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Abstract

This study aims to verify the development of industrial engineering in industrial
product design research by implementing the bibliometric approach to
computational mapping analysis using VOSviewer. The article data was obtained
from Google Scholar using the publish or perish reference manager application.
The title and abstract article guide the search process by referring to the keyword
“Industrial Engineering in Industrial Product Design.” In the range of time 10
years (2012-2022), 850 articles were found showing that Industrial Engineering
in Industrial Product Design research could be divided into five keywords:
strategy, service, product, industrial engineering, and decision. There are 30 links
related to the term “strategy,” with a total link strength of 57. While the term
“service” has 36 links. The third term, “product”, has 54 links with a total link
strength of 116. The next term, “industrial engineering”, has 37 links with a total
link strength of 116. The last term, “decision”, has 32 links. The analysis result
related to the development of Industrial Engineering in Industrial Product Design
research in 10 years shows a fluctuation. In 2013, the number of the study was
117 indicating the highest number of published articles related to the topic area
in the last 10 years. However, after 2013 there was a decrease from 117 to 83
(2014) and an increase from 2015 to 2017. The fluctuations in research occurred
from 2017 to 2020. It is followed by the decreasing number of research occurring
continuously from 2020 to 2022. The number of articles on this industrial
engineering and related problems is tested using VOSviewer. The study can be
the initial research step related to the other subject.

Keywords: Bibliometric, Computational mapping analysis, Industrial engineering
in industrial product design, VOSviewer.
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1. Introduction

Along with the times, the revolution industry has shaped the development of
industrial engineering and industrial product design [1, 2]. The revolution industry
started from the 18th century to the 21st century, from the revolution industry 1.0
to 4.0. Each of the revolution industries shifted the perspective of production in
industrial manufacturing [3]. Industrial engineering and product design have
become significant needs for businesses to optimize their manufacturing production
capacity and increase their value to move forward in the future. The field of
industrial product design has a parallel development with industrial engineering to
solve problems and build a better life [4, 5].

Industrial product design combines science and design to implement principles
of product design and industrial engineering in a product. Industrial engineering
consists of the manufacturing process, supply chain management, inventory
management, and production process. Industrial product design focuses on
optimized production by researching customers and developing the product through
design thinking. Both industrial engineering and industrial product design
contributed to developing efficient process manufacturing.

In the Industrial Revolution 4.0, manufacturing is expected to integrate with
technology to fulfill human needs and consider the environmental impact [6, 7]. The
United Nations stated sustainable development goals (SDGs) number nine goal:
building resilient infrastructure, promoting sustainable industrialization, and fostering
innovation [8]. However, Industrial Revolution 4.0 affected the development of
industrial engineering and industrial product design research. However, in the field of
research, it is still uncertain whether the relationship between industrial engineering in
industrial product design is still in great demand and closely related [9].

Bibliometric analysis is a form of meta-analysis of research data research that
can assist researchers in studying bibliographics and analysis of the number of
citations in journals. Table 1 shows current studies regarding bibliometric analysis.
Bibliometric analysis is used to make decisions about continuing or stopping
research in the future. By analyzing using bibliometric as the analysis technique,
the development of research in industrial engineering in industrial product design
can be determined, while there has not been much discussion about this matter.

This paper used bibliometric analysis to decide the research development in
industrial engineering in industrial product design. This analysis is a meta-analysis
form in which the source of information is based on research data. However,
research on computational mapping of bibliometric analysis of published data in
the field of industrial engineering in industrial product design which has been
carried out specifically to determine the development of the research has not been
carried out, especially for research in the last 10 years in the period 2012 to 2022
through the VOSviewer software.

2.Theoretical Framework

The multidisciplinary field of industrial product design is dedicated to the design and
development of items meant for mass production [30]. That is the main reason for the
need in giving innovation from education level [31]. Industrial product design includes
every step of the product design process, from the first concept to the finished
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manufactured good. The goals of industrial product designers are to maximize each
design’s usefulness, appearance, functionality, and manufacturing feasibility.

Table 1. Prior bibliometric analysis research.

No. Topic Discussion Ref.
1 This work presents the development of dental aerosol suction using VOSViewer [10]
and the dissemination of bibliometrics maps.
2 This study looks at how research has changed over the Covid-19 era using [11]
bibliometric methodology.
3 The literature review for this study discusses the benefits and drawbacks of [12]
using pure biodiesel on engine performance.
4 This study discusses the current state and future directions of bioenergy [13]
management research.
5 This study investigated the dissolution of empty palm oil fruit bunches using [14]
benzotriazole ionic salt solutions and VVOSviewer, a tool for bibliometric analysis.
6 Information regarding decision-making is covered in this study. [15]
7 This study covers the analysis of science and its integration. This paper also did [16]
mapping analysis using the VOSviewer application.
8 This study discusses the usage of VOSviewer in conjunction with mapping analysis. [17]
9 The expansion of geotechnical engineering research was investigated in this [18]
work using VOSviewer and bibliometric distribution maps.
10 This paper describes recent developments in engineering research and scientific education. [19]
11 This study investigates the "Special Needs of Chemical Engineering" by [20]
combining mapping analysis and the VOSviewer tool.
12 The present directions in materials research are discussed in this paper. [21]
13 This study uses data from Scopus-indexed article databases to investigate the [22]
evolution of bibliometric analysis research in the domains of science and Islam.
14 This study uses bibliometric analysis to examine how resin matrix composition [23]
affects brake pad performance.
15 This article examines the trends in briquette research during the COVID-19 epidemic. [24]
16 VOSviewer is utilized in this study’s Publish or Perish program to evaluate bibliometrics. [25]
17 This paper explains the current nanotechnology on animal science [26]
18 This paper describes research on how particle technology involve in realistic [27]
life, incuding its impacts on computational fluid dynamics.
19 This paper describes how to improve students’ understading during practicum [28]
based on bibliometric analysis
20 This paper describes how to improve students’ understading in engineering [29]

based on bibliometric analysis

For things to be both aesthetically pleasing and commercially viable, in addition
to being useful and practical, industrial product design is crucial. It calls for a blend
of technical know-how, innovative problem-solving, and comprehension of user
requirements and corporate objectives. The goods people use daily — from furniture
and vehicles to consumer gadgets — are greatly influenced by the work of industrial
designers [32].

A few significant trends and issues, including digitalization and technology,
sustainability and environmental concerns, user-centered design, customization, and
personalization, prompted changes in industrial product design. Given the rate at which
technology is developing as well as the shifting needs of markets and consumers,
industrial product design has kept up with these and other innovations [33].

In a variety of ways, industrial product design has made substantial research
contributions. However, the development and enhancement of goods for both
consumer and commercial usage is its main priority. Industrial product design
drives innovation informs multiple scientific fields, and aids in the creation of long-
lasting, user-centered solutions, all of which have a substantial influence on
research. Its multidisciplinary approach and emphasis on producing tangible,
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valuable products make it an essential asset for research and development across a
range of disciplines. Indeed, this should be started from educational level [34, 35].

Industrial engineering and industrial product design are closely connected
disciplines that frequently work together to develop and optimize systems and
products for effective use and manufacturing. Despite having different interests and
areas of expertise, their working relationships are complementary, and they
frequently collaborate to produce and create goods that yield the best outcomes.
The main goals of industrial product design are a product’s usefulness, appearance,
and user experience. Designers work hard to produce goods that satisfy customer
demands and preferences while also being aesthetically pleasing and easy to use.
Conversely, industrial engineering is concerned with the effectiveness and
systemization of manufacturing operations [36].

The goals of industrial engineers’ work are to increase overall operational
efficiency, decrease waste, and improve production techniques. To balance form
and function, industrial engineers and designers frequently work together on
projects. The first product concept may be developed by the industrial designer,
and the industrial engineer may work to guarantee that the product can be produced
effectively and economically. Working together is essential to manufacturing
products that are both aesthetically pleasing and economically viable. While
industrial engineers concentrate on the effective and economical production of
those products, industrial designers concentrate on producing visually appealing
and user-friendly goods. To create successful, marketable products that satisfy
manufacturing and design requirements, their cooperation is crucial [37].

3. Method

The articles used as the data in this study were taken based on research published
in Google Scholar. The Google Scholar indexed publication was used because it is
an open-source platform which makes it easier to obtain the data from this source.
To obtain the data from Google Scholar, this study used a reference manager
application namely Publish or Perish.

This software was used to conduct a literature review on the chosen theme or
topic. Therefore, a database of similar research topics was obtained by using this
software. This software also showed the citation of every article related to the study,
the year of publication, and the bibliometric record of each article related to the
topic. Detailed information regarding the use of bibliometric is explained in
previous studies [38].

This research was carried out through several steps of the process:

(i) Publication collection process using Publish or Perish software,

(i)  Processing the bibliometric data for the obtained publication using Microsoft Excel,

(iii) Computational mapping analysis of bibliometric publication data using
VOSviewer software, and

(iv) Computational mapping analysis result.

The publication data searched on Publish or Perish software was filtered using
the keywords “industrial engineering” and “industrial product design”. The year of
publication was also filtered between the years of 2012 and 2022. The process of
obtaining the data was conducted in September 2022. The result of the data
collection was then exported into two different file formats which are research
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information system (.ris) and comma-separated value (.csv). Comma-separated
values file format then were opened in Microsoft Excel software to categorize the
20 most cited articles related to the topic of this study. VOSviewer was employed
to create 3 variations of mapping publications using the research information
system file format gathered from Publish or Perish software. These 3 variations
were network visualization, density visualization, and overlay visualization.

4. Results and Discussion
4.1.Publication data search results

Based on the data search results through the publish or perish reference manager
application sourced from the Google Scholar database, 850 articles data met the
research criteria. The application generated data in the form of article metadata
consisting of the author's name, title, year, journal name, publisher, number of
citations, article links, and related URLs. The data of published articles were
overviewed using the VOSviewer analysis. The data samples taken were 20 articles
with the highest number of citations as shown in Table 2. The number of citations
from all articles used in this study is 135111, the number of citations per year is
13511.10, the number of citations per article is 158.95 with the average author of the
articles used is 3.08. All articles have an average h-index of 143 and a g-index of 343.

Table 2. Top papers on Industrial Engineering in Industrial Product Design.

No. Authors Title Year  Cites
1 Lasi et al. Industry 4.0 2014 4167
2 Lu Industry 4.0: A survey on

technologies, applications and open 2017 2604
research issues

3 Berman 3-D printing: The new industrial
revolution

4 Bocken et al. Product design and business model
strategies for a circular economy

5 Brettel et al. How virtualization, decentralization
and network building change the
manufacturing landscape: An
Industry 4.0 Perspective

6 Tao et al. Digital twin-driven product design, 2018 1692
manufacturing and service with big data

7 Vaidya et al. Industry 4.0-a glimpse 2018 1287

8 Zhou et al. Industry 4.0: Towards future industrial 2015 1252
opportunities and challenges

9 Dalenogare et al. The expected contribution of 2018 1245
Industry 4.0 technologies for
industrial performance

10 Qinetal. A categorical framework of 2016 1221
manufacturing for industry 4.0 and
beyond

2012 2565

2016 2414

2014 2137

4.2.Research development in the field of industrial engineering in
industrial product design

The development of research in the field of Industrial Engineering in Industrial
Product Design published in journals indexed by Google Scholar is shown in Table
2. The data listed in the following table shows the total research in the field of
Industrial Engineering in Industrial Product Design, namely 850 articles in 10 years
with an average of 85 articles. In 2012 there were 87 articles. The year 2013 was
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the period when the number of articles published was the highest for the last 10
years, which was 117 articles. In 2014 there were 83 articles. In 2015 there were
85 articles. In 2016 there were 91 articles. In 2017 there were 99 articles. In 2018
there were 90 articles. In 2019 there were 91 articles. In 2020 there were 67 articles.
In 2021 there are 24 articles. In 2022 there are 16 articles. The number of
publications as shown in Table 3 experience an increasing research interest in 2015
to 2017. However, the popularity only lasts until 2019 and the interest in this
research topic keeps decreasing until 2022.

Table 3. Development of industrial engineering in industrial product design.

No. Year of Publications Number of Publications
1 2012 87
2 2013 117
3 2014 83
4 2015 85
5 2016 91
6 2017 99
7 2018 90
8 2019 91
9 2020 67
10 2021 24
11 2022 16

Total 850
Average 85

Figure 1 shows data in 2013. The number of research was 117 representing the
highest number of published articles related to industrial engineering in product
design topics in the last 10 years. However, after 2013 there was a decrease from
117 to 83 (2014). Then, the research was continuously increasing from 2015 to
2017. The fluctuations of research occurred from 2017 to 2020 respectively,
namely 99, 90, 91, and 67. This is followed by the decrease in the number of
research occurring continuously from 2020 to 2022.

2012 2013 2014 2015 2016 2017 2018 2018 2020 2021 2022
YEAR

Fig. 1. Level of development in industrial
engineering in industrial product design research.

4.3.Visualization of industrial engineering in industrial product
design topic area using VOSviewer

Computational mapping was carried out on article data using VOSviewer. Based
on the results of this mapping, 54 items were found, where each item related to
industrial engineering in industrial product design in the mapping was classified
into 5 clusters, namely:
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(i) Cluster 1 marked in red has 16 items, namely algorithm, decision, effect, factor,
number, optimization, order, parameter, performance, product, product quality,
quality, reliability, time, uncertainty, and work.

(ii) Cluster 2 marked in green has 15 items, namely big data, challenge, data, digital
twin, industrial application, industrial internet, industrial practice, industrial
product, industrial product service, literature, literature review, service,
solution, state, and survey.

(iii) Cluster 3 marked in blue has 14 items, namely aspect, circular economy,
implementation, industrial design, manufacturer, new products, new product
development, product design process, product development, resource, section,
strategy, use, and virtual reality.

(iv) Cluster 4 marked in yellow has 7 items, namely future, importance, industrial
engineering, industrial revolution, management, process design, and systematic
literature review.

(v) Cluster 5 marked in purple has 2 items, namely customers and raw materials.

The visualization of the keywords analysis mapping was carried out using
network visualization (as shown in Fig. 2), density visualization (as shown in Fig.
3), and overlay visualization (as shown in Fig. 4). Each term is labeled as a circle
and corresponds to the cluster indicated by a certain color. The larger the
occurrence of a term, the larger the diameter of the circle. The strength of the
connectedness of terms is indicated by the distance between one term and the other,
the closer they are, the stronger the relationship. The strength of the co-citation
relationship is indicated by the lines on the network visualization.

In the network visualization (as shown in Fig. 2), the relationship between one
term and another is shown in each cluster. Figure 2 shows clusters that are
frequently researched and related to the field of industrial engineering in industrial
product design. Based on the existing clusters in the network visualization, research
in the field of industrial engineering in industrial product design can be divided into
3 fields, namely product, industrial engineering, and service. The first term,
product, is part of cluster 1 with 51 total links, 321 total link strength, and 246
occurrences (as shown in Fig. 5). The next term, service, is part of cluster 2 with
36 total links, 85 total link strengths, and 40 occurrences (as shown in Fig. 6). The
term “industrial engineering” is the third term in cluster 4 with 35 total links, 109
total link strength, and 101 occurrences (as shown in Fig. 7).
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Fig. 3. Density visualization of industrial
engineering in industrial product design.
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Fig. 7. Network visualization of an industrial engineering term.

Density visualization (as shown in Fig. 3) represents the frequency of use of
certain terms in a research. The use of the color and size of the diameter of the circle
on the term label indicates how often the term occurs. The larger the diameter, the
brighter the yellow color of the term, the more often the term is used in research.
On the other hand, the dimmer and the smaller the diameter, the less often the term
is used in research. Figure 3 shows research related to the terms product, industrial
engineering, and management.

The research related to the term industrial engineering in industrial product
design is mapped through the overlay visualization (as shown in Fig. 4) to get an
idea of the novelty of the related topic. This visualization represents the popularity
of research on industrial engineering in industrial product design where on average
from 2015 to 2016 many articles were published using the keywords product,
industrial engineering, strategy, and service. Therefore, new research on the topic
area of industrial engineering in industrial product design can be created.

Figure 5 presents the network of product keyword relations with other terms,
namely quality, uncertainty, reliability, parameter, effect, decision, optimization,
factor, performance, number, time, algorithm, order, aspect, use, work, customer,
virtual reality, new product, new product development, resource, industrial
revolution, industrial product, industrial engineering, management, industrial
application, industrial internet, industrial practice, big data, strategy, future,
implementation, and raw material. In addition, the network visualization of service
terms (as presented in Fig. 6) shows the relations with other terms including state,
literature review, industrial product service system, industrial product, data,
solution, challenge, big data, industrial internet, digital twin, management,
industrial engineering, systematic literature, strategy, section, use, product, and
decision. The network that shows the relations between industrial engineering
terms with other keywords (as presented in Fig. 7) including number, process
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design, management, challenge, strategy, resource, industrial revolution, industrial
application, system, digital twin, performance, optimization, product quality,
reliability, aspect, quality, algorithm, customer, circular economy, survey, work,
product development, decision, time, and performance.

As presented by these data, it can be seen that industrial engineering in
industrial product design is closely related to other terms. The mapping results state
that industrial engineering in industrial product design has 560 links and is
connected to 54 terms with a total link strength of 1176. The relationship between
product, service, and industrial engineering keywords with other terms (as shown
in Figs. 5, 6, and 7) where each related term is equally related to the three keywords.
This shows that the three of them have a very close relationship.

5.Conclusion

This study aims to examine the development of industrial engineering in industrial
product design research by implementing the bibliometric approach to
computational mapping analysis using VOSviewer. Google Scholar is used as the
source of obtaining the article data by implementing the publish or perish reference
manager application. In guiding the search process, the title and abstract are used
by referring to the keyword “Industrial Engineering in Industrial Product Design”.
There were 850 relevant articles found in the range of time 10 years (2012-2022).
The result of the study represents that the Industrial Engineering in Industrial
Product Design research can be divided into five keywords: strategy, service,
product, industrial engineering, and decision. Based on the result of an analysis
performed related to the development of Industrial Engineering in Industrial
Product Design research in 10 years shows a fluctuation. In 2013, the number of
research was 117 showing the highest number of published articles related to
industrial engineering in product design topics in the last 10 years. However, after
2013 there was a decrease from 117 to 83 in 2014. Then, the research was
continuously increasing from 2015 to 2017. The fluctuations of research occurred
from 2017 to 2020 respectively, namely 99, 90, 91, and 67. It is followed by the
decreasing number of research occurring continuously from 2020 to 2022. Thus,
the results of this study signify that research on industrial engineering in industrial
product design has a high enough opportunity and is closely related to other terms.
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