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This study presents a bibliometric analysis of Digital Engineering (DE),
an emerging interdisciplinary field at the intersection of engineering,
computer science, and digital technologies. By analyzing data from
major academic databases such as Scopus and Web of Science, the
study investigates the trends, influential contributors, and key research
themes shaping the field. The analysis reveals a significant rise in DE
research, particularly in areas like artificial intelligence (AI), machine
learning, digital twins, and engineering education. The study identifies
major research clusters, including the integration of Al in engineering,
the evolving role of digital tools in educational systems, and the
increasing focus on sustainability and human engineering. The
findings also highlight key contributors and institutions, shedding
light on the growing collaboration within the academic and industrial
sectors. This paper offers valuable insights into the current state of DE
research and suggests areas for future exploration, particularly in
human-centered design, sustainable development, and the
interdisciplinary application of digital technologies.
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1. INTRODUCTION

Digital Engineering (DE) has
emerged as a transformative discipline at the
fields
computer science, engineering, and data
Over the past few decades,
advancements in computational tools,
machine learning, artificial intelligence [1],

intersection of various such as

analytics.

and automation have significantly altered the
landscape of engineering practice. These
innovations have paved the way for new
approaches to design, manufacturing, and
operational processes, which are
reliant on digital models,

simulations, and data-driven strategies [2],

[3].

now
increasingly

The evolution of Digital Engineering
can be traced back to the integration of digital
technologies into traditional engineering
fields, aiming to optimize the design process,
reduce costs, and improve the quality of
products and services [4], [5]. As an
interdisciplinary domain, DE encompasses a
wide range of applications, including virtual
modeling,  digital technologies,
simulation-based design, and cyber-physical

twin

systems. These applications are particularly
critical in industries such as aerospace,
automotive, manufacturing, and civil
engineering, where precision and efficiency
are paramount [6], [7].

However,  despite the rapid
advancements in DE, the field remains
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relatively new in terms of academic research.
The growth of publications in this area has
increased significantly in recent years, but the
structure and dynamics of Digital
Engineering research remain underexplored.
To date, no comprehensive bibliometric
analysis has been conducted to map the
evolution, trends, and influential
contributions within the field [8], [9]. This
paper aims to fill this gap by performing a
bibliometric analysis of the research
published on Digital Engineering over the
past two decades.

Through  the  application  of
bibliometric techniques, such as citation
analysis, co-authorship networks, and
keyword co-occurrence analysis, this study
seeks to provide a comprehensive overview of
the development of Digital Engineering
research. The objective is to identify the most
influential authors, institutions, and
publications, as well as the key research
themes and emerging trends in the field. The
findings of this study will provide valuable
insights for researchers,
professionals, and policymakers looking to
navigate the ever-evolving landscape of
Digital Engineering.

The remainder of this paper is
organized as follows: Section 2 reviews the
methodology of the bibliometric analysis,
including the data sources and analytical
techniques employed. Section 3 presents the
results of the analysis, highlighting the key
research trends and the most influential

industry

contributors to the field. Section 4 discusses
the implications of these findings for future
research and the direction of Digital
Engineering. Finally, Section 5 concludes the
paper and suggests potential areas for further
exploration within the domain.

2. METHODS

This study employs bibliometric
analysis as the primary research method to
assess the development and structure of
Digital Engineering (DE) research.
Bibliometric analysis involves the application
of quantitative methods to the study of

academic literature, enabling researchers to

identify patterns, trends, and relationships
within a given field [10], [11]. By utilizing
various bibliometric indicators such as
citation counts, co-authorship networks, and
keyword co-occurrences, this approach offers
a comprehensive understanding of the
evolution and current state of DE research.
The primary goal of this analysis is to uncover
influential publications, key authors and
institutions, and emerging research topics
that shape the Digital Engineering domain.

The data for this study were sourced
from two major academic databases: Scopus
and Web of Science. These databases were
chosen due to their extensive coverage of
high-quality peer-reviewed articles and their
ability to provide detailed bibliographic
information. The dataset includes all research
articles, conference papers, and reviews
published between 2000 and 2025. A broad
search strategy was employed, using
keywords such as "Digital Engineering,"
"virtual modeling," "digital twins,"
"simulation-based design,” and 'cyber-
physical systems." Articles were filtered based
on relevance, publication type, and subject
area, ensuring a focused dataset that
accurately represents the field of Digital
Engineering.

To analyze the collected data, several
bibliometric techniques were applied.
Citation analysis was used to identify the
most highly cited works, which often signify
groundbreaking research in the field. Co-
authorship  analysis  helped  uncover
collaboration patterns among authors and
institutions [12], [13], highlighting the key
contributors to DE research. Keyword co-
occurrence analysis was employed to map the
thematic structure of the field, revealing the
most commonly researched topics and their
relationships. Additionally, network analysis
was conducted to visualize the relationships
between authors, institutions, and research
themes. These methods provided a robust
framework for identifying key trends,
influential papers, and the broader landscape
of Digital Engineering research.
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3. RESULTS AND DISCUSSION 3.1 Author Collaboration Analysis
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Figure 1. Author Visualization
Source: Data Analysis
The figure above represents a publications or citations attributed to the
visualization of co-authorship networks author. Notably, authors like "Wang Wei,"
within a specific research domain, generated "Zhang Wei," and "Li Wei" are positioned in
using VOSviewer. Each node represents an close proximity, indicating a high degree of
author, and the links between them indicate collaboration between them. This
collaborative  relationships, = with  the visualization highlights the key contributors
proximity of nodes suggesting the strength of in the field and illustrates the
their collaboration. In this network, the interconnectedness of their research efforts,
authors are grouped into clusters based on providing insight into the collaborative
their collaborative patterns. The colors nature of academic work in this area.
represent different clusters, and the size of
each node corresponds to the number of 3.2 Country Contribution Analysis
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Figure 2. Country Visualization
Source: Data Analysis
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The figure above represents a country
collaboration network, visualized using
VOSviewer. Each node corresponds to a
country, and the links between them reflect
collaborative relationships in research or
publications. The size of each node represents
the volume of publications or research activity
from that country, with larger nodes
indicating greater participation. The color
coding differentiates groups of countries
based on their collaboration patterns, and the
density of connections between countries
suggests the strength of their collaborative
networks. For instance, the United States,
China, and India are among the largest and

most connected nodes, reflecting their
prominent roles in global research
collaboration. This visualization provides
insights into the geographical distribution of
research  efforts and  highlights the
international collaboration dynamics within
the research field. Countries such as Canada,
Saudi Arabia, and Germany are also closely
connected, indicating significant inter-
country collaborations. Meanwhile, countries
like Albania and Kenya are located on the
periphery,  suggesting less  frequent
collaboration with other nations in this
specific research context.

3.3 Citation Analysis: Influential

Publications
Table 1. Top Cited Research
Citations Authors and year Title
6306 Sebastiani, F. (2002) Machine Learning in Automated Text Categorization
Towns, J.,Cockerill, T.,Dahan,
2864 M.,... Scott, J.R.,Wilkens- XSEDE: Accelerating scientific discovery
Diehr, N. (2014)
2644 Teh'I_SI::Eg::IIi '(I;I(;lorg' L- Droplet microfluidics
1990 Nambisan, S.,Wright, The digital transformation of innovation and
M. Feldman, M. (2019) entrepreneurship: Progress, challenges and key themes
1687 Haleem, A Javaid, M.,Qadri, | Understanding the role of digital technologies in education: A
M.A. Suman, R. (2022) review
1684 Oztemel, E.,Gursev, S. (2020) | Literature review of Industry 4.0 and related technologies
1633 Liu, M. Fang, S.,.Dong, H.,.Xu, | Review of digital twin about concepts, technologies, and
C. (2021) industrial applications
1550 Ivanov, D.,Dolgui, The impact of digital technology and Industry 4.0 on the ripple
A, Sokolov, B. (2019) effect and supply chain risk analytics
1420 Feisel, LD, Rosa, AJ. (2005) The r(?le of the laboratory in undergraduate engineering
education

Scherer, R, Siddig, The technology. acceptanFe model (TAM): A . rr}eta-analytif

1350 structural equation modeling approach to explaining teachers
F., Tondeur, J. (2019) . . . . .
adoption of digital technology in education

Source: Scopus, 2026

Table 1 presents the top-cited
research in the field, highlighting influential
studies that have shaped the development of
digital technologies and their applications
across various domains. The paper by
Sebastiani (2002), "Machine Learning in
Automated Text Categorization," with 6306
citations, stands as the most cited, reflecting
its foundational role in advancing machine
learning techniques for text analysis. The

research by Towns et al. (2014) on XSEDE,
with 2864 citations, underscores the
importance of high-performance computing
in accelerating scientific discovery. Other
notable works include Nambisan et al. (2019),
which explores the digital transformation of
innovation and entrepreneurship, and Liu et
al. (2021), which reviews the concepts,
technologies, and industrial applications of
digital twins. These high-impact studies
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indicate a strong focus on digital technologies,
their integration into various industries, and
their transformative potential in fields such as
education, supply chain management, and
innovation. The wide citation count for these
papers highlights their significant
contribution to both academic research and

digital lorensics $learningg@ystems

engineerwducation

forensic afigineering

networlgsecurity

curgigula

practical applications, demonstrating the
growing importance of digital technologies in
shaping  contemporary  scientific  and
industrial landscapes.

3.4 Keyword Co-Occurrence and
Research Themes
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Figure 3. Network Visualization
Source: Data Analysis

The network visualization in Figure 3
illustrates the interconnectedness of various
research themes within the field of digital
engineering and its applications. The nodes
represent distinct research topics, while the
edges between them denote the strength of
their relationships, with closely connected
nodes indicating common areas of focus. The
visualization highlights three main clusters:
Engineering Education (represented in blue),
Artificial Intelligence and Learning Systems
(represented in red), and Human Engineering
and Sustainability (represented in green). The
blue cluster emphasizes the importance of
educational technology, curricula, and
teaching  systems,
intersection of digital engineering with

underscoring  the

educational advancements. The red cluster
reveals a strong focus on artificial intelligence,
machine learning, and digital transformation,
indicating the critical role of these
technologies in modernizing engineering
practices. Meanwhile, the green cluster
highlights the growing importance of human-
computer interaction, sustainable
development, and engineering research,
emphasizing the need for interdisciplinary
research that integrates human factors with
digital solutions. This network not only
reflects the current trends in digital
engineering but also suggests potential future
research areas, where these diverse themes
might further evolve and intersect.
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Figure 4. Overlay Visualization
Source: Data Analysis

Figure 4 displays an overlay
visualization of the research network, where
the nodes are colored according to the
temporal distribution of research topics. The
color gradient from blue to yellow indicates
the progression of these topics over time, with
blue representing older topics and yellow
reflecting newer research themes. The overlay
reveals the evolving nature of research in
Digital Engineering, with topics such as
Engineering Education, Learning Systems,
and Artificial Intelligence emerging as central
themes in more recent years, as highlighted by
the shift toward the yellow end of the

&VOSviewer

spectrum. These topics have gained
significant attention, reflecting the increasing
integration of digital technologies in
educational systems and engineering
practices. The visualization also shows
established themes like Machine Learning,
Digital Twin, and Human Engineering, which
remain important but are positioned in the
more stable, blue-green clusters. This overlay
effectively illustrates how different areas of
Digital Engineering have developed over time
and highlights areas that have rapidly gained
focus in recent years, suggesting where future
research and innovation are likely to emerge.

Figure 5. Density Visualization
Source: Data Analysis

Vol. 4, No. 04, April 2026: pp. 465-473



West Science Social and Humanities Studies

0471

Figure 5 ©presents a density
visualization of the research topics within
Digital Engineering, where the intensity of the
color indicates the concentration of research
activity in each area. The bright yellow-green
regions represent areas of high research
density, while the darker purple areas reflect
topics with lower levels of research activity.
The central cluster of Engineering Education,
Learning Systems, and Artificial Intelligence
stands out with the highest density, indicating
that these topics have attracted significant
attention in recent years. This is consistent
with the growing importance of digital tools
and Al in reshaping engineering education
and practices. Topics like Machine Learning,
Digital Storage, and Human Engineering also
show  notable  concentration, further
demonstrating their importance in both
academic and applied research. Conversely,
areas like Sustainable Development and
Digital Forensics are less concentrated,
indicating these topics might be emerging or
receiving relatively less focus compared to
others. This visualization provides a clear
picture of the thematic focus within the field,
highlighting the areas that are driving current
research trends in Digital Engineering.

Discussion

The bibliometric analysis conducted
in this study highlights several key trends in
Digital Engineering (DE) research, reflecting
both the rapid growth and the diversification
of topics within the field. As demonstrated by
the increasing volume of publications over the
past two decades, DE has become an
interdisciplinary domain that intersects
various engineering disciplines, computer
science, and emerging digital technologies.
The growing body of literature, particularly in
the last five years, underscores the expanding
integration of digital tools in engineering
practices, such as the use of artificial
intelligence (AI), machine learning, and
digital twins, all of which are central to the
future of industrial processes and product
development. The dense concentration of
research in these areas is indicative of their
critical role in transforming engineering
methodologies and  practices, offering

opportunities for automation, optimization,
and real-time decision-making [6], [9], [14].
One significant observation is the
dominant presence of Engineering Education
and Learning Systems within the DE research
landscape. This suggests that, alongside
technological advancements, there is a
growing focus on reshaping educational
paradigms to better equip future engineers
with the necessary skills to work in an
increasingly digital environment. Topics such
as Educational Technology, Digital Devices,
and Teaching Systems have gained significant
research attention, reflecting the effort to
adapt engineering curricula to the demands of
Industry 4.0. The convergence of Al, digital
tools, and engineering education highlights a
shift toward more interactive, flexible, and
technology-driven learning methods.
Moreover, Artificial Intelligence remains a
major research theme due to its potential to
revolutionize various aspects of engineering,
from design processes to predictive
maintenance and
manufacturing [15], [16].
On the other hand, areas like
Sustainable Development and Human
Engineering are gaining traction but are not as
densely concentrated as Al and education-
focused themes. The relatively lower density
in these topics may suggest that while there is
growing interest in integrating sustainability

optimization in

into engineering practices and focusing on
human factors in digital systems, these areas
are still developing in terms of research
volume and collaborative networks. The
adoption of Human-Computer Interaction
(HCI) and Digital Twins in various industries
may see further growth as the technology
matures and becomes more widely
applicable. ~ This indicates a future
opportunity for research to address the
human and environmental impacts of digital
technologies, which are critical to achieving a
sustainable future in engineering [17]-[19].
Finally, the emerging themes of
Digital Forensics, Behavioral Research, and
Virtual Reality point to the interdisciplinary
nature of DE research, expanding its influence
across sectors like cybersecurity, health, and
behavioral science. While not as prominent in
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terms of research density, these areas are
likely to grow as digital technologies become
increasingly integrated into different aspects
of society. Research in Digital Forensics and
Safety Engineering, for example, is crucial as
industries adopt more digital systems,
requiring robust frameworks to address
security and risk management. Virtual Reality
also shows potential for revolutionizing
industries like architecture, healthcare, and
training by providing immersive, interactive
environments for simulation and real-time
data interaction. As digital technologies
continue to evolve, these emerging areas of
DE research are expected to grow in
importance,
investigation and innovation.

offering new frontiers for

4. CONCLUSION

In conclusion, the bibliometric
analysis of Digital Engineering research

and its growing influence across various
sectors. As industries and educational
institutions adopt  digital
technologies, DE research is likely to expand
further, particularly in areas like Al, machine
learning, and digital twin technologies. The
centrality of engineering education in the
research landscape highlights the need for
adapting curricula to meet the demands of
Industry 4.0 and ensure that future engineers
are equipped with the skills to leverage digital
tools effectively. Although emerging topics
such as sustainability and human engineering
show promise, further research is needed to
address the social, environmental, and
aspects of digital
technologies. The findings of this study serve
as a foundation for future research in Digital
Engineering, suggesting that collaboration

continue to

human-centered

between academia, industry, and policy
makers will be essential in advancing the

underscores the rapid evolution of the field

application and integration of digital
technologies into engineering practices.

REFERENCES

(1
(2]
(3]
(4]
(5]
(6]

(7]

(8]

(%]

J. Collin, K. Hiekkanen, J. J. Korhonen, M. Halén, T. Itéld, and ..., IT leadership in transition-The impact of digitalization
on Finnish organizations. aaltodoc.aalto.fi, 2015.

X. Shi, S. Chen, and X. Lai, “Blockchain adoption or contingent sourcing? Advancing food supply chain resilience in
the post-pandemic era,” Front. Eng. Manag., vol. 10, no. 1, pp. 107-120, 2023, doi: 10.1007/s42524-022-0232-2.

T. R. Xuan and S. Ness, “Integration of Blockchain and Al: exploring application in the digital business,” J. Eng. Res.
Reports, vol. 25, no. 8, pp. 20-39, 2023.

M. Bala and D. Verma, “A Critical Review of Digital Marketing Paper Type: - Review and Viewpoint,” Int. ]. Manag.
IT Eng., vol. 8, no. 10, pp. 321-339, 2018.

E. A. Makarova and E. L. Makarova, “Blending pedagogy and digital technology to transform educational
environment,” Int. ]. Cogn. Res. Sci. Eng. Educ., vol. 6, no. 2, pp. 57-65, 2018.

R. Okraszewska, K. Kijewska, J. Wachnicka, and M. Mikusova, “Evaluating the convenience and safety effects of
bicycle lanes in Gdansk,” Arch. Civ. Eng., pp. 415-432, 2021.

J. Chimdji, S. Girma, A. Mosisa, and D. Mitiku, “Assessment of factors affecting accuracy of cost estimation in public
building construction projects in western oromia region, Ethiopia,” J. Civ. Eng. Sci. Technol., vol. 11, no. 2, pp. 111-
124, 2020.

H. H. Elmousalami, “Artificial intelligence and parametric construction cost estimate modeling: State-of-the-art
review,” |. Constr. Eng. Manag., vol. 146, no. 1, p. 3119008, 2020.

K. Li, Q. Yang, A. Shrestha, and D. Wang, “Impact of technology recombination on construction firm performance:
Evidence from Chinese construction sector,” ]. Manag. Eng., vol. 39, no. 3, p. 4023014, 2023.

[10] H. Xie and T. C. Lau, “Evidence-Based Green Human Resource Management: A Systematic Literature Review,”
Sustain., vol. 15, no. 14, 2023, doi: 10.3390/su151410941.

[11] E. C. Fenerich, K. Guedes, N. H. M. Cordeiro, G. de Souza Lima, and A. L. G. de Oliveira, “Energy efficiency in
industrial environments: an updated review and a new research agenda,” Rev. Gestio e Secr. (Management Adm. Prof.
Rev., vol. 14, no. 3, pp. 3319-3347, 2023.

[12] U. A. Akhtar, R. Muhammad, L. J. A. Bakar, V. Parameswaranpillai, B. Raj, and N. B. Khan, “Green Human Resource
Management Bibliometric Analysis of the Published Literature from 2008 to 2022,” Int. . Prof. Bus. Rev. Int. ]. Prof.
Bus. Rev., vol. 8, no. 4, p. 1, 2023.

[13]  M.P.Low and D. Siegel, “A bibliometric analysis of employee-centred corporate social responsibility research in the
2000s,” Soc. Responsib. ]., vol. 16, no. 5, pp. 691-717, 2020.

[14]

P. D. Pakhale and A. Pal, “Digital project management in infrastructure project: a case study of Nagpur Metro Rail
Project,” Asian ]. Civ. Eng., 2020, doi: 10.1007/s42107-020-00224-4.

Vol. 4, No. 04, April 2026: pp. 465-473



West Science Social and Humanities Studies 0473

[15]

[16]

[17]

(18]

[19]

S. Shah and S. Gopinath, “Machine Learning-Based Dynamic Cost Estimation Model for Construction Projects,” in
International Conference on Civil Engineering Innovative Development in Engineering Advances, Springer, 2023, pp. 625—
633.

R. Aldhuhoori, K. Almazrouei, A. Sakhrieh, M. Al Hazza, and M. Alnahhal, “The Effects of Recruitment, Selection,
and Training Practices on Employee Performance in the Construction and Related Industries,” Civ. Eng. ]., vol. 8, no.
12, pp. 3831-3841, 2022.

M. T. Amron, R. Ibrahim, and N. A. A. Bakar, “The Impact of Technology Readiness on User Acceptance of
Government Cloud Computing Services,” in 2022 International Congress on Human-Computer Interaction, Optimization
and Robotic Applications (HORA), IEEE, 2022, pp. 1-7.

S. H. Lim, D. J. Kim, Y. Hur, and K. Park, “An empirical study of the impacts of perceived security and knowledge
on continuous intention to use mobile fintech payment services,” Int. . Human—Computer Interact., vol. 35, no. 10, pp.
886-898, 2019.

K. Widdicks, C. Remy, O. Bates, A. Friday, and M. Hazas, “Escaping unsustainable digital interactions: Toward ‘more
meaningful” and “‘moderate” online experiences,” Int. |. Hum. Comput. Stud., vol. 165, p. 102853, 2022.

Vol. 4, No. 04, April 2026: pp. 465-473



