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ABSTRACT

The rapid advancement of technology, particularly the Internet of Things (IoT), has had a transformative impact on various industries,
including the textile sector. IoT facilitates real-time data collection, monitoring, analysis, and decision-making, thereby enhancing
efficiency, productivity, and resource sustainability. However, a comprehensive bibliometric study of IoT applications in the textile
industry has yet to be undertaken. To address this research gap, this study employs bibliometric methods using the Biblioshiny R
package and VOSviewer to examine research trends, key contributors, and emerging themes. By analyzing 177 relevant publications
from 2015 to 2025, the study identifies major research directions, influential authors, leading institutions, and evolving areas of
interest. The findings highlight a growing research focus on IoT-driven textile innovations, particularly the development of electronic
textiles (e-textiles), which integrate electronic components into wearable devices for human use. This positioning of e-textiles at the
forefront of smart wearable technology underscores their significance as a critical area of exploration within contemporary textile
engineering. Furthermore, China, the United States, and India emerge as the predominant contributors to this research domain. The
insights derived from this study offer valuable guidance for researchers, industry professionals, and policymakers, supporting future

advancements and innovations in IoT applications within the textile industry.
Keyword: Internet of Things (IoT); textile industry; bibliometric analysis; e-textiles; smart wearable technology.

INTRODUCTION

Textile  technology  has  undergone  significant
advancements over the years, evolving from traditional fabric
manufacturing to the development of smart and functional
textiles (1). The Internet of Things (IoT) is one of the most
cutting-edge developments of recent years, potentially
transforming traditional manufacturing processes (2). IoT,
which is defined by interconnected devices and systems,
enables real-time data collecting, analysis, and decision-
making, resulting in enhanced efficiency, productivity, and
sustainability. In the textile industry, IoT applications extend
from smart machinery and automated quality control to
electronic textiles (e-textiles) fabrics that integrate electronic
components such as  sensors, conductive fibers,
microcontrollers, and wireless communication modules (3).
This transition represents a paradigm shift in textile research,
where the focus has expanded beyond conventional material
properties to include intelligent, responsive functionalities.

Previous bibliometric studies on IoT in the textile sector
had primarily focused on spinning machines (4); on the other
hand, bibliometric analysis of Al applications in the textile
sector has been conducted by displaying the largest number of
articles (5), so there are still no comprehensive study has been
undertaken to map the research environment and identify
major trends, contributors, and emerging priority areas. As a
result, a thorough investigation is required to fill this gap.
Bibliometric analysis is a systematic approach to examining

academic literature, providing insights into the development
and progression of research within a specific field. This
method enables researchers to assess trends, identify key
contributions, and evaluate the impact of scholarly work over
time (6). Researchers may visualize and analyze enormous
collections of scientific articles by employing tools such as
Biblioshiny in R package (7,8) and VOSviewer (9),
uncovering patterns and insights that might otherwise go
undiscovered.

This paper aims to fill the gap by conducting a bibliometric
analysis of IoT applications in textile production using
dimension database (10), Biblioshiny, and VOSviewer to
analyze data. The study will explore the growth of research in
this area, identify influential authors and institutions, and
highlight key themes and trends. In light of these issues, the
study aims to address the following research questions (RQs):
(RQ 1) What are the publication trends in IoT applications in
textile production? (RQ 2) Who are the leading authors,
institutions, and countries in this domain? (RQ 3) What are the
emerging themes and future research directions?

By undertaking this research, the study aims to thoroughly
examine the present landscape of IoT applications in textile
industries, providing meaningful insights for academics,
industry experts, and policymakers. Ultimately, this
exploration will enhance the understanding of IoT's
transformative impact on the future of textiles and help steer
future research efforts in this rapidly evolving domain.
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LITERATURE REVIEW

The integration of the Internet of Things (IoT) in textile
production has introduced various innovative applications in
the form of control and monitoring systems (11). This
application utilizes interconnected devices such as sensors,
controllers, and actuators. Then, the results of this integration
provided convenience in analyzing data. One of the goals to be
achieved is to increase efficiency, reduce costs, and improve
the quality of the textile product itself (12). As IoT continues
to evolve, its application in textile production is expected to
drive further progress, strengthening its role as an important
driver of Industry 4.0 in the textile sector (13).

Furthermore, there are several approaches for mapping and
assessing earlier research results, including bibliometrics. A
bibliometric study has the nobility of being within reach of
students and researchers because of its methodology,
practicality, relevance, resource-saving, the potential to extend
to most of the scientific areas, multiple applications, and
favoring the fact of not committing ethical misconduct related
to research (14). The selection of journal databases in this
article was obtained from Dimensions, considering that the
Dimensions database has the most exhaustive journal
coverage, with 82.22% more journals than Web of Science
and 48.17% more journals than Scopus (15). As for analysis
purposes, this article uses a feature in the R package called
Biblioshiny and also combines with VOSviewer. A
combination of Biblioshiny and VOSviewer is intended to
provide powerful and complementary metadata visualization
and mapping (16,17).

MATERIALS AND METHODS

The data sources (materials) for this bibliometric study
were obtained from the Dimension database using the search
query "Internet of Things" OR "IoT" AND "textile industry"
with a publication period ranging from 2015 to 2025, with the
selected data criteria being articles and proceedings. The
search results are then saved in CSV, RIS, and XLS format.
Additionally, before importing the data into R Studio and
VOSviewer, a manual screening of titles was conducted using
Microsoft Excel to remove those unrelated to the query and
research questions. After completing this stage, the XLS data
is imported and analyzed using Biblioshiny in R Studio
version 4.4.2, while the CSV and RIS data are processed and
visualized using VOSviewer.

The subsequent step in the data processing phase involves
analyzing the data processed by Biblioshiny and VOSviewer
to identify publication trends, as well as key authors,
institutions, and countries. These tools work in tandem to
analyze and visualize data, including trend analysis and
thematic mapping. Finally, the Mendeley reference manager

organizes and manages citations from selected journals and
references pertinent to the topic and discussion.

RESULTS AND DISCUSSION

Publication Trend

To address and analyze RQ 1, which focuses on
identifying publication trends in IoT applications in textile
production, three types of analyses were conducted: annual
scientific production, keyword trend analysis, and most cited
documents. These analyses provide insights into the growth,
thematic focus, and impact of research in this field over time.
Based on the search results from the Dimensions database,
500 publications were retrieved using the keywords "Internet
of Things" OR "IoT" AND "textile industry." In the initial
stage, manual screening of titles and abstracts was conducted
in Microsoft Excel, during which data were excluded based on
criteria such as titles and topics captured by Dimensions that
did not align with the search keywords. This process resulted
in 287 documents deemed suitable for processing in R Studio.
Subsequently, a second phase of automatic re-screening was
performed, focusing only on paper and conference-type
publications with a publication range between 2015 and 2025.
This step yielded 177 documents that were ready for further
processing and analysis. The findings of the analysis can
initially be understood through the visualization presented in
Tablel, which includes the following data details:

Table 1. Overview of the Primary Information about the
Documents Analysed (table source: Biblioshiny).

Descriptions Results
Timespan 2015:2025
Sources (articles, proceedings) 177
Documents 287
Annual Growth Rate % 2.92
Average citations per doc 24.72
Author's Keywords (DE) 157
Authors 1173
Authors of single-authored docs 29
Co-Authors per Doc 4.57
International co-authorships % 20.91

Additionally, the publication trends from 2015 to 2025, based
on the top 10 rankings, are illustrated in Figure 1.
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Figure 2. Publication trend from 2015-2025 (image source:
Biblioshiny).

Figure 1 shows that of all the top ten publications, the
largest peak of 71 articles occurred in 2023, while the lowest
article occurred in 2015, with three articles. Following Figure
1, the publication trend demonstrates a steady rise from 2015
to 2023, with a minor decline observed in 2024, as the number
of articles decreased from 71 to 67, reflecting a 5.63% drop.
As for 2025, since the data was collected at the beginning of
the year (February 2025), the number of articles for the full
year cannot yet be determined. However, based on the overall
trend, the number of publications has consistently increased
year-on-year.

The next step in the analysis involves examining keyword
trends through co-occurrence analysis, which helps identify
the most frequently occurring and interconnected terms in the
research literature. This analysis provides insights into the
dominant themes and emerging topics within IoT applications
in textile production. Figure 2 depicts the popular associated
keywords used by researchers investigating this topic from the
database.

» . »
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Figure 2. The visualization data of co-occurrence analysis
(image source: Biblioshiny).

Based on Figure 2, the keywords humans, wearable
electronic devices, and textiles continue to show a strong
relationship and have been extensively discussed in
publications over the past decade. The keyword Internet of
Things directly linked to textiles appears less frequently.
However, this article provides research results on how IoT and
wearable devices have an increasing trend (18), indicating that
the development of IoT applications in the textile industry

remains an open and promising area with significant potential
for future growth and innovation.

To complete the findings other than keywords, Figure 3
provides a more detailed visualization of the trends in words
and phrases most frequently mentioned by researchers,
offering deeper insights into the recurring themes and focus
areas within the field of IoT applications in textile production.

momtormy IIIIVSIOI(l!lIc
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Figure 3. World Cloud, the most talked about word by
researchers (image source : biblioshiny).

From Figure 3, it is evident that the prominence of
keywords like "humans" and "wearable electronic devices" in
the word cloud highlights the growing integration of smart
textiles and wearable technology. This trend underscores the
increasing focus on the relationship between humans and
advanced wearable devices in this field. The integration of IoT
within textiles is predominantly centered on human use,
particularly in wearable electronic devices such as smart
clothing, fitness trackers, and healthcare monitoring garments
(19). Consequently, humans frequently appear as a key term in
related research (20).

Based on previous studies, wearable technology represents
one of the most significant applications of IoT in the textile
industry, encompassing innovations such as smart fabrics,
biosensors, and interactive clothing (21). This has resulted in
wearable electronic devices emerging as a dominant keyword
in bibliometric studies. Additionally, a substantial portion of
IoT-driven textile research is dedicated to monitoring
physiological parameters, including heart rate, body
temperature, respiration, and muscle activity. These
applications are particularly relevant in the healthcare sector,
where they support remote patient monitoring and chronic
disease management (22).

The increasing convergence of e-textiles with the Internet
of Things (IoT) is a key factor driving this transformation.
Researchers are developing wearable electronic systems
capable of real-time data collection, wireless communication,
and automated responses by embedding sensing, processing,
and connectivity features into textiles. This integration
positions e-textiles at the forefront of smart wearable
technology, making them a critical area of exploration within
modern textile engineering.

Leading Authors, Institutions, and Countries
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In this section, the results and discussion focus on
addressing RQ 2, which aims to identify the leading authors,
institutions, and countries in the domain of IoT applications in
textile production. This analysis highlights the key
contributors and their affiliations, providing insights into the
global distribution of research expertise and collaboration in
this field. Table 2 shows author distributions an overview of
the top ten most leading authors from 2015 to 2025 reveals the
key contributors who have significantly influenced research in
IoT applications in textile production. These authors are
identified based on their publication output, citation impact,
and overall contribution to advancing knowledge in this field
during the specified period.

Table 2. Overview of the top ten most leading author during
2015 and 2025 (table source : biblioshiny).

Authors  Articles Articles Fractionalized
Wang J 6 1.06
Zhang Y 6 0.87
Lee C 5 1.20
Park J 5 0.94
Wang Y 5 0.77
ChenJ 4 0.67
Chen X 4 0.73
Kumar A 4 0.76
LiX 4 1.26
LiuT 4 0.60
Wang X 4 0.71

Table 2 provides data on authors and their contributions to
academic articles, measured through two metrics: the total
number of articles authored and the fractionalized article
count. The fractionalized count adjusts for co-authorship by
distributing credit proportionally among collaborators. Key
insights from the data include:

e Wang J and Zhang Y lead in total publications with 6
articles each, but their fractionalized contributions
differ (1.06 and 0.87, respectively), reflecting varying
degrees of co-authorship involvement.

e Lee C has authored 5 articles and holds the highest
fractionalized  contribution  (1.20),  indicating
significant individual input.

e Li X also stands out with a fractionalized count of
1.26, despite having only 4 articles, suggesting a
strong influence as an author.

e  Other authors, such as Wang Y, Chen J, and Liu T,
exhibit lower fractionalized counts, pointing to a
higher reliance on co-authorship in their publications.

To identify the institutions with the highest number of
publications, the data is presented in TABLE 3. This table

provides a clear breakdown of the leading institutions
contributing to research in IoT applications in textile
production, ranked by their total publication output. This
analysis helps highlight the most active and influential
organizations in the field.

Table 3. Overview of the top ten most leading affiliation
during 2015 and 2025 (table source : biblioshiny).

Affiliation Articles
Department of Bioengineering, University of 16
California, Los Angeles, California, USA
School of Automation and Software Engineering, 10
Shanxi University, Taiyuan, China
Dalian Key Lab of Marine Micro/Nano Energy
and Self-Powered System, Marine Engineering 9
College, Dalian Maritime University, Dalian,
China.
Icar-National Institute of Natural Fibre 9
Engineering and Technology, Kolkata, India
Wuhan National Laboratory for Optoelectronics,
and School of Computer Science and 9

Technology, Huazhong University of Science and
Technology, Wuhan, China
Department Of Dermatology, Union Hospital,
Tongji Medical College, Huazhong University of 8
Science and Technology, Wuhan, China
Department Of Metallurgical And Materials

Engineering, Metu, Ankara, Tiirkiye 8
Key Laboratory of Bionic Engineering, Ministry 3
of Education, Jilin University, Changchun, China
Key Laboratory of Synthetic and Biological
Colloids, Ministry of Education, School of ]

Chemical and Material Engineering, Jiangnan
University, Wuxi, China

Table 3 offers an overview of the top ten leading
affiliations/institutions regarding research article contributions
between 2015 and 2025, based on data extracted from
Biblioshiny. Key Observations are the following:

e The Department of Bioengineering, University of
California, Los Angeles (UCLA), USA, tops the list
with 16 published articles.

e China dominates the list, with four institutions
featured:

o School of Automation and Software Engineering,
Shanxi University (10 articles)

o Dalian Maritime University (9 articles)

o Huazhong University of Science and Technology (9
articles)

o Jilin University (8 articles)
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e India and Tirkiye each have one institution in the top
10, reflecting their emerging contributions in their
respective research areas.

This data underscores the global nature of research
collaboration and highlights the significant role of Chinese
institutions in driving research productivity during this period.
Next, the analysis based on the distribution of countries is
illustrated in Figure 4.
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Figure 4. Distribution of articles by leading countries (image)
source: VOSviewer).

Figure 4 presents a collaboration network visualization of
countries involved in academic research. Key observations
include that China emerges as the most dominant participant,
indicated by the largest node size, reflecting its extensive
involvement and partnerships with other nations. The United
States and India also hold significant roles, as highlighted by
their prominent node sizes, demonstrating their notable
contributions to global research efforts. Asian countries, such
as Singapore, South Korea, Malaysia, and Taiwan, display
active regional collaboration, as evidenced by dense
connections with China and India. Meanwhile, European
nations, including Germany, Italy, the United Kingdom, and
France, form a tightly interconnected cluster, showcasing
robust intra-regional cooperation.

Figure 4 further reveals intercontinental collaborations,
with strong links connecting Asia, Europe, and North
America, underscoring the global nature of the research
network. Although represented by smaller nodes, Iran,
Canada, and Australia remain active contributors to
international partnerships. In summary, the visualization
highlights a thriving global research ecosystem, with China
serving as a central hub for fostering cross-border
collaborations across diverse regions.

Citation Analysis, Thematic Cluster, and
Future Directions

This section addresses RQ 3, which identifies emerging
themes and future research directions. The analysis is
organized into three primary categories: the most cited works
by country, thematic clusters, and potential direction for future
research.

The first category identifies countries with the highest
research impact based on citation counts, highlighting their
contributions to the global academic landscape. Figure 5
provides a citation analysis highlighting the highly cited
countries. This visualization showcases the countries with the
most significant research impact, measured by the total
number of citations, offering insights into their contributions
to global academic advancements.

® ©
®

o
o

Z Countries

N. of Citations

Figure 5. Citation Analysis based on highly cited countries.
(image source: Biblioshiny)

Following FIGURE 5, China dominates with the highest
number of citations (1.271), reflecting its significant
contributions to globally impactful research. The United States
follows closely with 1.136 citations, emphasizing its role as a
major research powerhouse. Australia ranks third with 533
citations, demonstrating its strong presence in the global
research community. India and Italy hold the fourth and fifth
positions, with 346 and 326 citations, respectively,
highlighting their growing influence. Countries like Brazil
(288 citations), the Czech Republic (261 citations), and South
Korea (250 citations) indicate substantial contributions,
particularly in niche areas. Greece (209 citations) and Portugal
(156 citations) round out the list, showcasing their engagement
in impactful research despite smaller research outputs.
Overall, the visualization highlights a global distribution of
research impact, with China and the United States leading
considerably, followed by other nations actively contributing
to the academic landscape.

Lastly, the second category focuses on emerging themes
and future research. By analyzing publication trends,
keywords, and citation data, it is clear that the rapid
convergence of textiles and electronics is driving the seamless
and extensive integration of sensors into fabrics, as well as
accelerating the development of conductive yarn (23). The
potential of smart fabrics will expand the uses and functions of
medical devices (24,25). Future research on smart textile
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