Model 
and Industry 4.0 Relationships and Implications. Sustainability 13:3107. htt-
ps://doi.org/10.3390/su13063107

35. 	Chiarini A, Kumar M (2022) What is Quality 4.0? An exploratory sequential 
mixed methods study of Italian manufacturing companies. Int J Prod Res 
60:4890–4910. https://doi.org/10.1080/00207543.2021.1942285

36. 	Thekkoote R (2022) Enabler toward successful implementation of Quality 
4.0 in digital transformation era: a comprehensive review and future research 
agenda. Int J Qual Reliab Manag 39:1368–1384. https://doi.org/10.1108/
IJQRM-07-2021-0206

ICOTEM 2023  |  75

ICOTEM_2023.indd   75 20/06/2024   15:14:01


