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Abstract

Amid the accelerated digital transformation and with the growing demand for smart man-
ufacturing, the applications of the Internet of Things (IoT) and total quality management
(TQM) have attracted increasing attention. Using R for bibliometric analysis, we explored
research trends in IoT and TQM in terms of digital transformation and smart manufac-
turing. Data were gathered from the Web of Science from 1998 to 2025, with a total of
787 publications from 265 sources involving 2326 authors. A total of 31% of the authors
collaborated internationally, indicating global interest in this topic. The publications had
33.65 citations on average, totaling 33,599 citations. Wang L.H. and Tao F. were identified
as important authors. Keywords of “Industry 4.0”, “cyber-physical systems”, and “big
data” underscore the technological significance of IoT and TQM. Major journals such as
the Journal of Manufacturing Systems and IEEE Access had notable academic influence.
Co-citation analysis results revealed that IoT and TQM played a significant role in driv-
ing digital transformation and enhancing production efficiency, offering references for
enterprises in strategic planning for smart manufacturing.

Keywords: Internet of Things (IoT); total quality management; TQM; smart manufacturing;
digital transformation; Industry 4.0

1. Introduction

With the rapid advancement of Industry 4.0 and smart manufacturing, the Internet of
Things (IoT) and total quality management (TQM) play critical roles in achieving efficient,
flexible production processes. These technologies enhance production efficiency and quality
control and have attracted widespread academic and industry attention regarding research
trends, practical challenges, and future developments. Given the growing global empha-
sis on integrating IoT and TQM, we explored the related articles” impact on the related
research. We analyzed important journals, authors, and institutions that contributed to the
publication. Considering the current and future importance of technological innovation
and security issues, we also investigated the role of the articles in shaping future research
trends. Using bibliometric analysis and the Bibliometrix R-Tool (R 4.4.1), we retrieved
and analyzed data from the Web of Science to present the academic contributions and
developmental trajectory of this research domain.
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2. Literature Review
2.1. Relationship Between Industry 4.0 and Smart Manufacturing

Industry 4.0, initially introduced by the German government as a manufacturing
transformation strategy, promotes the digitalization and automation of industrial produc-
tion. Smart manufacturing is a practical model of Industry 4.0, emphasizing leveraging
IoT, artificial intelligence (Al), cloud computing, and similar technologies to enable in-
telligent control of production processes [1]. Smart manufacturing integrates advanced
technologies, such as IoT, Al big data analytics, and automation, to enhance production
efficiency, product quality, flexibility, and cost reduction to meet rapidly changing market
demands [2]. IoT, the foundation of Industry 4.0 technologies, connects various physical
objects through sensors, software, and other technologies to the internet, facilitating data
exchange and communication without direct human interaction. This enables improved
production efficiency, reduced downtime, and enhanced precision in quality control [3].

2.2. Fundamentals and Applications of TQM

TQM involves all members of an organization in continuously improving processes
and systems to meet or exceed customer needs and achieve long-term success. TQM
emphasizes management commitment, total employee involvement, process optimization,
continuous improvement, and customer orientation [4]. The integration of TQM and
Industry 4.0 technologies enables manufacturing companies to effectively identify and
eliminate quality issues, applying quality management theories and practices suitable for
various organizations [5].

2.3. Applications and Challenges of Integrating IoT and TQM

The combination of IoT and TQM is an effective approach to enhancing smart man-
ufacturing. IoT leverages real-time data and monitoring support, ensuring that quality
management implemented in the TQM framework is more comprehensive. However,
integrating IoT and TQM poses challenges, such as data privacy, resource utilization, and
organizational change, and highlights key factors and challenges that enterprises must
consider when integrating IoT with TQM [6]. Recently, the scientific community has
shown considerable interest in the combined use of IoT and TQM. Most studies focused
on Industry 4.0 applications across automotive, electronics, chemical manufacturing, and
many other sectors. Researchers commonly explore how IoT can enhance the efficiency of
quality control data collection and analysis and how IoT improves TQM issues in industrial
automation. This review summarizes the current global research status in the Industry 4.0
field and directions for future research [7].

3. Research Methodology

We used the Bibliometrix R-Tool to conduct a bibliometric analysis, quantitatively
analyzing publication trends, knowledge structures, and author collaborations [8]. The
Bibliometrix R-Tool, based on the R software (R 4.4.1) [9], provides flexible tools that
facilitate data processing, computation, and visualization [10] and integrates with other
software. Focusing on sources, authors, and documents, we assessed the impact of aca-
demic literature and collaboration networks. Data were retrieved from the Web of Science
database to select articles related to digital payment and filtering with keywords such as
“Internet of Things”, “Total Productive Management”, and “Total Quality Management”.
The key search criteria included the following: TI = (“IoT” OR “Internet of Things” OR
“Internet Plus”) AND TI = (“Total Productive Management” OR “TPM” OR “Total Quality
Management” OR “TQM” OR “Productive Maintenance”) AND TI = (“Digital Transfor-
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mation” OR “Digitization” OR “Digitalization” OR “Digital Innovation”) OR TI = (“Smart
Manufacturing”), covering 795 publications from 1998 to 2024.

We also used the Biblioshiny (R 4.4.1) package to conduct descriptive analysis and
a literature review and explore publication growth trends, collaboration networks, and
highly cited articles. Citation analysis was also used to determine the impact of publications
through citation frequency [11]; co-citation analysis to unveil knowledge structures and
thematic clusters [12]; bibliographic coupling to group papers based on shared references,
helping to uncover emerging topics [13]; co-word analysis to explore future research trends
through lexical connections [14]; and co-authorship analysis to identify author collaboration
networks, facilitating academic interaction and development within the field [15]. In line
with prior studies such as Cisneros et al. [16], who conducted a comprehensive bibliometric
analysis of family business succession by mapping authors” networks over time, our
approach highlights the value of network-based bibliometric techniques for uncovering
structural patterns and research dynamics in a given domain.

4. Research Results
4.1. Overview Analysis

A total of 795 documents across 267 sources, authored by 2349 individuals, and
containing 2155 unique keywords from 1998 to 2024 were selected as the bibliometric data.
A total of 60 authors independently contributed to these publications, with an international
co-authorship rate of 30.94% and 3.88 co-authors per document on average. The articles
were published 2.92 years ago on average, and each document was cited 33.74 times, with
an annual growth rate of 6.14%, indicating sustained growth of research volume over
time. A three-field map illustrates the connections and interactions among cited references,
authors, and keywords, not only outlining the structure of the academic community but
also revealing focal research topics and technological trends, such as “smart manufacturing”
and “digital twin” (Figure 1). The analysis results underscore the significance of global
academic collaboration and showcase the academic influence and activity.
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Figure 1. Overview analysis results.

4.2. Journal/Author Analysis

The “Journal Analysis” and “Author Analysis” charts show the most active journals
and authors in a research area. Journal of Manufacturing Systems had 50 publications,
highlighting its central role in the field of manufacturing systems. IEEE Access and Applied
Sciences-Basel published 27 and 26 articles, respectively, reflecting the significance of these
journals in advancing research in manufacturing and sustainable manufacturing engineer-
ing. Wang Lixing was the most productive author, with 22 publications, underscoring his
substantial contributions. Tao Feng and Ming Xi, each with 15 publications, demonstrated
their active research. Wu Ershi and Zhang Xueyong were also highly productive, indi-
cating their professional standing within this research domain. Using the charts, leading
researchers and collaborators were identified within the field (Figure 2).
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Figure 2. Journal source and author analysis results.

4.3. International and Domestic Citation Analysis

Prior influential studies have demonstrated the academic recognition of network-
based bibliometric methods in identifying key contributors and collaboration patterns.
For instance, Tao Feng’s 2018 article (Journal A) received around 786 citations, and Qi
Li’s work in IEEE Access garnered approximately 766 citations, reflecting strong global
academic impact [17,18]. Meanwhile, Kusiak A.’s 2018 article in International Journal of
Production Research achieved first-tier national ranking with 90 citations, underlining its
significance in the regional academic community [17]. These cases collectively underscore
the methodological relevance of author collaboration and knowledge-structure analysis
in bibliometric studies. These findings suggest how specific research works influence
academic and research trends across different regions (Figure 3).
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Figure 3. International citation analysis chart (left) and domestic citation analysis chart (right).

4.4. Network Analysis

The “Co-Word Analysis” network diagram illustrates the connection strengths and re-
lationships between keywords such as “framework”, “design”, and “model”. These terms,
frequently co-occurring in the articles, are essential to the network and linked to technolog-
ical keywords such as “Industry 4.0”, “big data”, and “Internet of Things”, emphasizing
the importance of integrating advanced technologies and data processing in modern in-

/a7 7

dustrial system design (Figure 4). “Optimization”, “cyber-physical systems”, and “future”
indicated the forward-looking nature of the research and a focus on system efficiency and
predictiveness. The “Co-Citation Analysis” network chart presented academic connections
between documents, with notable clusters centered on Kusiak A.’s article in 2018 and Tao
F’s articles in 2017 and 2018. The clusters demonstrated the academic prominence of these
publications and their frequent cross-referencing, outlining the structure of academic dialog
and research trends. Through the analyses, important concepts and the influence of key

articles were identified, showing knowledge flows.
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Figure 4. Co-word analysis diagram (left) and co-citation analysis diagram (right).

4.5. Word Cloud Analysis

The “Word Cloud Analysis” chart displayed common keywords in research. “Frame-
work”, “design”, “model”, and “Industry 4.0” were the important topics concerning the
implementation of Industry 4.0. “Cyber-physical systems”, “Internet of Things”, and “big
data” indicate trends in technological advancements and data analysis, which increasingly
impact modern manufacturing and management systems. Such results showed the primary

and future research areas (Figure 5).
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Figure 5. Word cloud analysis.

5. Conclusions

We explored the academic influence and knowledge structure of articles related to
IoT and TQM in Industry 4.0 and smart manufacturing using bibliometric analysis. The
results revealed a steady increase in the number of publications from 1998 to 2024, along
with a high level of international collaboration. The Journal of Manufacturing Systems and
IEEE Access, and authors including Wang Lixing and Tao Feng, showed the most signifi-
cant academic contributions. The results of co-word and co-citation analyses highlighted
research interest in smart manufacturing and digital transformation. Future research is
required to focus on the applications of IoT and TQM to improve production efficiency
and quality management, particularly in technological innovation and data security. Addi-
tionally, academia and industry need to strengthen collaboration to promote the practical
application and standardization of related technologies. The results can be used to address
operational challenges and advance the continuous development of smart manufacturing.
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