International Journal of Advances in Engineering Research http://www.ijaer.com

(IJAER) 2024, Vol. No. 28, Issue No. V, November e-ISSN: 2231-5152, p-ISSN: 2454-1796

Quality 4.0 as a Sociotechnical Transformation: Information
Systems Architecture, [oT-Enabled Monitoring, and Predictive
Analytics Integration in Industry 4.0 Quality Management
Environments

Mayank Gupta
Guru Gobind Singh Indraprastha University (GGSIPU), Delhi
Mabharaja Agrasen Institute of Technology (MAIT)

Received: 09/09/2024; Accepted: 23/10/2024; Published: 08/11/2024

Abstract

Information systems and digital technologies are reshaping quality management from a largely retrospective,
compliance-oriented function into a real-time, predictive, and organization-wide capability. Recent literature
increasingly describes this transition as Quality 4.0, where traditional quality principles such as standardization,
process control, continuous improvement, and customer focus are extended through data platforms, analytics,
connectivity, and automation. This paper examines how information systems and technologies support modern quality
management, with particular attention to manufacturing and other quality-assurance environments. It argues that the
real contribution of digitalization is not simply faster inspection or better reporting, but the creation of integrated
quality architectures that connect data capture, execution, analysis, and improvement. The paper reviews the main
technology layers involved, including digital quality management systems, manufacturing execution systems, IoT-
enabled monitoring, big-data analytics, machine learning, and platform-based decision support. It also discusses the
major organizational and technical barriers to adoption, including data quality, interoperability, workforce capability,
leadership alignment, and the risk of technology-led rather than quality-led implementation. The paper concludes that
information systems create the greatest value in quality management when they are treated as sociotechnical
infrastructures that align people, processes, and data rather than as isolated software tools.
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1. Introduction

Quality management has traditionally relied on documentation, standard operating procedures, statistical control,
audits, corrective actions, and continuous improvement routines. While these mechanisms remain essential, the digital
transformation of organizations has altered the speed, scale, and intelligence with which quality can be managed. The
literature now shows a clear shift from periodic control toward connected and data-driven quality management,
especially in Industry 4.0 settings. Rather than treating quality as an isolated department function, recent studies
present it as an integrated capability supported by digital infrastructures, analytics, and cross-functional information
flows [1], [2], [9].
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This shift matters because quality problems are rarely caused by one defective output alone. They are often the visible
result of fragmented information, delayed feedback, weak traceability, disconnected processes, and poor
organizational learning. Information systems reduce these problems by linking process data, product data, supplier
information, operator actions, and customer feedback into a more coherent quality architecture. In this sense, modern
quality management is increasingly an information problem as much as a process problem. The move toward digital
quality therefore reflects a broader transition from inspection-based control to data-enabled prevention, prediction,
and coordinated improvement [1], [3], [10].

2. From traditional quality management to Quality 4.0

A large share of recent research frames the digital evolution of quality under the concept of Quality 4.0. Although
definitions vary, the core idea is consistent: traditional quality management principles are combined with Industry 4.0
technologies such as IoT, cloud platforms, analytics, automation, and artificial intelligence to improve control,
learning, and responsiveness [2], [3], [9]. Review studies describe Quality 4.0 not as a replacement for TQM, but as
its extension into environments where decisions are increasingly supported by real-time, high-volume, and
interconnected data [2], [9].

This interpretation is important because it prevents a common mistake: assuming that quality becomes “digital”
merely by purchasing software. The literature instead emphasizes continuity between classical quality values and new
technological means. Leadership, customer orientation, process discipline, employee involvement, and continuous
improvement remain central. What changes is the operating model. Digital technologies make it possible to detect
deviations earlier, trace them more precisely, integrate quality data across functions, and support decisions with
predictive rather than purely descriptive evidence [5], [7], [9].

3. Information systems architecture for quality management

A useful way to understand information systems in quality management is to see them as a layered architecture. At
one level are quality administration systems that manage documents, audits, nonconformities, CAPA workflows,
change control, training records, and compliance evidence. At another level are operational execution systems,
especially manufacturing execution systems, which connect production events, process states, equipment signals, and
traceability data. Above these sit analytics and decision-support systems that identify patterns, diagnose causes, and
support improvement. Recent studies on MES and digital quality platforms show that value emerges when these layers
are connected rather than isolated [4], [10].

The review of intelligent manufacturing execution systems by Shojaeinasab et al. shows that MES is becoming a
central operational backbone in Industry 4.0 because it bridges shop-floor events and higher-level decision systems
[4]. Likewise, Filz et al. propose a digital platform for data-driven quality management in multi-stage manufacturing
that integrates IT concepts with modeling approaches to improve planning and operational quality decisions [10].
Together, these studies suggest that information systems in quality management are no longer just repositories of
records. They are becoming active coordination mechanisms that connect sensing, traceability, analysis, and
improvement across the process chain [4], [10].

This architecture also changes the temporal logic of quality management. Traditional systems often operate after the
fact: defects are recorded, reports are generated, and corrective actions are opened. Digital systems make it easier to
work earlier in the chain through event monitoring, real-time alerts, predictive signals, and feedback loops embedded
into production and service processes. As a result, quality management becomes less reactive and more anticipatory.
In practical terms, that means fewer defects escaping downstream and faster organizational learning when variation
begins to emerge [1], [4], [10].
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4. Key technologies enabling digital quality

Among the technologies most strongly associated with modern quality management are big-data analytics, IoT-
based sensing, machine learning, and cloud or platform-based integration. Escobar et al. argue that big data and
Al are central drivers of Quality 4.0, especially in manufacturing environments where sensor-rich processes produce
large data streams that can be used for diagnosis and prediction [3]. Carvalho et al. similarly link Quality 4.0 to
Industry 4.0 technologies that strengthen quality practices rather than merely digitize paperwork [2].

Big-data analytics expands quality management in at least three ways. First, it allows higher-resolution visibility into
variation by combining data from machines, products, operators, and environments. Second, it improves root-cause
analysis by revealing multivariate relationships that are difficult to detect with traditional tools alone. Third, it supports
predictive quality by identifying conditions associated with future defects or failures. Escobar et al. also note that such
advances bring major challenges around data management, which means that analytics value depends on governance
and data quality as much as algorithmic sophistication [3].

Machine learning pushes this logic further by enabling pattern recognition, anomaly detection, image-based defect
identification, and adaptive process optimization. Although the evidence base is still strongest in manufacturing,
recent reviews show that ML-based quality assurance is already moving from experimental work to more structured
industrial applications, especially in defect detection and process optimization contexts [10], [12]. Yet the literature
also warns that predictive tools are only as reliable as the data, labels, and process context behind them. A model that
detects abnormalities without supporting interpretable action can improve monitoring while still weakening actual
quality improvement [10], [12].

Cloud and platform approaches are equally important because most quality failures cross departmental and system
boundaries. Supplier data, equipment data, design changes, customer complaints, and internal audit findings often
reside in different systems. Platform-based quality architectures aim to overcome that fragmentation. Filz et al.’s
platform for multi-stage manufacturing is especially relevant because it demonstrates how integrated digital
infrastructures can support a more holistic understanding of process-product interactions instead of focusing only on
isolated process stages [10].

5. Human and organizational implications

A central finding across the recent literature is that digital quality management is not purely technical. It changes the
role of people, especially quality professionals. Martin et al. show that digitalization influences the work of quality
professionals and their practices, suggesting that the role is shifting from narrow inspection and compliance toward
facilitation, analytics, coordination, and strategic interpretation [8]. Elg et al. make a similar argument by identifying
new roles and challenges for quality management in digitalization initiatives [1].

This change requires a different workforce profile. Quality personnel increasingly need data literacy, systems
thinking, digital collaboration skills, and the ability to work across operations, IT, engineering, and management.
Jamkhaneh et al. emphasize a human-resource empowerment perspective, arguing that digital-era quality depends on
capabilities that enable people to use technology meaningfully rather than passively [5]. Antony et al. likewise identify
leadership, readiness, and skill-related factors as critical to successful Quality 4.0 adoption [7]. In other words, digital
quality is not simply a matter of installing tools. It requires new forms of professional judgment and organizational
learning [5], [7], [8].

6. Challenges and limitations

Despite strong potential, the literature is equally clear that implementing digital technologies in quality management
is difficult. One major challenge is data quality itself. Predictive and automated systems depend on complete, reliable,
timely, and interoperable data, but many organizations still work with fragmented legacy systems and inconsistent
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data definitions [3], [10], [11]. A second challenge is integration. MES, enterprise platforms, and quality applications
often evolve separately, making end-to-end traceability hard to achieve [4], [10].

A third challenge is organizational readiness. Zulqarnain et al. propose a Quality 4.0 implementation framework
and maturity assessment for industries in developing countries, underscoring that adoption levels vary widely and that
organizations need staged capability development rather than abrupt transformation [6]. Antony et al. and Fadilasari
et al. further show that barriers include leadership gaps, weak strategic alignment, insufficient skills, cultural
resistance, and uncertainty about where to start [7], [12]. Ntobongwana and Telukdarie’s review is helpful here
because it identifies multiple enabling elements, including digital strategy, leadership commitment, skills and
competencies, training, stakeholder management, process management, and big data management [11].

There is also a conceptual risk in Quality 4.0 discourse: the tendency to let technology dominate quality thinking.
When organizations focus on dashboards, automation, or Al without preserving customer logic, process discipline,
and improvement culture, digitalization can become superficial. The literature repeatedly warns that Quality 4.0
should remain anchored in the principles of prevention, value creation, and systemic learning, not just in tool adoption

(11, [71, [9].
7. A practical framework for implementation

Based on the literature reviewed, a practical implementation logic for information systems and technologies in quality
management can be summarized in five stages. First, organizations should standardize and digitize core quality
processes such as document control, nonconformance handling, CAPA, and audit trails. Second, they should connect
these systems to operational data sources such as MES, sensors, and traceability records. Third, they should build
analytics capabilities for diagnosis and prediction. Fourth, they should redesign roles, skills, and governance so that
data-driven insights lead to action. Fifth, they should assess maturity continuously and expand only where digital
tools clearly strengthen quality outcomes. This staged view is consistent with the maturity and transition logic
proposed in recent Quality 4.0 studies [6], [9], [10], [11].

The value of this approach is that it keeps information systems subordinate to quality goals. The best digital quality
systems do not merely automate existing paperwork. They create better traceability, faster feedback, stronger
prevention, and more informed improvement decisions. When information systems are aligned with these purposes,
they help organizations move from fragmented control to integrated quality intelligence [1], [3], [10].

8. Conclusion

Information systems and technologies have become foundational to contemporary quality management. Recent
research shows that digital quality is best understood not as a software upgrade but as a transformation in how
organizations sense, interpret, and improve quality performance. Systems such as MES, digital quality platforms,
analytics environments, and connected monitoring infrastructures make quality more timely, traceable, predictive,
and cross-functional. At the same time, the literature is clear that technology alone does not guarantee better quality.
Benefits depend on integration, high-quality data, workforce capability, leadership commitment, and continuity with
the core principles of quality management [1], [4], [7], [10].

The most persuasive conclusion from 2016-2026 scholarship is that the future of quality management is
sociotechnical. Information systems matter because they structure visibility, coordination, and learning. Technologies
matter because they extend what quality systems can detect and predict. But sustainable performance improvement
occurs only when digital tools are embedded in disciplined processes and supported by people capable of translating
information into better decisions. In that sense, information systems are no longer peripheral supports to quality
management. They are increasingly part of its operating core [5], [8], [9], [11].

13

INTERNATIONAL JOURNAL OF ADVANCES IN ENGINEERING RESEARCH



International Journal of Advances in Engineering Research http://www.ijaer.com
(IJAER) 2024, Vol. No. 28, Issue No. V, November e-ISSN: 2231-5152, p-ISSN: 2454-1796

References

Antony, J., McDermott, O., Sony, M., Toner, A. P., et al. (2023). Benefits, challenges, critical success factors and
motivations of Quality 4.0: A qualitative global study. Total Quality Management & Business Excellence, 34(7-8),
827-846. https://doi.org/10.1080/14783363.2022.2113737

Balouei Jamkhaneh, H., Shahin, A., Parkouhi, S. V., & Shahin, R. (2022). The new concept of quality in the digital
era: A human resource empowerment perspective. The TOM Journal, 34(1), 125—144. https://doi.org/10.1108/TQM-
01-2021-0030

Carvalho, A. V., Enrique, D. V., Chouchene, A., & Charrua-Santos, F. (2021). Quality 4.0: An overview. Procedia
Computer Science, 181, 341-346. https://doi.org/10.1016/j.procs.2021.01.176

Elg, M., Birch-Jensen, A., Gremyr, I., Martin, J., & Melin, U. (2021). Digitalisation and quality management:
Problems and prospects. Production Planning & Control, 32(12), 990-1003.
https://doi.org/10.1080/09537287.2020.1780509

Escobar, C. A., McGovern, M. E., & Morales-Menendez, R. (2021). Quality 4.0: A review of big data challenges in
manufacturing. Journal of Intelligent Manufacturing, 32, 2319-2334. https://doi.org/10.1007/s10845-021-01765-4

Fadilasari, D. P., Ghatak, R. R., Garza-Reyes, J. A., Joshi, R., & Kandasamy, J. (2024). Adopting quality management
practices in the Industry 4.0 era: An investigation into the challenges. Total Quality Management & Business
Excellence, 35(9—10). https://doi.org/10.1080/14783363.2024.2354840

Filz, M.-A., Bosse, J. P., & Herrmann, C. (2024). Digitalization platform for data-driven quality management in multi-
stage manufacturing systems. Journal of Intelligent Manufacturing, 35, 2699-2718. https://doi.org/10.1007/s10845-
023-02162-9

Liu, H.-C,, Liu, R., Gu, X., & Yang, M. (2023). From total quality management to Quality 4.0: A systematic literature
review and future research agenda. Frontiers of Engineering Management, 10(2), 191-205.
https://doi.org/10.1007/s42524-022-0243-7

Martin, J., Dang, Q. H., & Gremyr, 1. (2023). The influence of digitalisation on the role of quality professionals and
their practices. Cogent Business & Management, 10(1), 2164162. https://doi.org/10.1080/23311975.2022.2164162

Ntobongwana, L., & Telukdarie, A. (2024). A critical review of global best practices elements in digital technologies:
Advancing a theoretical architecture for quality engineering. Journal of Industrial Information Integration, 41,
100665. https://doi.org/10.1016/1.jii.2024.100665

Shojaeinasab, A., Charter, T., Jalayer, M., Khadivi, M., Ogunfowora, O., Raiyani, N., Yaghoubi, M., & Najjaran, H.
(2022). Intelligent manufacturing execution systems: A systematic review. Journal of Manufacturing Systems, 62,
503-522. https://doi.org/10.1016/j.jmsy.2022.01.004

Zulgarnain, A., Wasif, M., & Igbal, S. A. (2022). Developing a Quality 4.0 implementation framework and evaluating
the maturity levels of industries in developing countries. Sustainability,  14(18), 11298.
https://doi.org/10.3390/sul141811298

14

INTERNATIONAL JOURNAL OF ADVANCES IN ENGINEERING RESEARCH


https://doi.org/10.1016/j.procs.2021.01.176
https://doi.org/10.1007/s10845-021-01765-4
https://doi.org/10.1007/s10845-023-02162-9
https://doi.org/10.1007/s10845-023-02162-9
https://doi.org/10.1007/s42524-022-0243-z
https://doi.org/10.1016/j.jii.2024.100665
https://doi.org/10.1016/j.jmsy.2022.01.004

