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Abstract

The evolving landscape of engineering education requires the development of advanced cognitive skills, particularly complex
problem-solving (CPS). As engineering challenges grow in complexity, CPS has become a vital competency. However, research on
CPS in engineering education remains scattered. This study presents a systematic bibliometric analysis to uncover trends, key
contributors, and thematic focuses in CPS-related research. Using the Scopus database and VOSviewer 1.6.20, the study analyzed
publications based on co-authorship, co-citation, and keyword co-occurrence. The five-stage bibliometric approach by Masitoh et
al. (2021) and Bukar et al. (2023) was adopted, encompassing keyword selection, data retrieval, screening, analysis, and
visualization. Findings show a notable rise in CPS publications after 2010, peaking between 2022 and 2024. Dominant keywords
include “active learning,” “simulation,” “artificial intelligence,” and “project-based learning,” indicating a shift toward AI-driven,
technology-enhanced approaches. China, the United States, and India lead in research output, reflecting global efforts in reforming
engineering education. The study highlights the growing emphasis on interdisciplinary and problem-based learning. Despite this
momentum, regional disparities remain. Insights from this analysis are valuable for curriculum developers, educators, and
policymakers to enhance CPS integration and guide future research toward more holistic and inclusive approaches.
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1. Introduction

The rapid evolution of engineering disciplines necessitates the development of advanced cognitive skills, particularly
complex problem-solving (CPS), which is integral to academic and professional success (H. Wu & Molnér, 2022).
While traditional engineering education emphasizes technical skills, there is now an increasing demand for cognitive
flexibility, interdisciplinary thinking, and real-world problem-solving capabilities (Mohd Matore et al., 2018). CPS
involves identifying, analyzing, and resolving unfamiliar, dynamic, and multifaceted problems through logical
reasoning. It includes two main phases: knowledge acquisition and knowledge application (Funke, 2001; Novick &
Bassok, 2005). The development of CPS skills is closely linked with metacognitive abilities, as students who monitor
and regulate their cognitive processes tend to perform better in solving complex, unfamiliar problems (Utami et al.,
2023).

To cope with increasingly intricate engineering challenges, CPS integration into curricula has become essential to
strengthen conceptual understanding and practical competencies (H. Wu & Molnar, 2022). The demands of Industrial
Revolutions 4.0 and 5.0 further push for CPS approaches that include artificial intelligence (Al), automation, and
human-centered innovations. The World Economic Forum (WEF) emphasizes CPS as a vital skill for future engineers
to remain competitive, adaptable, and solution-oriented (WEF 2023, 2025). Furthermore, CPS is a key element of the
Washington Accord’s graduate attributes for internationally recognized engineers (Hassan et al., 2022). This
necessitates the inclusion of authentic, competency-based, and personalized assessments in engineering curricula
(Garay-Rondero et al., 2024).
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Inductive reasoning (IR) and combinatorial reasoning (CR) are vital strategies that enable students to analyze variable
relationships and devise practical solutions (H. Wu & Molnar, 2022). Structured reasoning approaches have been shown
to enhance CPS performance significantly (Molnar & Csapd, 2018), especially when combined with hypothesis testing
and systematic trial-and-error strategies (Alrababah et al., 2024).

Bibliometric analysis has emerged as a methodical approach to evaluate CPS-related research trends, identify influential
publications, and map theoretical frameworks. However, existing literature remains fragmented. This study conducts a
comprehensive bibliometric analysis of CPS in engineering education, focusing on recent publications to ensure
findings reflect the most current developments. Limiting the scope temporally allows for a manageable and relevant
analysis. Despite growing attention to CPS, implementation across educational contexts varies. Regional differences in
curriculum design, assessment practices, and CPS familiarity create inconsistencies in performance outcomes
(Alrababah et al., 2024; H. Wu & Molnar, 2022). While Western institutions often use standardized simulations and
digital tools, others, particularly in Asia and the Middle East, are still developing structured CPS assessments.
Technological tools like the MicroDYN framework now allow educators to assess knowledge acquisition (KAC) and
knowledge application (KAP) more accurately, giving insight into students' problem-solving processes (Greiff, 2017;
Schweizer et al., 2013). Additionally, collaborative problem-solving (CoPS) has proven effective in enhancing
analytical thinking through peer interaction (Guo et al., 2023).

Given these complexities, this study systematically explores the bibliometric landscape of CPS research within
engineering education by addressing the following research questions: (1) What are the emerging trends in complex
problem-solving in engineering education research based on publication years?, (2) What are the most frequently used
keywords associated with complex problem-solving in engineering education studies?, (3) Which authors and countries
contribute the most to publications in this research area?, and (4) Which countries contribute the most to publications
in this research area?

Using bibliometric tools, this study identifies popular keywords to streamline the vast literature and map relationships
between different research areas, uncovering how various aspects of CPS are interconnected. Additionally, analyzing
publications by country reveals the global distribution of research output, highlighting international collaborations and
networks. This is particularly relevant in engineering education, where cultural and regional contexts may influence
research perspectives and outcomes. Mapping authorship and collaborations by country provides valuable insights for
new researchers seeking partnerships and established researchers aiming to expand their collaborative reach. By
addressing these aspects, this study aims to provide a comprehensive overview of the intellectual structure, influential
publications, and evolving research frontiers in CPS within engineering education. The findings will inform the
development of more effective instructional strategies and highlight regional strengths and gaps in the global research
landscape.

2. Research Methods

This study employed a bibliometric approach to systematically map the research landscape of CPS approaches in
engineering education, with Scopus serving as the primary source of bibliographic metadata. Bibliometrics involves
aggregating, organizing, and analyzing bibliographic data derived from scientific publications, offering both descriptive
insights (e.g., publication trends, authorship patterns) and advanced methodologies such as co-citation analysis and
keyword co-occurrence mapping. This method has been widely used across disciplines, including health sciences, social
sciences, and education (Ishak et al., 2025; Lima & Ribeiro, 2023; Verbeek et al., 2002; Wu & Wu, 2017; Zhang et al.,
2024).

The Scopus database was selected for its comprehensive coverage of peer-reviewed sources, including journal articles,
conference proceedings, and book chapters (Masitoh et al., 2021; Hernandez-Torrano & lbrayeva, 2020; Ishak et al.,
2025; Sabtu & Mohd Matore, 2024; Masdoki et al. 2021). Since its launch by Elsevier in 2004, Scopus has indexed
more than 49 million records across 29,200 titles from over 7,000 publishers worldwide (Falagas et al., 2008; Kulkarni
et al., 2009), encompassing a broad range of subject areas. Moreover, it provides key bibliometric metrics such as
citation counts, h-index scores, and author affiliations, enabling in-depth analysis (Masitoh et al., 2021; Ishak et al.,
2025). To achieve the study’s objectives, a five-step bibliometric analysis framework in figure 1 was adapted from
Masitoh et al. (2021) and Bukar et al. (2023). The first step, Defining Search Keywords, involved identifying relevant
terms associated with CPS and engineering education. Boolean operators (AND, OR, NOT) were applied to construct
precise search queries. During the Initial Search Result phase, targeted queries were executed within the Scopus
database. The Refinement of Search Results followed, applying inclusion and exclusion criteria to filter out irrelevant
records. In the fourth step, Compiling Initial Data Statistics, descriptive analysis was conducted to examine publication
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trends, active contributors, and country-wise distribution. The final step, Data Analysis, was facilitated by VOSviewer
version 1.6.20, which supported visual mapping of co-authorship networks, keyword co-occurrence, and citation
linkages. This helped to reveal thematic clusters, research gaps, and collaborative patterns (Fahimnia et al., 2015). The
study adopted a quantitative bibliometric approach to capture trends and thematic development in CPS research.
VOSviewer’s visualization capabilities were particularly useful for identifying influential research topics and author
networks. Repetition of the five-step method across both versions of the methodology—whether referencing CPS alone
or incorporating complex engineering problems (CEP)—ensured consistency and reliability.

Bibliometric Analysis Process

Defining ( Initial Sear _ Refinement Compiling ( Dat )
Q Search (- R ,_',‘I"“'" ware \"’ of the M Initial Data e "Il"‘.“ -
Keyword L - Search Statistics | Anavsis )

Fig. 1. The Five Steps in Bibliometric Analysis adopted by Ari Masitoh et al. (2021).

2.1. Data Search Strategy

Table 1 presents the variations of search terms and corresponding category labels used in this study. A systematic
approach was employed to ensure a robust and comprehensive analysis of the existing body of knowledge on CPS
approaches in engineering education. The search strategy incorporated Boolean operators and specific keywords to
capture publications aligned with the research scope while minimizing irrelevant results.

Table 1. Search string and category labels

Term Variations Category Labels

Complex Problem Solving “Complex Problem Solving” AND CPS E
“Engineering”

Complex Engineering Problem “Complex Engineering Problem Solving” CEPS_CEP

OR “Complex Engineering Problem”

The search terms were carefully selected to reflect the core themes of complex problem-solving in engineering
education, ensuring alignment with the research questions. This approach follows the bibliometric methodologies
outlined by Donthu et al. (2021), emphasizing the importance of precise search terms to avoid redundancy and enhance
the accuracy of the retrieved datasets (Donthu et al. 2021).

2.2. Initial Search Results

Table 2 presents the search algorithms and the number of documents retrieved under each search category. As expected,
the literature on CPS in engineering education was broader than specific subdomains like complex engineering problems
and curriculum-based studies. This aligns with the research objectives of identifying trends, keywords, and key

contributors in the field.

Table 2. Document retrieval results by search category

Search Number of
category Algorithms finding
label documents

TITLE-ABS-KEY ( “complex problem solving” AND “engineering” ) AND PUBYEAR >
1999 AND PUBYEAR < 2026 AND ( LIMIT-TO ( SUBJAREA , “ENGI” ) OR LIMIT-TO (
SUBJAREA , “COMP” ) OR LIMIT-TO ( SUBJAREA , “SOCI” ) OR LIMIT-TO (

CPS_E SUBJAREA , “MATH” ) OR LIMIT-TO ( SUBJAREA , “PSYC” ) OR LIMIT-TO ( 248
SUBJAREA , “DECI” ) OR LIMIT-TO ( SUBJAREA , “ENVI” ) OR LIMIT-TO (
SUBJAREA , “ENER” ) OR LIMIT-TO ( SUBJAREA , “PHYS” ) OR LIMIT-TO (
SUBJAREA , “MATE” ) OR LIMIT-TO ( SUBJAREA , “MULT” ) OR LIMIT-TO (
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SUBJAREA , “CHEM” ) OR LIMIT-TO ( SUBJAREA , “CENG” ) OR LIMIT-TO (
SUBJAREA , “AGRI”) OR LIMIT-TO ( SUBJAREA , “EART”))
TITLE-ABS-KEY ( “complex engineering problem solving” OR “complex engineering
problem”) AND PUBYEAR > 1999 AND PUBYEAR < 2026 AND ( LIMIT-TO (
SUBJAREA , “ENGI”) OR LIMIT-TO ( SUBJAREA , “COMP”) OR LIMIT-TO (
SUBJAREA , “MATH”) OR LIMIT-TO ( SUBJAREA, “SOCI”) OR LIMIT-TO (
CEPS_CEP SUBJAREA, “PHYS”) OR LIMIT-TO ( SUBJAREA , “MATE”) OR LIMIT-TO ( 978
SUBJAREA , “ENER”) OR LIMIT-TO ( SUBJAREA, “ENVI”) OR LIMIT-TO (
SUBJAREA , “DECI”) OR LIMIT-TO ( SUBJAREA, “CENG”) OR LIMIT-TO (
SUBJAREA , “MULT”) OR LIMIT-TO ( SUBJAREA, “AGRI”) OR LIMIT-TO (
SUBJAREA, “CHEM”) OR LIMIT-TO ( SUBJAREA, “PSYC”))

Analysis revealed that documents from the CPS_E and CEPS_CEP categories were mostly aggregated under the
broader CPS_C category. This enabled a more focused exploration of publications relevant to complex problem-solving
in engineering education. The approach follows bibliometric practices by Donthu et al. (2021), who emphasized
refining categories to reduce redundancy and ensure clarity. Gandasari et al. (2024) also highlighted that thematic
clustering improves the precision of bibliometric outcomes.

The analysis thus concentrated on documents from the core categories (CPS_E and CEPS_CEP), ensuring alignment
with the study's aims. The next sections offer comparative insights into publication timelines, subject areas, and regional
origins. This method reflects Bukar et al.’s (2023) guidelines on systematic data handling to extract meaningful insights
from bibliometric datasets.

3. Results and Discussion

The bibliometric analysis offers important insights into the research landscape of complex problem-solving (CPS) in
engineering education. By analyzing publication trends, keyword co-occurrence, and author and country contributions,
the study uncovers evolving research frontiers and intellectual structures in the field. Findings show a growing focus
on CPS methodologies, especially in line with Industry 4.0 and 5.0 developments, where Al, computational tools, and
interdisciplinary strategies are increasingly embedded in engineering curricula. Research productivity has expanded
over the last two decades, with notable contributions from both established and emerging institutions. The following
discussion elaborates on these findings in relation to the study’s objectives, highlighting major trends, dominant themes,
and influential contributors shaping the direction of CPS research in engineering education.

3.1. Emerging Trends in CPS in Engineering Education Research Based on Publication Years
3.1.1. Publication Years

Figure 2 illustrates the publication trends in CPS within engineering education from 2000 to 2025, using the CPS_E
and CEPS_CEP search terms. The bibliometric approach was applied using data from the Scopus database, following
methodologies outlined by Masitoh et al. (2021) and Ishak et al. (2025) (Ari Masitoh et al. 2021; Ishak et al. 2025).
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Fig. 2. Annual number of published.
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The findings indicate a sharp increase in CPS-related publications, particularly in CEPS_CEP. Before 2010,
publications remained below 20 per year, but from 2010 onwards, a noticeable rise occurred, with CEPS_CEP reaching
28 publications in 2011, compared to 8 in CPS_E. The growth became more significant after 2018, where CEPS_CEP
increased from 44 publications in 2018 to 113 in 2024, highlighting a strong research focus on complex engineering
problems. CPS_E also grew steadily, peaking at 29 publications in 2022, before slightly declining to 22 in 2024. The
sharp rise in publications, particularly in the past five years, indicates a growing academic interest in CPS within
engineering education. This aligns with the global shift toward incorporating CPS methodologies in problem-based
learning and interdisciplinary research (Guo et al. 2023; Verissimo et al. 2024). The steady upward trend suggests an
increasing recognition of CPS as an essential skill in engineering curricula, particularly with the integration of artificial
intelligence and computational tools (Nagahi et al. 2021). This analysis aligns with bibliometric methodologies used in
previous studies (Lima & Ribeiro 2023; Verbeek et al. 2002; Y. C. J. Wu & Wu 2017), which emphasize how analyzing
publication trends helps identify paradigm shifts in a research field.

3.1.2. Subject Areas

The distribution of subject areas across the search categories CPS_E and CEPS_CEP is presented in Figure 3. It is
evident that Engineering stands out as the most prominent subject area, with 128 documents under CPS_E and 629
documents under CEPS_CEP, indicating a strong emphasis on complex problem-solving within engineering
disciplines. This reflects the growing recognition of CPS as a critical skill set for future engineers. Apart from
engineering, Computer Science also emerges as a significant domain, with 106 documents for CPS_E and 415
documents for CEPS_CEP, highlighting the increasing reliance on computational tools and simulations to enhance
problem-solving capabilities in engineering education (Ling 2024). Similarly, Mathematics shows considerable
representation, with 14 documents under CPS_E and 217 under CEPS_CEP, underscoring the importance of analytical
and quantitative skills in tackling complex problems. Other notable subject areas include Social Sciences (96 documents
for CPS_E and 118 for CEPS_CEP), Physics and Astronomy (6 and 103 documents, respectively), and Energy (7 and
69 documents). These fields suggest interdisciplinary applications of CPS approaches beyond traditional engineering
contexts. Interestingly, the Chemical Engineering, Environmental Science, Decision Sciences, and Materials Science
categories exhibit relatively lower outputs, indicating that CPS-related research in these fields is still developing. The
dominance of publications within the science and technology fields, compared to limited contributions from commerce
and humanities, suggests a strong technical focus in the current literature. This highlights an opportunity for future
research to incorporate more diverse perspectives, including economic and social considerations, to achieve a more
holistic understanding of complex problem-solving in engineering education (Azmin et al. 2023; M. Zhang &
Andersson 2023).
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Fig. 3. Subject areas of research field.
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3.2. The Most Frequently Used Keywords Associated with Complex Problem-Solving in Engineering Education
Studies

3.2.1. Keyword Co-Occurrence Analysis

This bibliometric analysis employed VOSviewer to examine CPS research in engineering education, focusing on co-
citation, co-authorship, and keyword co-occurrence networks. The methodology followed the structured network-based
bibliometric approach by Donthu et al. (2021), essential for uncovering research trends, collaborative networks, and
thematic clusters. To create the keyword co-occurrence map, data were extracted from Scopus using RIS files based on
relevant search queries. According to Perianes-Rodriguez et al. (2016), the “Title and Abstract” fields were selected for
keyword extraction, using the “Full Counting” method to ensure a comprehensive analysis. A minimum threshold of
10 keyword occurrences yielded 26,128 initial terms, of which 695 met the criteria. After manual verification, 417
relevant keywords were retained.

Following Wulandari (2024), appropriate thresholds were applied to include significant terms while filtering out less
relevant ones. The co-occurrence map revealed two major thematic clusters in CPS research. The first cluster (red
nodes) reflected technical and computational aspects, with frequent keywords such as “algorithm,” “parameter,”
“simulation,” and “efficiency,” indicating a focus on computational problem-solving. The second cluster (green nodes)
centered on pedagogical and cognitive elements, with terms like “student,” “education,” and “practice,” emphasizing
instructional strategies.

Density visualization offered further insights into emerging trends. High-density (yellow) regions pointed to active
research areas, especially at the intersection of computational techniques and student-centered learning. This
observation aligns with Ishak et al. (2025), who emphasized that network and density maps help reveal the knowledge
structure of a field and identify research gaps. As illustrated in Figure 4 and Figure 5, the findings show CPS research
is evolving along two main directions: (1) computational problem-solving methods, and (2) pedagogical strategies.
Future research should explore how these domains intersect, particularly in designing teaching methods that integrate
computational frameworks effectively into engineering education.
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Fig. 4. Network visualization co-occurrence CPS_E and CEPS_CEP.
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Fig. 5. Density co-occurrence CPS_E and CEPS_CEP.
3.3. Most Authors and Countries Contribute the Most to Publications in This Research Area
3.3.1. Most Cited Documents

Table 3 highlights the most cited documents related to complex problem-solving approaches in engineering education,
along with their field-weighted citation counts. Despite the moderate citation numbers, many documents surpass the
global average, indicating significant scholarly impact. Notably, conference papers demonstrate higher citation
influence compared to journal articles. For instance, Davis et al. (2011) achieved a field-weighted citation count of 4.44
for their work on integrating engineering skills assessment, while Kolmos et al. (2020) recorded 3.59 for their
conceptual framework on complex problem-solving through project-based learning. Monica et al. (2023) led with a
count of 5.88, emphasizing the relevance of Industry 5.0 technologies in future engineering education. Conversely,
lower citation counts, such as Alba et al. (2006) with 0.07, suggest limited broader applicability in educational contexts.
The findings indicate that publications addressing contemporary challenges like Industry 4.0 and and pedagogical
innovations tend to gain greater recognition (Verissimo, 2024; Zhang, 2023). While the current time span limits strong
correlations between publication type, journal prominence, and citation impact, the analysis underscores the growing
academic focus on complex problem-solving approaches in engineering education and their potential for future
research.

Table 3. The most cited documents related to CPS approaches in engineering education.

Field-
. - Citation Weighted

Title Author Year  Journal Title Count Citation
Count

The fundamental nature of requirements N .

. . o L Aybiike Aurum, Information and Software

engineering activities as a decision- Claes Wohlin, 2003 Technology 138 3.9

making process

Territorial resilience: Toward a proactive Brunetta, G., Sustainability (Switzerland), 2.62

meaning for spatial planning Ceravolo, R., 2019 11(8), 2286 61

Barbieri, C.A. !

Knowledge engineering: Building Tecuci, G., Marcu, glr.l]i(:\é\;l:d%:eOErr:ﬁliCZeXQS%:StantS

cognitive assistants for evidence-based D., Boicu, M., 2016 for E dg gb q 39 1.35

reasoning Schum, D.A. or Evidence-base

! Reasoning, pp. 1-480
Formative feedback and scaffolding for Frank B.. Simper European Journal of
developing complex problem solving and — per, 2018  Engineering Education, 43(4), 20 1.42

N., Kaupp, J.

modelling outcomes pp. 552-568
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Special session - Not all problems are
created equal: From problem-based
learning theory to research on complex
problem solving and implications for the
engineering classroom

Dealing with the uncertainties of climate
engineering: Warnings from a
psychological complex problem-solving
perspective

Project types and complex problem-
solving competencies: Towards a
conceptual framework

New curricula for engineering education:
Experiences, engagement, e-resources

IDEALS: A model for integrating
engineering design professional skills
assessment and learning

Optimization Techniques for Solving
Complex Problems

Developing Future Skills in Engineering
Education for Industry 5.0: Enabling
Technologies in the Age of Digital
Transformation and Green Transition

Virtual Globalization: An Experience for
Engineering Students in the Education
4.0 Framework

A systematic approach to implementing
complex problem solving in engineering
curriculum

The relationships between pre-university
education and mathematics achievement
with performance in engineering subject

Impact of modelling and simulation in
solving complex problems in first year
engineering course

Undergraduate research and complex
problem solving: Understanding and
translating such experiences to the
classroom

Pierrakos, O.,
Watson, H.,
Kander, R. ,
Russell, J. ,
Anderson, R.

Amelung, D.,
Funke, J.

Kolmos, A., Bertel,
L.B., Holgaard, J.E.
, Routhe, HW.
Jonassen, D.H.,
Engle, RW.,
Cheng, P.C.-H.,
Salas, E.

Davis, D.C.,
Trevisan, M.S.,
Davis, H.P.

Alba, E., Blum, C.,
Isasi, P., Ledn, C.,
Gomez, J.A.
Ciolacu, Monical l.,
Alves, Gustavo R.,
Terkowsky,
Claudius, Zoubi,
Abdallah VY.
Caratozzolo, P.,
Friesel, A.,
Randewijk, P.J.,
Navarro-Duran, D.
Liew, C.P.,
Hamzah, S.H.,
Puteh, M. ,
Mohammad, S. ,
Badaruzzaman,
W.H.W.

Kamal, N., Arsad,
N., Husain, H. ,
Nopiah, Z.M.

Asundi, M.,
Kandakatla, R. ,
Joshi, G.

Zilberberg, A.,
Pierrakos, O.,
Thompson, E.

2010

2013

2020

2017

2011

2008

2023

2021

2020

2015

2021

2010

Proceedings - Frontiers in
Education Conference, FIE

Technology in Society

International Research
Symposium on PBL, pp. 56—
65

Global Journal of
Engineering Education, pp.
112-117

ASEE Annual Conference
and Exposition, Conference
Proceedings

Optimization Techniques for
Solving Complex Problems,
pp. 1-476

Lecture Notes in Networks
and Systems 763 LNNS, pp.
1019-1031

ASEE Annual Conference
and Exposition, Conference
Proceedings

Advances in Intelligent
Systems and Computing,
1134 AISC, pp. 880891

Journal of Engineering
Science and Technology,
10(Spec. Issue 2 on UKM
Teaching and Learning
Congress 2013, May 2015),
pp. 10-17

Journal of Engineering
Education Transformations

Proceedings - Frontiers in
Education Conference, FIE

19

17

12

11

10

0.84

1.43

3.59

1.20

4.44

0.07

5.98

2.50

1.47

1.17

0.60

0.42

3.3.2. Countries with The Highest Research Contributions

The figure 6 illustrates the distribution of scholarly publications on CPS in engineering education across different
countries. The data, derived from the Scopus database, highlights the leading contributors to this research domain.
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Fig. 6. Trend of research in complex problem-solving in engineering education by country.

China emerges as the dominant contributor, with 360 publications, reflecting its strong emphasis on advancing
engineering education through complex problem-solving frameworks. This prominence can be attributed to China's
national strategies promoting innovation, technological advancement, and STEM education reform (Zhao, 2021).
Following China, the United States accounts for 277 publications, showcasing its longstanding leadership in
engineering education research. American institutions, particularly through collaborative efforts between universities
and industries, have consistently promoted problem-based learning (PBL) and interdisciplinary approaches to
engineering education (Prince & Felder, 2006). India ranks third with 83 publications, indicating its increasing focus
on enhancing engineering curricula to equip graduates with critical thinking and complex problem-solving skills
(Kumar & Subramanian, 2023). The United Kingdom follows with 65 publications, emphasizing its adoption of digital
learning platforms and innovative teaching methodologies in engineering education (Gupta & Thompson, 2022).

Other notable contributors include Iran (46 publications), Malaysia (45 publications), Australia (45 publications), and
Germany (45 publications). These countries have actively integrated complex problem-solving frameworks into their
educational systems, often supported by national policies and funding initiatives (Ahmad et al., 2022; Fischer et al.,
2020). Brazil (30 publications) and Canada (28 publications) round out the list, reflecting their ongoing efforts to
strengthen engineering education through CPS-oriented pedagogies (Silva & Pereira, 2021). The chart underscores the
global nature of CPS research, with significant contributions from both Western and Eastern nations. The disparity in
publication counts highlights varying levels of investment, institutional focus, and national education policies aimed at
preparing future engineers for real-world challenges.

The findings from this bibliometric analysis suggest several actionable implications for curriculum designers and
educators. The increasing prominence of Al, simulation, and project-based learning highlights the need for engineering
programs to embed CPS competencies through authentic learning tasks, such as interdisciplinary design challenges and
industry-partnered problem-solving modules. For example, higher education institutions in Malaysia could integrate
CPS elements through capstone projects that utilize simulation tools and Al-based platforms. Besides, the CPS
competencies can be formed to develop into new instrument that can use different kind of analysis of modern and
classical theory as conducted previously in local context (Mohd Matore et al., 2021; Kamaruddin et al., 2021).
Additionally, professional development programs for lecturers should emphasize digital pedagogies and assessment
strategies aligned with competency-based education. These efforts can enhance students’ ability to tackle real-world,
ill-structured engineering problems while also supporting national education reforms focused on 21st-century skills.

4. Conclusion

This bibliometric analysis systematically examined CPS research in engineering education by addressing four
objectives: (1) identifying emerging trends, (2) analyzing frequently used keywords, (3) determining the most active
authors, and (4) identifying contributing countries. Using Scopus and VOSviewer version 1.6.20, this study mapped
research patterns, key contributors, and thematic developments. Findings revealed a significant rise in CPS-related
publications from 2010, with a sharp surge between 2022 and 2024. This trend highlights the growing global recognition
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of CPS as an essential skill in engineering education, aligned with broader STEM reforms and technological innovation.
Keyword co-occurrence analysis identified major themes such as "active learning,” "simulation,”" "artificial
intelligence," and "project-based learning," marking a shift from traditional cognitive development to Al-enhanced and
adaptive learning environments. Emerging terms like "ChatGPT" and "competency-based education" underscore the
increasing digitalization of engineering curricula. These changes reflect efforts to better prepare students for complex,
real-world engineering challenges. Country-level analysis showed China (360 publications), the United States (277),
and India (83) as leading contributors. These countries benefit from strong research ecosystems and policy support for
educational innovation. Notably, countries such as the United Kingdom, Malaysia, and Australia also show increasing
research output. Malaysia’s growing engagement in CPS-related research reflects national efforts to integrate 21st-
century skills into its engineering and technical education frameworks. This indicates a broader regional shift toward
adopting CPS in curriculum reform and workforce development strategies. This study is not without limitations. First,
the bibliometric data were exclusively extracted from the Scopus database, which, although comprehensive, may
exclude relevant works indexed in databases such as Web of Science, IEEE Xplore, or Dimensions. Second, only
English-language publications were considered, potentially overlooking valuable insights from non-English sources.
Third, this study employed a quantitative bibliometric approach without delving into qualitative content analysis. As
such, future research could expand by using multi-database comparisons and incorporating qualitative thematic
analyses of high-impact publications to provide deeper pedagogical insights.
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