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ABSTRACT 

Engineering Design Thinking (EDT) has become a critical framework in contemporary engineering education by 
integrating creativity, human-centered perspectives, and systems thinking to address complex problems. This study 
aims to map the evolution of EDT research, identify dominant thematic structures, and indicate future research 
directions through a hybrid approach combining a Systematic Literature Review (SLR) and Bibliometric Analysis. Using 
the Scopus database, 893 publications published between 2020 and 2025 were analyzed following the PRISMA protocol 
and VOSviewer was used to visualize co-authorship, citation, and keyword networks. The results reveal a substantial 
increase in EDT-related publications after 2015, with the United States, China, and Indonesia emerging as leading 
contributors, indicating a growing global research landscape. Thematic analysis identifies five core and interrelated 
dimensions of EDT: technology integration, collaboration and communication, ideation and creativity, human-centered 
design, and systems and sustainability thinking. Despite this growth, empirical investigations and cross-regional 
collaborations remain limited. By integrating systematic and large-scale bibliometric perspectives and contextualizing 
recent studies within a broader historical trajectory (1957–2025), this research provides the first comprehensive 
mapping of EDT’s intellectual development and offers a unified conceptual model to guide future research and 
educational practice. 
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INTRODUCTION  
In recent years, Engineering Design Thinking 

(EDT) has emerged as one of the most influential 
approaches to integrating creativity and analytical 
reasoning within engineering education [1],[2]. The 
increasing interest in EDT reflects a global effort to 
prepare future engineers who can think critically, 
design responsibly, and address complex, real-world 
problems through innovation [3], [4].  

Engineering Design Thinking (EDT) can be 
understood as a human-centered and iterative process 
that merges analytical reasoning, creativity, and systems 
thinking to address real-world engineering challenges 
[5], [6]. It serves both as a pedagogical framework, 
guiding the teaching of design, and as a cognitive 
process that shapes how engineers approach problem-
solving [7], [8]. Rather than following a rigid, linear 
sequence, EDT encourages flexible thinking, constant 
reflection, and continuous prototyping [9], [10]. 

The roots of EDT lie in broader Design Thinking 
(DT) traditions that emerged from the fields of 
industrial and cognitive design. While design thinking 
focuses on creativity and empathy in innovation, EDT 
adapts those same principles to engineering by 
integrating scientific reasoning and technological 

awareness [11], [12]. This makes EDT not just a way to 
generate ideas, but also a method for validating them 
with evidence and functionality. 

EDT combines the flexibility of design thinking 
with the structure of engineering methods. It guides 
learners and practitioners through iterative stages of 
empathizing, ideating, prototyping, and testing, 
encouraging them to move beyond technical efficiency 
and toward socially meaningful design [5],[6]. As 
universities adopt design-based and problem-oriented 
learning models, understanding how EDT has developed 
as a field of study becomes essential for improving both 
teaching and curriculum design [15], [16]. 

From a broader systems perspective, EDT also 
aligns with systems thinking and sustainable design 
paradigms [17], [18]. These perspectives encourage 
future engineers to consider the social and 
environmental impacts of their work, understanding 
design as part of an interconnected system rather than 
as an isolated task [19], [20], [21]. Modern approaches 
such as regenerative design push this even further by 
positioning sustainability not as a constraint, but as a 
creative opportunity. Consequently, EDT provides an 
intellectual framework that balances innovation, ethics, 
and social responsibility in engineering [22], [23].  
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A systematic literature review offers a powerful 
way to capture this evolution. By mapping past and 
present trends, researchers can identify how EDT has 
influenced engineering pedagogy and pinpoint its 
remaining gaps [9],[10]. Moreover, a bibliometric 
approach adds a quantitative layer to this 
understanding by uncovering patterns of authorship, 
collaboration, and citation networks that traditional 
reviews might overlook [26]. 

Previous work has recognized that EDT involves 
multiple dimensions, ranging from contextual and 
procedural aspects to cognitive and affective outcomes 
[4]. However, despite these insights, few studies have 
combined systematic and bibliometric methods to 
examine how EDT research has evolved across time and 
geography [12],[13]. Previous reviews on design 
thinking in engineering education have primarily 
emphasized pedagogical implementation or limited 
bibliometric snapshots of the field [29]. However, none 
have systematically integrated both perspectives across 
a historical continuum. The novelty of this study lies in 
combining a PRISMA-guided Systematic Literature 
Review with bibliometric visualization to capture the 
evolution, distribution, and thematic structure of EDT 
from 2020 to 2025. This dual approach enables a multi-
layered understanding of how EDT research has evolved 
from conceptual foundations to applied and 
interdisciplinary domains. This paper fills that gap by 
providing a long-term overview of how the field has 
grown from its early conceptual foundations in the 
1950s to its contemporary intersections with 
sustainability, digital technologies, and interdisciplinary 
education. 

In education, EDT serves as a pedagogical bridge, 
helping students connect theory to practice [15],[16]. By 
engaging in authentic, open-ended projects, students 
learn not only to solve technical problems but also to 
empathize with users, negotiate team decisions, and 
assess the impact of design [17],[18]. Such learning 
aligns directly with constructivist and experiential 
theories that emphasize knowledge building through 
hands-on experience, reflection, and iterative learning 
[34], [35]. Additionally, EDT supports the broader vision 
of the United Nations’ Sustainable Development Goals 
(SDGs), especially those related to quality education and 
responsible innovation [36], [37].  

Given its growing significance, this study was 
guided by three main research questions: 
1. RQ1: Is Engineering Design Thinking Still Relevant 

for Future Research? 
2. RQ2: What Is the Global Distribution of EDT 

Research? 
3. RQ3: What Are the Theoretical and Practical 

Implications of EDT Research? 
To answer these questions, we conducted a 

hybrid Systematic Literature Review and Bibliometric 
Analysis using the Scopus database, following the 
PRISMA framework for selection and VOSviewer for 
visualization. This combined approach enables us not 
only to quantify publication patterns but also to 
interpret their conceptual meanings. 

Ultimately, this study aims to offer a structured 
and comprehensive picture of EDT’s development over 
nearly seven decades. By synthesizing historical and 
thematic perspectives, we contribute to a clearer 
understanding of how EDT supports innovation in 
engineering education and how it can evolve to meet 
future social, technological, and environmental 
demands. 

RESEARCH METHODS  
1. Research Design 

This study employed a hybrid research design, 
combining a Systematic Literature Review (SLR) 
with a Bibliometric Analysis to capture both the 
qualitative depth and quantitative patterns of 
Engineering Design Thinking (EDT) research. The 
SLR approach provided a structured framework for 
collecting and evaluating literature, while the 
bibliometric component allowed us to identify 
publication trends, citation networks, and emerging 
themes in the field [3], [27]. 

The integration of these two methods offered 
a balanced analysis; the SLR ensured transparency 
and rigor in the review process, whereas the 
bibliometric analysis revealed large-scale patterns 
that could not be captured through qualitative 
synthesis alone. This methodological combination is 
increasingly recognized as an effective strategy for 
mapping knowledge development in 
interdisciplinary fields such as engineering 
education [38]. 

2. Data Source 
Data for this study were collected exclusively 

from the Scopus database, chosen for its extensive 
coverage of peer-reviewed journals and conference 
proceedings across engineering, education, and 
multidisciplinary domains. Scopus was preferred 
over other databases, such as Web of Science, due to 
its of engineering education and technology-related 
studies [39]. The search was conducted on December 
27, 2025, using the keyword "Engineering Design 
Thinking" 

The query was applied to article titles, 
abstracts, and keywords. This search yielded 26.549 
records published between 1957 and 2025, with 
1957 marking the earliest mention of the term 
“design thinking” in engineering contexts [40]. 
Although the initial Scopus search retrieved 
publications spanning from 1957 to 2025, the 
analytical scope of this study was deliberately 
restricted to articles published between 2020 and 
2025. This time window was selected to capture the 
most recent and empirically mature phase of 
Engineering Design Thinking (EDT) research. Earlier 
publications were used solely to provide historical 
and contextual background, particularly for 
illustrating long-term publication trends, and were 
not included in the bibliometric mapping or thematic 
analyses. 

3. Inclusion and Exclusion Criteria 
To ensure data quality and relevance, a set of 

inclusion and exclusion criteria was systematically 
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applied. Eligible studies were required to be written 
in English, explicitly reference Engineering Design 
Thinking (EDT) in the title, abstract, or keywords, 
and be published as peer-reviewed journal articles, 
review papers, or conference proceedings indexed in 
Scopus. The data collection covered all available 
publications up to December 27, 2025. Publications 
written in languages other than English were 
excluded, along with non-scholarly works such as 
editorials, notes, errata, or retracted articles. 
Duplicate records, incomplete bibliographic entries, 

and non-peer-reviewed materials, including books or 
reports without full-text access, were also removed 
from the dataset. 

After applying these criteria, the total dataset 
was reduced from 26.549 to 10.207 records. A 
further round of manual screening identified 893 
documents that met all inclusion criteria and were 
included in the full analysis. To maintain a multi-
stage selection process was employed to filter 
eligible studies. The corresponding selection stages 
and criteria are summarized in Table 1.  

Table 1. Inclusion and Exclusion Criteria 
Criteria Inclusion Exclusion 

Research 
Focus 

Studies explicitly addressing Engineering Design 
Thinking (EDT) in the title, abstract, or keywords 

Studies not related to EDT or lacking 
explicit relevance 

Data Source 
Peer-reviewed publications indexed in the Scopus 
database 

Non-Scopus indexed sources 

Period All available years up to December 27, 2025 
Publications outside the defined 
retrieval scope 

Document 
Type 

Journal articles, review articles, and conference 
papers 

Editorials, notes, errata, retracted 
articles, books, book chapters, 
reports 

Language English 
Non-English publications (e.g., 
Chinese, Spanish, German) 

Publication 
Status 

Final published articles Incomplete bibliographic records 

Data Quality 
Complete metadata (authors, title, abstract, 
keywords, affiliations) 

Duplicate records or incomplete 
bibliographic information 

 
Figure 1. PRISMA Flow Diagram of the Article Selection 

Process 

Figure 1 provides the PRISMA (Preferred 
Reporting Items for Systematic Reviews and Meta-
Analyses) diagram, which outlines the step-by-step 

filtering process from identification to final 
inclusion, ensuring transparency and 
reproducibility. From an initial pool of 26,549 
records, the application of specific keywords related 
to Engineering Design Thinking (EDT) reduced the 
dataset to 11,399 records, indicating that a 
substantial portion of the literature broadly related 
to engineering and design does not explicitly engage 
with EDT as a defined framework. Subsequent 
screening based on document type and language 
further narrowed the dataset to 3,569 records, 
reflecting the study’s emphasis on peer-reviewed 
and accessible English-language sources. The 
eligibility assessment revealed additional structural 
barriers in the literature, with a notable number of 
articles excluded due to paywall restrictions (n = 
2,036) and publications predating the defined 
analytical window (n = 533). The final inclusion of 
893 studies reflects a rigorous multi-stage selection 
process that enhances the methodological 
robustness of the review while also revealing 
practical limitations related to database accessibility. 

After applying the PRISMA protocol, 893 
publications on Engineering Design Thinking (EDT) 
from 2020 to 2025 were analyzed. The bibliometric 
and thematic analyses provide insights into three 
key aspects of EDT research: 
a. Its temporal growth and continued relevance, 

b. Its global and institutional distribution, and 

c. The conceptual and thematic structure emerging 

from the literature. 
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4. Data Extraction and Cleaning 
Bibliographic information was exported from 

Scopus in CSV format, including metadata such as 
authors, titles, publication years, abstracts, 
keywords, citations, and affiliations. The following 
data-cleaning steps were undertaken: 
a. Duplicate Removal: Entries with identical DOIs or 

titles were removed using Microsoft Excel. 

b. Keyword Standardization: Variants such as 

design-thinking and engineering design thinking 

were unified. 

c. Affiliation Standardization: Institution names 

were normalized (e.g., “Purdue Univ.” and 

“Purdue University” were merged). 

d. Manual Verification: Two reviewers 

independently checked inclusion decisions to 

maintain consistency and reduce bias. 

The data extraction and cleaning procedures 
described above represent the operational 
implementation of the inclusion and exclusion 
criteria summarized in Table 1. These procedures 
ensured that the final dataset was accurate, 
coherent, and ready for bibliometric mapping 
ensured that both the SLR and bibliometric analyses 
adhered to recognized standards of scientific 
transparency [28], [41]. 

5. Bibliometric Analysis 
To visualize and quantify relationships within 

the dataset, this study employed VOSviewer (version 
1.6.20), a widely used software for constructing and 
visualizing bibliometric networks. VOSviewer was 
selected due to its effectiveness in mapping large-
scale bibliographic data and its established use in 
Scopus-indexed bibliometric studies [42], [43]. Four 
types of bibliometric analyses were conducted: 
a. Co-authorship Analysis to identify collaboration 

networks among authors, institutions, and 
countries. 

b. Co-citation Analysis to capture the intellectual 
structure of the field by identifying frequently co-
cited authors and sources. 

c. Keyword Co-occurrence Analysis to map 
conceptual themes and thematic clusters based 
on the co-occurrence of author keywords. 

d. Country and Institutional Analysis to examine the 
geographical and organizational distribution of 
Engineering Design Thinking (EDT) research 
output. 

The bibliometric networks were visualized 
using the Visualization of Similarities (VOS) mapping 
technique. In these maps, nodes represent authors, 
institutions, countries, or keywords, while node size 
reflects publication frequency or occurrence. Link 
strength indicates the intensity of collaboration or 
co-occurrence relationships. Clusters of closely 
related nodes were automatically generated, 
revealing dominant research themes and illustrating 
the expansion and structural development of the 
EDT research field over time. RStudio or 
bibliometrix-based statistical analysis was not 

employed, as the study focused on mapping 
relational structures through network-based 
visualization using VOSviewer. 

6. Thematic Synthesis 
In addition to quantitative mapping, a 

thematic synthesis was conducted to interpret the 
underlying meanings and relationships behind the 
identified bibliometric patterns. Firstly, an open 
coding process was applied to extract recurring 
concepts and keywords from article titles and 
abstracts. Secondly, these concepts were organized 
through axial coding into broader analytical 
categories, such as technology integration and 
sustainability. Thirdly, selective coding was 
employed to integrate these categories into a 
cohesive framework that captures the conceptual 
essence of Engineering Design Thinking (EDT) 
research. This synthesis confirmed that EDT 
scholarship is structured around five interrelated 
domains: Technology Integration, Collaboration and 
Communication, Ideation and Creativity, Human-
Centered Design, and Systems and Sustainability 
Thinking. These domains were subsequently 
examined in relation to the research questions.  

7. Ethical Considerations 
Because this study relied exclusively on 

publicly available bibliographic data, no human 
participants or personal information were involved. 
Ethical approval was therefore not required. 
Nonetheless, all data were handled responsibly, and 
each source was cited appropriately to maintain 
academic integrity. 

RESULT AND DISCUSSION 
1. RQ1 – Is Engineering Design Thinking Still 

Relevant for Future Research? 
The analysis confirms that Engineering Design 

Thinking has evolved from an abstract pedagogical 
idea into a well-defined research field. Its early 
stages (1950s–1990s) focused primarily on defining 
design processes and problem-solving frameworks. 
By the mid-2000s, interest shifted toward 
educational applications, culminating in a post-2015 
boom driven by digital transformation and global 
sustainability initiatives. 

The historical publication trend presented in 
Figure 2 clearly indicates that EDT remains a vibrant 
and expanding area of inquiry. It should be noted 
that the historical trend is intended to contextualize 
the field’s evolution, whereas all detailed analyses in 
this section are based exclusively on publications 
from 2020 to 2025. Between 1957 and 2010, 
research output was minimal, consisting mainly of 
conceptual discussions and methodological 
proposals. However, from 2015 onward, the number 
of publications grew exponentially with continued 
growth between 2020 and 2025. This pattern 
demonstrates that EDT has transitioned from a 
conceptual approach into a mature and expanding 
research domain within engineering education.  
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Figure 2. Growth of Engineering Design Thinking Publications (1957–2025) 

The bibliometric data from Scopus shows a 
consistent upward trend in the number of 
publications on EDT. Starting from 19 articles in 
2015, the volume reached its peak in 2025 with 181 
documents. This trend is not merely a statistical 
increase but a reflection of the global educational 
shift toward Industry 4.0 requirements. The primary 
factor driving this growth is the urgent need for 
engineers with both technical process and soft skills, 
such as empathy and creativity [44], [45]. 

This surge corresponds with global 
educational reforms emphasizing innovation, STEM 
integration, and sustainability-driven learning. Three 
key drivers appear to underpin this growth: 
a. Curricular Transformation: Engineering 

programs worldwide began embedding design 

thinking principles into their curricula to foster 

creativity and real-world problem-solving [32]. 

b. Technological Advancements: The emergence of 

AI, digital modeling, and virtual laboratories 

expanded opportunities for applying design-

thinking methodologies [46], [47]. 

c. Global Sustainability Agendas: The alignment of 

EDT with the Sustainable Development Goals 

(SDGs) encouraged research exploring ethical, 

social, and ecological dimensions of engineering 

[36]. 

This evolution reflects broader shifts in 
engineering education, transitioning from 
knowledge transmission to experiential learning 
[48]. Recent studies have emphasized the empirical 
validation of EDT, exploring how it enhances student 
creativity, teamwork, and systems thinking [5], [49]. 
Such research demonstrates the transition from 
theoretical advocacy to measurable educational 
outcomes. 

This longitudinal analysis extends beyond 
previous reviews by tracing the transformation of 
EDT from isolated pedagogical concepts into a 
mature, interdisciplinary framework [50], [51]. It is 
the first to document how Asian countries, 
particularly Indonesia and Malaysia, have emerged 

as active contributors in global EDT research 
networks. This shift illustrates the democratization 
of innovation scholarship, where developing regions 
are no longer passive adopters but are increasingly 
shaping the global discourse on design thinking in 
engineering. 

While research activity is increasing, it still 
lags behind the broader ‘design thinking’ literature 
in terms of publication volume and empirical 
diversity, suggesting that EDT, although conceptually 
mature, remains a developing field with ample room 
for empirical expansion. Its relevance is reinforced 
by its direct contribution to the core objectives of 
modern engineering education: innovation, systems 
awareness, and human-centeredness. These findings 
align with prior studies on the internationalization of 
EDT, which highlight its growing adoption across 
diverse educational contexts [52]. However, this 
study provides a more updated perspective than 
earlier studies that predicted a potential plateau in 
EDT research growth [53]. The implication is that 
EDT is becoming a mandatory competency rather 
than an elective pedagogical choice.  

A key strength of this study lies in its 
integration of systematic literature review and large-
scale bibliometric analysis, allowing for a 
comprehensive and data-driven assessment of EDT’s 
research relevance. However, the study is not 
without limitations. The analysis is limited to 
Scopus-indexed publications, which may 
underrepresent regional or practice-based studies 
published in local or non-indexed outlets. Moreover, 
the focus on publication trends may not fully capture 
the depth of classroom-level implementation of EDT. 

The findings of this study are largely 
consistent with previous research that identifies 
design thinking as an increasingly influential 
framework in engineering education. For example, 
earlier studies by [42] emphasize the growing 
scholarly attention toward design-oriented and 
interdisciplinary research approaches. However, this 
study extends prior work by demonstrating that EDT 
research is no longer concentrated solely in Western 
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contexts but has expanded significantly in Asia, 
particularly in emerging economies. 

Overall, these findings confirm that EDT 
remains highly relevant for future research. The 
sustained growth and global diversification of EDT 
scholarship suggest that it will continue to play a 
critical role in shaping engineering education 
research, particularly in addressing ethical, social, 
and sustainability challenges that characterize 21st-
century engineering practice [20], [54], [55]. 

2. RQ2 – What Is the Global Distribution of EDT 
Research? 
a. Distribution by Country 

Bibliometric mapping revealed that EDT 
scholarship is geographically diverse but 
concentrated within a few leading countries. The 
top ten countries with EDT publications are 
visually shown in Figure 3. 

 
Figure 3. Top Ten Countries by EDT Publications 

The United States leads research on 
Engineering Design Thinking (EDT), reflecting 
long-term investment in design-oriented 
engineering pedagogy. China and the United 
Kingdom follow closely, with both countries 
actively integrating design-thinking approaches 
into national education initiatives. Notably, 
Indonesia, Malaysia, and India also rank among 
the top ten contributors, indicating increasing 
engagement from developing regions. This 
geographical distribution reveals two key 
patterns: established nations continue to shape 
the theoretical foundations and methodological 
directions of EDT research, while emerging 
economies are rapidly adapting and 
contextualizing EDT principles to address local 
educational priorities and innovation challenges. 

Beyond publication volume, the 
bibliometric networks reveal an increasing trend 
in international collaboration, particularly 
between the Global North and South. These 
partnerships allow for localized adaptation of 
design-thinking practices while maintaining 
theoretical alignment with global standards [56]. 
For example, Indonesia’s rise in EDT 
publications reflects government-backed 
innovation programs that connect engineering 

with sustainability education. However, 
collaboration intensity remains uneven. Many 
developing countries participate primarily as 
data contributors rather than research leaders. 
Expanding equitable partnerships and co-
authorship initiatives could enhance diversity 
and innovation in EDT scholarship. 

Such diversification strengthens the 
field’s global impact, though it also reveals a 
need for more cross-regional collaboration and 
knowledge exchange between developed and 
developing contexts. This distribution pattern 
supports prior findings on the decentralization 
of engineering research, which highlight the 
increasing contribution of non-Western 
countries [57]. A weakness found in the 
distribution is the lack of cross-continental 
collaboration; most Indonesian papers are 
authored by local teams, missing the 
opportunity for global knowledge exchange. 

b. Distribution by Institution 
Institutional analysis identified Purdue 

University (United States) as the most prolific 
contributor, followed by Delft University of 
Technology (Netherlands) and Universitas 
Negeri Yogyakarta (Indonesia). 
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Figure 4. Top Contributing Institutions in EDT Research 

The strong representation of Southeast 
Asian institutions suggests that the region has 
become an emerging hub for integrating design 
thinking in engineering education. 
Collaborations between Western and Asian 
universities, as reflected in the VOSviewer co-
authorship networks shown in Figure 4, indicate 
a growing global research ecosystem centered 
on design-based pedagogy. 

Purdue University emerges as the most 
prolific institution, followed by Delft University 
of Technology and Universitas Negeri 
Yogyakarta, indicating both strong 
representation from established Western 
engineering institutions and growing 

contributions from Southeast Asia. The presence 
of institutions such as KLE Technological 
University, Tecnológico de Monterrey, and 
Universiti Teknologi Malaysia further reflects 
the expanding geographic diversity of EDT 
scholarship. However, the overall distribution 
suggests that EDT research leadership remains 
concentrated in a small group of institutions, 
pointing to an uneven institutional landscape. 
This concentration underscores the need to 
broaden institutional participation to strengthen 
global knowledge production and reduce 
regional and institutional disparities in EDT 
research. 

 
Figure 5. International Collaboration Network (VOSviewer Visualization) 

The network visualization shown in 
Figure 5 reveals that authors from the United 
States and Europe frequently serve as central 
connectors, bridging smaller regional research 
communities. These actors occupy structurally 
central positions in the network, indicating their 

role as key knowledge brokers who facilitate the 
flow of theoretical frameworks, methodological 
standards, and collaborative practices across 
regions. The dense clustering around the United 
States suggests its function as a primary hub, 
linking research groups from Asia, Australia, and 
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parts of the Global South, thereby shaping 
dominant research agendas and citation 
pathways in EDT scholarship. 

Emerging regional clusters, particularly 
in Southeast Asia (e.g., Indonesia, Malaysia, and 
the Philippines) and East Asia (e.g., China and 
Taiwan), demonstrate increasing internal 
collaboration as well as selective integration into 
global networks. This pattern reflects a dual 
structure in which global centers maintain 
agenda-setting influence, while peripheral and 

semi-peripheral regions are progressively 
strengthening their regional research 
ecosystems. Overall, the network structure 
highlights both the integrative role of 
transnational collaboration in advancing EDT 
and the persistent asymmetries in global 
knowledge production, underscoring the 
importance of fostering more balanced, multi-
directional partnerships to enhance inclusivity 
and contextual diversity in EDT research. 

c. Distribution by Journal Source 

 
Figure 6. The five most active publication outlets for EDT research 

Figure 6 visually shows the distribution 
of research across various publication outlets, 
revealing a strong concentration in journals 
focused on pedagogical transformation and 
sustainability. The Journal of Engineering 
Education Transformations leads as the most 
prolific venue with 50 publications, followed 
closely by Sustainability (Switzerland) with 48 
publications. These two journals serve as the 
primary hubs for the current discourse. There is 
a secondary tier of active outlets consisting of 
Education Sciences (27 publications), Frontiers 
in Education (22 publications), and the 
International Journal of Technology and Design 
Education (21 publications). This spread 
underscores an interdisciplinary research 
landscape that bridges specific engineering 
education methodologies with broader themes 
of sustainable development and technological 
design. 

The prominence of journals such as 
Sustainability (Switzerland) and Frontiers in 
Education, which have global author pools and 
open-access models, facilitates wider 
participation from researchers in Asia, Latin 
America, and other emerging research regions. 
This helps partially mitigate geographic barriers 
and supports the diffusion of EDT research 
beyond traditional Western centers. However, 
the dominance of a limited number of outlets 
also suggests potential structural asymmetries, 
where scholars from developing regions may 

need to align with the thematic priorities and 
standards of these journals to gain visibility. In 
this sense, outlet concentration not only reflects 
where EDT research is published, but also 
indirectly shapes whose perspectives are 
amplified in the global EDT landscape, 
reinforcing the uneven global distribution 
observed in country and collaboration level 
analysis. 

A strength of this global distribution 
analysis lies in its ability to capture how 
pedagogical emphases are represented across 
regions through publication patterns. However, 
although many of the reviewed studies report 
direct pedagogical evaluations such as 
classroom experiments and pre–post 
assessments, the present analysis captures how 
pedagogical effectiveness is represented in the 
literature rather than assessing learning 
outcomes across countries directly. As a result, 
variations in educational contexts and 
implementation practices may influence how 
these findings translate into practice. 

These findings align with prior studies 
that highlight the global diffusion of design 
thinking in engineering education [1],[2]. 
However, this study extends previous research 
by empirically demonstrating how these 
dimensions co-evolve and reinforce one another 
at a global scale, rather than treating them as 
isolated instructional elements. 
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The global distribution of EDT research 
has important implications for both research 
and policy. The concentration of publications in 
established research nations highlights their 
continued influence in shaping EDT frameworks, 
while the growing contribution from emerging 
economies suggests increasing localization and 
contextual adaptation of EDT practices. For 
future research, this uneven distribution 
underscores the need for stronger cross-regional 
collaboration and comparative studies to better 
understand how EDT is implemented across 
diverse educational systems. 

3. RQ3 – What Are the Theoretical and Practical 
Implications of EDT Research? 

The theoretical implications of EDT are 
further supported by recurring conceptual patterns 
identified in prior definitions, including iteration, 
human-centeredness, systems thinking, and 
collaborative engagement. Across these definitions 
five recurring ideas stand out: 

Iteration and reflection – framing,  
a. design as a recursive and feedback-driven 

process of continuous improvement [58]. 

b. Human-centeredness – solutions guided by 

empathy and user understanding [32]. 

c. Integration of technology and creativity – 

merging analytical and imaginative processes 

[46], [59]. 

d. Systems perspective – considering design within 

broader ethical and ecological contexts [60]. 

e. Collaborative engagement – viewing design as a 

team-based, communicative process [61]. 

Keyword Co-occurrence and Thematic Mapping 
Keyword co-occurrence analysis identified 20 

highly connected terms within the EDT literature. 
The ten most frequent are listed in Table 2, and the 
VOSviewer Co-occurrence Map is captured in Figure 
7.

Table 2. Top Keywords and Total Link Strength (Adapted from VOSviewer Output) 
Rank Keyword Total Link Strength 

1 Engineering Education 2031 
2 Curricula 957 
3 Education Computing 881 
4 Education 728 
5 Design 727 
6 Learning System 720 
7 Design Thinking 632 
8 E-learning 628 
9 Engineering 622 

10 Systems Thinking 493 
Table 2 indicates that EDT research is 

theoretically grounded in the core domains of 
engineering education and curriculum design, as 
reflected by the highest total link strengths for 
Engineering Education and Curricula. This pattern 
suggests that EDT functions not merely as an 
instructional technique but as a curriculum-level 
paradigm that reshapes learning objectives, 
competency frameworks, and instructional 
structures. The strong association with Design 
Thinking and Systems Thinking further implies a 
theoretical shift toward holistic, systems-oriented 
reasoning, positioning EDT as a response to complex, 
socio-technical challenges that cannot be addressed 
through linear problem-solving alone. 

Practically, the prominence of Education 
Computing, Learning System, and E-learning 
demonstrates that EDT is increasingly 
operationalized through digital and technology-
enhanced learning environments. This reflects a 
transition toward hybrid ecosystems that support 
iterative design, rapid prototyping, and collaborative 
feedback. The implication for institutions is that 
successful EDT implementation requires not only 
pedagogical change but also investment in digital 
infrastructure and faculty capacity. Collectively, 
these trends indicate that EDT research is shaping 
both the theoretical foundations of engineering 
education and the practical conditions under which 
future engineers are trained. 
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Figure 7. Keyword Co-occurrence Map (VOSviewer Output) 

The bibliometric visualization reveals that the 
theoretical and practical implications of Engineering 
Design Thinking (EDT) center on an essential 
transition from technical reductionism to a 
multidimensional, human-centric paradigm. 
Theoretically, the strong convergence of engineering 
education, systems thinking, and cognitive processes 
suggests that EDT is no longer a peripheral toolkit 
but a core epistemological bridge that integrates 
psychological empathy with structural rigor, 
redefining how engineering knowledge is 
constructed. Practically, the dense mapping of 21st-
century skills and problem solving underscores a 
critical shift for industry and academia to move 
beyond siloed expertise toward interdisciplinary 
agility. This necessitates the adoption of hybrid 
frameworks where technical solutions are validated 
through the lens of human factors and social impact, 
ensuring that future engineering outputs are not 
only functional but also systemically resilient and 
ethically aligned with complex global challenges. 

These keywords formed five dominant 
conceptual clusters, confirming EDT’s 
multidimensional nature: 
a. Curricular Innovation in Engineering Education 

integrating design thinking into instructional 

design [62], [63]. 

b. Technology-Enhanced Learning linking e-

learning, AI, and computational tools to design 

education [64], [65], [66]. 

c. Human-Centered and Sustainable Design  

embedding ethics and social responsibility into 

technical curricula [20], [53], [67]. 

d. Systems Thinking and Decision Processes 

addressing complexity and uncertainty in design 

environments [20]. 

e. Creativity and Ideation emphasizing divergent 

thinking, imagination, and problem reframing 

[68], [69], [70]. 

The synthesis of 893 articles reveals two 
major implications. Theoretically, EDT is evolving 
into Systems-Design Thinking, merging linear 
engineering logic with non-linear design cycles. The 
theoretical shift to a systems-oriented approach is a 
response to the wicked problems of the 21st century, 
where often generates unintended social and ethical 
consequences. Practically, the transformation of the 
engineer’s identity is from a problem solver to a 
problem seeker [71], [72]. This shift is facilitated by 
low-fidelity prototyping, which reduces students' 
fear of failure. 

Within higher education, EDT has proven to 
be an effective framework for developing both 
technical and non-technical competencies [73], [74]. 
Universities worldwide are shifting from lecture-
based instruction to problem-based, project-based, 
and inquiry-driven learning, where students actively 
construct solutions to open-ended challenges [56]. 
Through these approaches, students not only learn 
engineering concepts but also develop critical 
thinking, adaptability, and teamwork skills [5], [75]. 

For example, when design thinking principles 
are applied in physics or mathematics courses, 
students report higher engagement and better 
conceptual understanding. This occurs because they 
can directly connect theory to practical contexts 
[76]. Moreover, when embedded in robotics, 
renewable energy, or sustainability projects, EDT 
helps learners integrate knowledge from multiple 
disciplines while fostering innovation and 
environmental awareness [60], [77]. Overall, EDT 
supports a shift from teacher-centered instruction to 
learner-centered construction of knowledge, aligning 
closely with 21st-century skill development and 
global education reform [78], [79]. 

These implications align with prior studies 
that emphasize EDT’s role in developing resilient 
engineering graduates [80]. Our study adds a new 
contribution by identifying "Digital Prototyping 
(VR/AR)" as a practical game-changer in the 
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iteration phase [81]. A strength of this discussion is 
its direct link to graduate employability [82], while a 
weakness is the difficulty in standardizing EDT 
assessment across different engineering disciplines 
[83]. 

Integrating Core EDT Dimensions 
Scholars have consistently highlighted five 

foundational attributes that define successful 
implementation of EDT: 
a. Technology Integration – using digital tools and 

AI-driven systems to enhance design and 

prototyping [84], [85].  

b. Collaboration and Communication – developing 

teamwork and interdisciplinary dialogue [61], 

[86]. 

c. Ideation and Creativity – encouraging flexible 

thinking and imaginative problem-solving [87], 

[88]. 

d. Human-Centered Design – prioritizing empathy 

and usability in design processes [9], [14].  

e. Systems and Sustainability Thinking – 

incorporating ethical, social, and ecological 

awareness [89], [90]. 

 
Figure 8. Conceptual Model of Engineering Design Thinking Attributes 

The five attributes of Engineering Design 
Thinking (EDT) as illustrated in Figure 8, constitute a 
holistic and interconnected model rather than 
isolated competencies. Technology Integration 
supports visualization, simulation, and rapid 
prototyping processes [91], while Collaboration and 
Communication ensure that problem-solving 
remains inclusive and interdisciplinary [92]. 
Ideation and Creativity enable both divergent and 
convergent thinking essential for innovation [93], 
whereas Human-Centered Design anchors 
engineering practices in empathy and user 
experience [79]. Systems and Sustainability Thinking 
further embeds social responsibility and long-term 
considerations into technical decision-making [94]. 
Collectively, these dimensions form an integrative 
framework that aligns technical excellence with 
ethical awareness and societal values, reflecting 
competencies increasingly emphasized in 21st-
century engineering education [95], [96]. 

Recent technological advancements have 
revolutionized how design thinking is taught and 
practiced in engineering. The integration of Artificial 
Intelligence (AI), Augmented Reality (AR), and 
computational modeling has created new 
opportunities for simulation, rapid prototyping, and 
collaborative experimentation [97], [98]. The 
adoption of TRIZ (the Theory of Inventive Problem 
Solving) has further strengthened EDT by 
introducing structured creative techniques that help 

students break mental barriers and generate 
innovative ideas [84]. Similarly, AI-assisted modeling 
now supports ideation by automatically generating 
multiple design alternatives, allowing learners to 
focus on evaluating and refining the best ones [85]. 

Collaboration is a cornerstone of effective 
engineering design. EDT encourages cross-
disciplinary teamwork that brings together 
technical, social, and creative perspectives [61]. In 
project-based settings, students engage in 
discussions, share feedback, and collectively refine 
their ideas on mirroring how professional 
engineering teams work [99], [100]. Communication 
skills complement collaboration by ensuring that 
complex ideas can be articulated clearly to diverse 
audiences [101]. As digital tools evolve, virtual 
platforms are increasingly used for documentation, 
visualization, and discussion, making remote or 
hybrid design collaboration feasible [102], [103].  

Human-Centered Design (HCD) has become a 
defining pillar of EDT. It focuses on empathy, 
inclusion, and usability, ensuring that engineering 
solutions genuinely respond to human needs [104], 
[105]. Designers often begin by engaging with users 
through interviews or participatory workshops, 
allowing them to gain deep insights into user 
experiences and constraints [106]. Iterative 
prototyping then helps to validate these insights, 
ensuring functionality and satisfaction [14]. 
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At the same time, sustainability thinking 
extends EDT’s relevance to global challenges. By 
integrating life-cycle assessment and ethical 
reflection into the design process, engineers can 
minimize environmental impact and promote long-
term well-being [89], [90]. The convergence of HCD 
and sustainability represents a shift from problem-
solving to problem-framing, encouraging engineers to 
question what should be designed and why. 
Ultimately, EDT nurtures a mindset that combines 
empathy with responsibility. It empowers future 
engineers to create solutions that are not only 
technically sound but also socially meaningful and 
environmentally just. 

Research Gaps and Future Directions 
Despite its growth, EDT research faces several 

gaps: 
a. Regional Concentration: Most studies come from 

developed nations, while local applications in 

developing contexts remain underexplored [107]. 

b. Empirical Evidence: Many works remain 

conceptual; more longitudinal and experimental 

designs are needed [108]. 

c. Measurement Tools: There is no standardized 

framework for assessing EDT learning outcomes 

[109]. 

d. Interdisciplinary Integration: Limited work 

connects EDT with cognitive science, 

environmental systems, or digital ethics [110]. 

Future studies should address these gaps 
through cross-cultural comparisons, multi-method 
research, and AI-assisted analysis. Such directions 
would deepen understanding of how EDT shapes not 
only learning but also professional identity and 
innovation capacity. 

CONCLUSION  
This study aimed to map the evolution of 

Engineering Design Thinking (EDT) research by 
combining a Systematic Literature Review (SLR) and a 
Bibliometric Analysis of publications indexed in Scopus 
from 2020 to 2025. Through this hybrid approach, we 
examined publication trends, global contributions, and 
conceptual structures that define EDT as both a 
pedagogical framework and a field of inquiry. The 
analysis revealed a steady and significant rise in EDT 
publications, particularly after 2015, reflecting the 
growing emphasis on creativity, sustainability, and 
human-centered learning in engineering education. The 
United States, China, and Indonesia emerged as the 
leading contributors, demonstrating a shift toward more 
globalized research collaboration. 

The bibliometric results identified five 
interrelated attributes that characterize successful EDT 
implementation: Technology Integration, Collaboration 
and Communication, Ideation and Creativity, Human-
Centered Design, and Systems and Sustainability 
Thinking. These dimensions form a coherent model that 
connects technical problem-solving with ethical 
awareness and social responsibility. To our knowledge, 

this is the first comprehensive and time-bounded 
synthesis of Engineering Design Thinking research that 
integrates systematic and bibliometric perspectives. By 
mapping publications across 68 years and introducing a 
five-attribute conceptual model, this study offers a new 
perspective on EDT’s intellectual development. It not 
only highlights shifts in thematic focus and global 
participation but also establishes a foundation for future 
empirical and comparative studies in engineering 
education. 
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