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Bibliographic-Coupling Front Profiles: Descriptive Cumulative Analysis, 2015–2025
Table S23 reports all 12 contemporary fronts under the frozen descriptive cumulative 2015–2025 coupling specification. Each front is presented as a readable profile block. Labels are interpretive summaries rather than statistical tests, quality judgments, or maturity rankings. F12 consists entirely of two 2025 publications.
Illustrative-publication titles are reproduced in full when they appear in the 55-publication characterization register; otherwise the frozen profile output retains an abbreviated title indicated by an ellipsis.
Table S23
Profiles of the 12 Bibliographic-Coupling Fronts, Descriptive Cumulative Analysis, 2015–2025
F1. Engineering Education 5.0, Competencies, Sustainability, and PBL
	Profile element
	Description

	Documents
	52

	Mean publication year
	2020.9

	Leading terms
	engineering education | Industry 4.0 | sustainable development | higher education | project-based learning

	Leading publication sources
	ASEE Annual Conference and Exposition, Conference Proceedings | International Journal of Engineering Education | International Journal of Sustainability in Higher Education | Sustainability (Switzerland) | Journal of Professional Issues in Engineering Education and Practice

	Illustrative publications
	Forcael E. (2018) — How do we teach? A practical guide for engineering educators | Forcael E. (2019) — Theory of Teaching Techniques Used in Civil Engineering Programs | Garcés G. (2025) — Future engineering competencies for a sustainable world: an integral framework for engineering education in the Industry 4.0 era | Forcael E. (2023) — Convergence of Educational Paradigms into Engineering Education 5.0 | Forcael E. (2022) — Relationship between Professional Competencies Required by Engineering Students According to ABET and CDIO and Teaching-Learning Techniques

	Leading or observed co-citation base
	B1 — Pedagogies, learning styles, CDIO, and engineering formation

	Base share
	63.4%

	Bridge coverage
	88.5%

	Rule-based classification
	Dominant bridge


F2. Innovation, Entrepreneurship, Thinking Styles, and Graduate Profiles
	Profile element
	Description

	Documents
	24

	Mean publication year
	2020.5

	Leading terms
	engineering education | teaching and evaluation methods | thinking styles | entrepreneurship | Industry 4.0 | innovation skills

	Leading publication sources
	ASEE Annual Conference and Exposition, Conference Proceedings | 2017 Research in Engineering Education Symposium, REES 2017 | Formación Universitaria | International Journal of Engineering Education | Journal of Engineering Education

	Illustrative publications
	Hilliger I. (2017) — What is the theoretical basis of entrepreneurial learning in engineering education? A case study analysis using constructivism | Rivera F.M.-L. (2020) — The sustainable development goals (SDGs) as a basis for innovation skills for engineers in the industry 4.0 context | Gaete-Peralta C. (2021) — Ideal preferences for thinking styles in Engineering graduates: Educational proposals to… | Gaete-Peralta C. (2021) — Engineering graduation profiles and thinking styles: Educational proposals to strengthen… | Rivera F.C.M.-L. (2021) — Proposal for the construction of innovation skills in engineering education in the conte…

	Leading or observed co-citation base
	B4 — Project-based learning, design thinking, and educational reform

	Base share
	51.1%

	Bridge coverage
	87.5%

	Rule-based classification
	Mixed bridge


F3. Trajectories, Belonging, Diversity, and Attrition Analytics
	Profile element
	Description

	Documents
	16

	Mean publication year
	2022.7

	Leading terms
	higher education | engineering education | process mining | educational innovation | educational trajectories | high-failure-rate courses | late dropout

	Leading publication sources
	ASEE Annual Conference and Exposition, Conference Proceedings | IEEE Global Engineering Education Conference, EDUCON | CEUR Workshop Proceedings | Applied Sciences (Switzerland) | Education Sciences

	Illustrative publications
	Salazar-Fernandez J.P. (2019) — Influence of student diversity on educational trajectories in engineering high-failure rate courses that lead to late dropout | Salazar-Fernandez J.P. (2019) — Describing educational trajectories of engineering students in individual high-failure rate courses that lead to late dropout | Quezada-Espinoza M. (2024) — Exploring Self-Efficacy and Sense of Belonging in Engineering: The Role of Institutio… | Saavedra-Acuna C. (2024) — Analyzing Attrition: Predictive Model of Dropout Causes among Engineering Students | Gwynn C.P. (2024) — Building shared visions on gender in an Engineering School with Lego® Serious Play®: a pilot s…

	Leading or observed co-citation base
	B2 — Active learning, faculty development, and qualitative inquiry

	Base share
	93.5%

	Bridge coverage
	93.8%

	Rule-based classification
	Dominant bridge


F4. Augmented Reality and Technology Acceptance
	Profile element
	Description

	Documents
	11

	Mean publication year
	2021.6

	Leading terms
	augmented reality | education | engineering | technology acceptance | active role | trust | interactive app

	Leading publication sources
	Formación Universitaria | Interactive Learning Environments | Electronics (Switzerland) | IEEE Transactions on Learning Technologies | Estudios Pedagógicos

	Illustrative publications
	Álvarez-Marín A. (2023) — The acceptance of augmented reality in engineering education: the role of technology optimism and technology innovativeness | Álvarez-Marín A. (2021) — Technology acceptance of an interactive augmented reality app on resistive circuits for engineering students | Alvarez-Marin A. (2021) — Augmented Reality and Engineering Education: A Systematic Review | Villca S.R.C. (2023) — Influence of academic leadership in meaningful learning of students of the Faculty of Engin… | Alvarez-Marin A. (2020) — Intention to use an interactive AR app for engineering education

	Leading or observed co-citation base
	B3 — Technology acceptance, augmented reality, and academic discourse

	Base share
	89.3%

	Bridge coverage
	81.8%

	Rule-based classification
	Dominant bridge


F5. Academic and Professional Writing in Engineering
	Profile element
	Description

	Documents
	10

	Mean publication year
	2022.2

	Leading terms
	macro-genre | student genre | academic writing | academic discourse | Spanish Specific Purposes | academic and professional Spanish language | analysis of situated genre

	Leading publication sources
	Moderna Sprak | Language Value | Círculo de Lingüística Aplicada a la Comunicación | Frontiers in Psychology | Revista de Estudos da Linguagem

	Illustrative publications
	Insúa E.S. (2024) — Macro-genres in academic training in the field of engineering: Mapping for the textual description of academic Spanish; [Macrogéneros en la formación académica en el área de ingeniería: una cartografía para la descripción textual del español académico] | Insúa E.S. (2020) — Maps of student genres in engineering: A didactic model for teaching academic and professional Spanish language | Marinkovich J. (2018) — The process of academic literacy in Civil Engineering Computer Science. An approach to aca… | Sologuren E. (2023) — Student writing in the engineering curriculum: discursive rhetorical model of the laboratory… | Venegas R. (2023) — Towards the Determination of the Quality of Argumentative Essays From the Lexical-Grammatical…

	Leading or observed co-citation base
	B3 — Technology acceptance, augmented reality, and academic discourse

	Base share
	93.1%

	Bridge coverage
	90.0%

	Rule-based classification
	Dominant bridge


F6. Engineering Pedagogy and Digital Faculty Development
	Profile element
	Description

	Documents
	10

	Mean publication year
	2021.0

	Leading terms
	engineering pedagogy | university teacher training | online learning during COVID-19 | university online teaching-learning | needs-oriented engineering pedagogy | online learning | emergency online learning

	Leading publication sources
	International Journal of Engineering Pedagogy | Advances in Intelligent Systems and Computing | Lecture Notes in Networks and Systems | Vysshee Obrazovanie v Rossii | International Symposium on Project Approaches in Engineering Education

	Illustrative publications
	Gormaz-Lobos D. (2022) — Perceptions of Teaching Staff About the Online Learning in Engineering During SARS CoV Pandemic | Gormaz-Lobos D. (2022) — Attitudes and Perceptions of Teaching Staff About the Online Learning During the COVID-19 Pandemic: A Case Study of Engineering Education | Gormaz-Lobos D. (2021) — Evaluation results of an online teacher training course specialized in engineering education | Galarce-Miranda C. (2023) — Improving the Digital and Pedagogical Competence in Engineering Educational Context | Gormaz-Lobos D. (2021) — Online engineering education: A proposal for specialization of the teacher training in en…

	Leading or observed co-citation base
	None observed

	Base share
	—

	Bridge coverage
	0.0%

	Rule-based classification
	No observed bridge


F7. Gamification and Serious Games in Software Engineering
	Profile element
	Description

	Documents
	8

	Mean publication year
	2020.1

	Leading terms
	gamification | class diagram | serious games | software engineering course | software engineering | 21st-century skills

	Leading publication sources
	International Journal of Engineering Education | Research Anthology on Developments in Gamification and Game-Based Learning | Latin American Women and Research Contributions to the IT Field | International Journal of Software Engineering and Knowledge Engineering | Proceedings of the International Conference on Software Engineering and Knowledge Engineering, SEKE

	Illustrative publications
	Marín B. (2021) — Lessons learned about gamification in software engineering education | Marín B. (2020) — Lessons learned about gamification in software engineering education | Marín B. (2018) — Learning Conceptual Modeling Design Through the Classutopia Serious Game | Larenas F. (2018) — Classutopia: A serious game for conceptual modeling design | Pascual R. (2023) — Improving and Assessing Self-Awareness of Undergraduate Mechanical Engineering Students: A Cas…

	Leading or observed co-citation base
	B1 — Pedagogies, learning styles, CDIO, and engineering formation

	Base share
	50.0%

	Bridge coverage
	12.5%

	Rule-based classification
	Low-coverage bridge


F8. Emerging Technologies and Motivational Design
	Profile element
	Description

	Documents
	5

	Mean publication year
	2023.4

	Leading terms
	motivation | engineering education | ARCS | education | emerging technologies | engineering | Arduino Science Journal | comparative study

	Leading publication sources
	Proceedings - International Conference of the Chilean Computer Science Society, SCCC | IEEE Access

	Illustrative publications
	Laurens-Arredondo L.A. (2023) — Exploring the potential of emerging technologies as pedagogical tools for engineering education | Laurens-Arredondo L.A. (2023) — Arduino Science Journal for engineering education: A comparative study of stimulated motivation before, during, and after the pandemic | Laurens-Arredondo L. (2025) — Exploring Student Perceptions of 3D Printing in Project Evaluation Learning for Engi… | Laurens-Arredondo L. (2025) — Enhancing Creativity through Augmented Reality: An Educational Experience in Industr… | Ancan Bastias O. (2021) — Evaluation of Critical Thinking in Online Software Engineering Teaching: A Systematic Ma…

	Leading or observed co-citation base
	None observed

	Base share
	—

	Bridge coverage
	0.0%

	Rule-based classification
	No observed bridge


F9. Ethics, Social Justice, and Sustainability
	Profile element
	Description

	Documents
	5

	Mean publication year
	2019.2

	Leading terms
	engineering | engineering education | engineering ethics | simulation modeling | social justice

	Leading publication sources
	International Journal of Engineering Pedagogy | ACM International Conference Proceeding Series | Global Journal of Engineering Education | Journal of Cleaner Production

	Illustrative publications
	Jiménez P.P. (2020) — Educating engineers under a social justice perspective | Jiménez P. (2019) — Towards a pedagogical model of social justice in engineering education | Herrera R.F. (2018) — BIM and teamwork of civil engineering students: A case study | Gómez M.A. (2021) — Key management skills for integral civil engineering education | Hugé J. (2018) — Maturation of sustainability in engineering faculties – From emerging issue to strategy?

	Leading or observed co-citation base
	B2 — Active learning, faculty development, and qualitative inquiry

	Base share
	75.0%

	Bridge coverage
	80.0%

	Rule-based classification
	Dominant bridge


F10. Learning Styles and Role-playing in Software Engineering
	Profile element
	Description

	Documents
	4

	Mean publication year
	2023.8

	Leading terms
	rapid review | role playing | software engineering education | Kolb's Learning Styles Inventory | learning styles | taxonomy | software development roles

	Leading publication sources
	SN Computer Science | Communications in Computer and Information Science | Proceedings - 2024 50th Latin American Computing Conference, CLEI 2024 | Proceedings - International Conference of the Chilean Computer Science Society, SCCC

	Illustrative publications
	Hidalgo M. (2024) — Challenges to Applying Role Playing in Software Engineering Education: A Taxonomy Derived from a Rapid Literature Review | Hidalgo M. (2024) — Challenges to Use Role Playing in Software Engineering Education: A Rapid Review | Hidalgo M. (2024) — Mapping Kolb's Learning Style to Roles in Software Development Team | Hidalgo M. (2023) — How Software Architects Learn: A pilot study of their learning style in Kolb's Learning Styles…

	Leading or observed co-citation base
	B1 — Pedagogies, learning styles, CDIO, and engineering formation

	Base share
	100.0%

	Bridge coverage
	25.0%

	Rule-based classification
	Concentrated but low coverage


F11. Mathematics Education in Business Engineering
	Profile element
	Description

	Documents
	3

	Mean publication year
	2024.0

	Leading terms
	business engineering | derivative | engineering education | ICT | instructional process | mathematics education | ontosemiotic approach | engineering

	Leading publication sources
	Bolema - Mathematics Education Bulletin | Uniciencia | Eurasia Journal of Mathematics, Science and Technology Education

	Illustrative publications
	Galindo Illanes M.K. (2023) — Significados da derivada nos livros didáticos dos cursos de Engenharia Comercial no Chile; [Significados de la derivada en los libros de texto de las carreras de Ingeniería Comercial en Chile] | Illanes M.K.G. (2024) — Instructional Process of the Derivative Applied in Business Engineering Students in Chile; [Processo de instrução do derivado aplicado a estudantes de engenharia de negócios no Chile]; [Proceso de instrucción de la derivada aplicado a estudiantes de Ingeniería Comercial en Chile] | Illanes M.K.G. (2025) — Characterization of sub-fields of derivative problems in engineering textbooks

	Leading or observed co-citation base
	None observed

	Base share
	—

	Bridge coverage
	0.0%

	Rule-based classification
	No observed bridge


F12. Digital Twins and Immersive Laboratories
	Profile element
	Description

	Documents
	2

	Mean publication year
	2025.0

	Leading terms
	combustion-less engine | digital twins | education | engineering education | Industry 4.0 | IoT | virtual reality | real-time sensing

	Leading publication sources
	Applied Sciences (Switzerland) | Proceedings - 2025 51st Latin American Computer Conference, CLEI 2025

	Illustrative publications
	Norambuena N. (2025) — Integrating Digital Twins of Engineering Labs into Multi-User Virtual Reality Environments | Norambuena N. (2025) — Integration of Digital Twins in Multi-User Virtual Reality Environments for Technical Education in Engineering

	Leading or observed co-citation base
	None observed

	Base share
	—

	Bridge coverage
	0.0%

	Rule-based classification
	No observed bridge


Note. Front labels summarize the descriptive coupling solution and do not constitute statistical tests or rankings. Base share is the within-front distribution of observed bridge links; bridge coverage is the percentage of front publications with at least one link to a selected co-citation base. PBL = project-based learning; CDIO = Conceive-Design-Implement-Operate; ICT = information and communication technology; IoT = Internet of Things; ARCS = Attention-Relevance-Confidence-Satisfaction.
Purposively Selected 55-Publication Sample and Verification Register
The sample was purposive. The table documents selection paths, coding bases, and verification status; it does not support corpus-wide prevalence estimates, causal claims, comparative quality judgments, or educational-effectiveness conclusions.
A human-readable registry of all 451 publications included in the review will be included in the anonymized reproducibility repository deposit. Licensed database exports, article full texts, and other restricted source records will not be redistributed.
Selection-path notation: Tn:k identifies the kth selected exemplar from thematic cluster n; Cn:k identifies the kth selected exemplar from coupling front n; B:k identifies bridge-document rank; R:k identifies recent-central-document rank; AUG identifies a contrast case added to improve source, language, or early-period representation.
Table S24
Purposively Selected 55-Publication Sample, Selection Path, Coding Basis, and Verification Status
	Document
	Title
	Year
	Canonical database source
	Language
	Selection path
	Coding basis
	Verification status

	1
	A methodology for improving active learning engineering courses with a large number of students and teachers through feedback gathering and iterative refinement
	2015
	WoS
	English
	selection reasons: contrast_source_language_period; selection ranks: AUG
	Full text checked for flagged categories
	Required; completed

	2
	Developing students’ aptitudes through university-industry collaboration; [Desarrollo de las habilidades de los alumnos a través de la colaboración entre Industria y Universidad]
	2015
	Scopus
	English
	selection reasons: thematic_cluster_4; selection ranks: T4:2
	Full text checked for flagged categories
	Required; completed

	3
	TLS aimed to stimulate the attainment of a metacognitive strategy on kinematics models, within a cooperative learning approach
	2015
	SciELO
	English
	selection reasons: contrast_source_language_period; selection ranks: AUG
	Full text checked for flagged categories
	Required; completed

	4
	TRAINING FOR HOLISTIC ENGINEERS: COMPREHENSIVE ONTOLOGICAL LEARNING MODEL
	2015
	WoS
	English
	selection reasons: contrast_source_language_period; selection ranks: AUG
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	5
	Understanding of lifelong learning by engineering instructors
	2015
	Scopus
	English
	selection reasons: thematic_cluster_6; selection ranks: T6:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	6
	Autoeficacia, Prácticas de Aprendizaje Autorregulado y Docencia para fomentar el Aprendizaje Autorregulado en un Curso de Ingeniería de Software
	2016
	SciELO
	Spanish
	selection reasons: contrast_source_language_period; selection ranks: AUG
	Full text checked for flagged categories
	Required; completed

	7
	What is the theoretical basis of entrepreneurial learning in engineering education? A case study analysis using constructivism
	2017
	Scopus
	English
	selection reasons: coupling_front_2; selection ranks: C2:1
	Title, abstract, and author keywords
	Required; full text unavailable

	8
	How do we teach? A practical guide for engineering educators
	2018
	Scopus
	English
	selection reasons: bridge_document | coupling_front_1; selection ranks: C1:1 | B:4
	Title, abstract, and author keywords
	Required; full text unavailable

	9
	Clima de enseñanza favorecedor del aprendizaje. Un estudio en la Facultad de Ingeniería de la Universidad de Atacama
	2019
	SciELO
	Spanish
	selection reasons: contrast_source_language_period; selection ranks: AUG
	Full text checked for flagged categories
	Required; completed

	10
	Describing educational trajectories of engineering students in individual high-failure rate courses that lead to late dropout
	2019
	Scopus
	English
	selection reasons: coupling_front_3; selection ranks: C3:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	11
	Influence of student diversity on educational trajectories in engineering high-failure rate courses that lead to late dropout
	2019
	Scopus
	English
	selection reasons: coupling_front_3 | thematic_cluster_9; selection ranks: T9:2 | C3:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	12
	Theory of Teaching Techniques Used in Civil Engineering Programs
	2019
	Scopus
	English
	selection reasons: coupling_front_1; selection ranks: C1:2
	Full text checked for flagged categories
	Required; completed

	13
	Towards a pedagogical model of social justice in engineering education
	2019
	Scopus
	English
	selection reasons: coupling_front_9; selection ranks: C9:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	14
	Educating engineers under a social justice perspective
	2020
	Scopus
	English
	selection reasons: coupling_front_9; selection ranks: C9:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	15
	Is teamwork different online versus face-to-face? A case in engineering education
	2020
	Scopus
	English
	selection reasons: thematic_cluster_2; selection ranks: T2:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	16
	Lessons learned about gamification in software engineering education
	2020
	Scopus
	English
	selection reasons: coupling_front_7; selection ranks: C7:2
	Title, abstract, and author keywords
	Required; full text unavailable

	17
	Maps of student genres in engineering: A didactic model for teaching academic and professional Spanish language
	2020
	Scopus
	English
	selection reasons: coupling_front_5; selection ranks: C5:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	18
	Modeling trajectories to understand the delayed completion of sequential curricula undergraduate programs
	2020
	Scopus
	English
	selection reasons: thematic_cluster_9; selection ranks: T9:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	19
	Proposal of competencies for engineering education to develop water infrastructure based on “Nature-Based Solutions” in the urban context
	2020
	Scopus
	English
	selection reasons: contrast_source_language_period; selection ranks: AUG
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	20
	The sustainable development goals (SDGs) as a basis for innovation skills for engineers in the industry 4.0 context
	2020
	Scopus
	English
	selection reasons: coupling_front_2; selection ranks: C2:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	21
	Augmented Reality and Engineering Education: A Systematic Review
	2021
	Scopus
	English
	selection reasons: bridge_document; selection ranks: B:6
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	22
	Evaluation results of an online teacher training course specialized in engineering education
	2021
	Scopus
	English
	selection reasons: thematic_cluster_7; selection ranks: T7:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	23
	Lessons learned about gamification in software engineering education
	2021
	Scopus
	English
	selection reasons: coupling_front_7; selection ranks: C7:1
	Title, abstract, and author keywords
	Required; full text unavailable

	24
	Module Proposal in Mechanical Engineering Based on Project Based Learning
	2021
	Scopus
	English
	selection reasons: bridge_document; selection ranks: B:8
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	25
	Technology acceptance of an interactive augmented reality app on resistive circuits for engineering students
	2021
	Scopus
	English
	selection reasons: coupling_front_4; selection ranks: C4:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	26
	Attitudes and Perceptions of Teaching Staff About the Online Learning During the COVID-19 Pandemic: A Case Study of Engineering Education
	2022
	Scopus
	English
	selection reasons: coupling_front_6; selection ranks: C6:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	27
	Perceptions of Teaching Staff About the Online Learning in Engineering During SARS CoV Pandemic
	2022
	Scopus
	English
	selection reasons: coupling_front_6; selection ranks: C6:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	28
	Relationship between Professional Competencies Required by Engineering Students According to ABET and CDIO and Teaching-Learning Techniques
	2022
	Scopus
	English
	selection reasons: bridge_document; selection ranks: B:5
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	29
	Social Factors Linked to Uncertainty in the Online Educational Context in First-Year Engineering Students
	2022
	Scopus
	Spanish
	selection reasons: thematic_cluster_2; selection ranks: T2:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	30
	Arduino Science Journal for engineering education: A comparative study of stimulated motivation before, during, and after the pandemic
	2023
	Scopus
	Spanish
	selection reasons: coupling_front_8; selection ranks: C8:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	31
	Classical paradigms versus complexity thinking in engineering education: an essential discussion in the education for sustainable development
	2023
	Scopus
	English
	selection reasons: contrast_source_language_period; selection ranks: AUG
	Title, abstract, and author keywords
	Required; full text unavailable

	32
	Convergence of Educational Paradigms into Engineering Education 5.0
	2023
	Scopus
	English
	selection reasons: recent_central_document; selection ranks: R:6
	Full text checked for flagged categories
	Required; completed

	33
	Exploring the potential of emerging technologies as pedagogical tools for engineering education
	2023
	Scopus
	Spanish
	selection reasons: coupling_front_8; selection ranks: C8:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	34
	Learning Models for Higher Education in Engineering: Motivation, Self-Determination, and the Role of Information and Communication Technologies
	2023
	Scopus
	English
	selection reasons: thematic_cluster_1; selection ranks: T1:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	35
	Significados da derivada nos livros didáticos dos cursos de Engenharia Comercial no Chile; [Significados de la derivada en los libros de texto de las carreras de Ingeniería Comercial en Chile]
	2023
	Scopus
	Spanish
	selection reasons: coupling_front_11; selection ranks: C11:1
	Full text checked for flagged categories
	Required; completed

	36
	The acceptance of augmented reality in engineering education: the role of technology optimism and technology innovativeness
	2023
	Scopus
	English
	selection reasons: coupling_front_4 | recent_central_document; selection ranks: C4:1 | R:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	37
	Challenges to Applying Role Playing in Software Engineering Education: A Taxonomy Derived from a Rapid Literature Review
	2024
	Scopus
	English
	selection reasons: coupling_front_10; selection ranks: C10:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	38
	Challenges to Use Role Playing in Software Engineering Education: A Rapid Review
	2024
	Scopus
	English
	selection reasons: coupling_front_10; selection ranks: C10:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	39
	Continuing education program and its relationship with the mental health of engineering faculty members
	2024
	Scopus
	English
	selection reasons: thematic_cluster_1; selection ranks: T1:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	40
	Instructional Process of the Derivative Applied in Business Engineering Students in Chile; [Processo de instrução do derivado aplicado a estudantes de engenharia de negócios no Chile]; [Proceso de instrucción de la derivada aplicado a estudiantes de Ingeniería Comercial en Chile]
	2024
	Scopus
	Spanish
	selection reasons: coupling_front_11; selection ranks: C11:2
	Full text checked for flagged categories
	Required; completed

	41
	Macro-genres in academic training in the field of engineering: Mapping for the textual description of academic Spanish; [Macrogéneros en la formación académica en el área de ingeniería: una cartografía para la descripción textual del español académico]
	2024
	Scopus
	Spanish
	selection reasons: coupling_front_5 | recent_central_document; selection ranks: C5:1 | R:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	42
	Participatory pedagogies enhance engineering education for sustainability
	2024
	Scopus
	English
	selection reasons: thematic_cluster_6; selection ranks: T6:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	43
	STUDENT EXPERIENCE IN ENGINEERING. A REVIEW OF IBERO-AMERICAN AND CHILEAN LITERATURE; [EXPERIENCIA ESTUDIANTIL EN INGENIERÍA. UN ANÁLISIS DE LA LITERATURA EN IBEROAMÉRICA Y CHILE]
	2024
	Scopus
	Spanish
	selection reasons: bridge_document; selection ranks: B:3
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	44
	A Predictive Model for Academic Performance in Engineering Students
	2025
	Scopus
	English
	selection reasons: thematic_cluster_8; selection ranks: T8:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	45
	Active learning in engineering education: Insights from a faculty development program in higher education
	2025
	Scopus
	English
	selection reasons: bridge_document; selection ranks: B:2
	Full text checked for flagged categories
	Required; completed

	46
	Development of Entrepreneurial Competencies in Engineering Students: A Comparative Analysis between In-Person and Online Education
	2025
	Scopus
	English
	selection reasons: thematic_cluster_3; selection ranks: T3:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	47
	From Mapping to Action: SmartRubrics, an AI Tool for Competency-Based Assessment in Engineering Education
	2025
	Scopus
	English
	selection reasons: bridge_document; selection ranks: B:7
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	48
	Future engineering competencies for a sustainable world: an integral framework for engineering education in the Industry 4.0 era
	2025
	Scopus
	English
	selection reasons: bridge_document | recent_central_document; selection ranks: B:1 | R:3
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	49
	Integrating Digital Twins of Engineering Labs into Multi-User Virtual Reality Environments
	2025
	Scopus
	English
	selection reasons: coupling_front_12 | recent_central_document | thematic_cluster_5; selection ranks: T5:1 | C12:1 | R:4
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	50
	Integration of Digital Twins in Multi-User Virtual Reality Environments for Technical Education in Engineering
	2025
	Scopus
	English
	selection reasons: coupling_front_12 | recent_central_document | thematic_cluster_5; selection ranks: T5:2 | C12:2 | R:5
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	51
	International perspectives on educational tool design: a user testing toolkit case
	2025
	Scopus
	English
	selection reasons: thematic_cluster_7; selection ranks: T7:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	52
	Navigating Ambivalence: Artificial Intelligence and Its Impact on Student Engagement in Engineering Education
	2025
	WoS
	English
	selection reasons: thematic_cluster_4; selection ranks: T4:1
	Full text checked for flagged categories
	Required; completed

	53
	Optimizing University Admission Processes for Improved Educational Administration Through Feature Selection Algorithms: A Case Study in Engineering Education
	2025
	Scopus
	English
	selection reasons: thematic_cluster_8; selection ranks: T8:1
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification

	54
	PEUMO: COMPUTATIONAL TOOL TO SUPPORT ACADEMIC WRITING IN ENGINEERING
	2025
	WoS
	Spanish
	selection reasons: contrast_source_language_period; selection ranks: AUG
	Full text checked for flagged categories
	Required; completed

	55
	[Traditional Research Paper] Integrating Service-Based Learning in Engineering Education: Enhancing Social and Professional Skills through Community Projects
	2025
	Scopus
	English
	selection reasons: thematic_cluster_3; selection ranks: T3:2
	coding basis: Title, abstract, and author keywords; focused content characterization
	Not flagged for full-text verification


Note. The register describes a purposive, nonprobability sample. Selection paths and coding bases support transparency but do not imply statistical representativeness of the 451-publication corpus.
Table S25
Numerical Robustness and Sensitivity Summary
	Sensitivity
	Object
	Primary
	Alternative
	Comparison
	Conclusion changed

	Corpus 451 vs 452
	authors_coauthorship
	1037 nodes / 2721 ties
	1039 nodes / 2724 ties
	edge Jaccard=0.999
	No

	Corpus 451 vs 452
	institutions_collaboration
	213 nodes / 635 ties
	213 nodes / 635 ties
	edge Jaccard=1.000
	No

	Corpus 451 vs 452
	countries_collaboration
	29 nodes / 71 ties
	29 nodes / 71 ties
	edge Jaccard=1.000
	No

	Corpus 451 vs 452
	chile_institutions_collaboration
	63 nodes / 150 ties
	63 nodes / 150 ties
	edge Jaccard=1.000
	No

	Corpus 451 vs 452
	author_full
	1097 nodes / 3317 ties
	1097 nodes / 3317 ties
	edge Jaccard=1.000
	No

	Corpus 451 vs 452
	author_thematic
	1089 nodes / 2623 ties
	1089 nodes / 2623 ties
	edge Jaccard=1.000
	No

	Corpus 451 vs 452
	all_thematic
	2520 nodes / 24433 ties
	2520 nodes / 24433 ties
	edge Jaccard=1.000
	No

	Corpus 451 vs 452
	cocitation (complete)
	973 nodes / 15097 ties
	973 nodes / 15097 ties
	node Jaccard=1.000; edge Jaccard=1.000
	No

	Corpus 451 vs 452
	cocitation (recommended)
	95 nodes / 662 ties
	95 nodes / 662 ties
	node Jaccard=1.000; edge Jaccard=1.000
	No

	Corpus 451 vs 452
	coupling (complete)
	323 nodes / 1054 ties
	323 nodes / 1054 ties
	node Jaccard=1.000; edge Jaccard=1.000
	No

	Corpus 451 vs 452
	coupling (recommended)
	150 nodes / 603 ties
	150 nodes / 603 ties
	node Jaccard=1.000; edge Jaccard=1.000
	No

	Keyword occurrence threshold
	Author-keyword thematic network
	>=4: 61 nodes/122 ties
	>=3: 95 nodes/222 ties; >=5: 29 nodes/55 ties
	Network size is threshold-sensitive; interpretations remain explicitly bounded to eligible terms
	No field-wide prevalence claim was made

	Counting method
	Institutional collaboration ranking
	Full-count total link strength
	Fractional total link strength
	Spearman rho=0.709
	Yes for institutional rank order; no change to network-level conclusions


Note. Robustness checks assess sensitivity to prespecified analytical choices and strata; they do not establish the validity of every bibliographic record or educational claim.
Note. Object labels are frozen analytical-pipeline identifiers. authors_coauthorship, institutions_collaboration, countries_collaboration, and chile_institutions_collaboration denote the complete entity-projection networks named by each label. author_full denotes the full author-keyword co-occurrence network; author_thematic denotes its thematic-vocabulary subset; all_thematic denotes the thematic network using all available keyword fields. cocitation (complete) and coupling (complete) denote the unthresholded analytical networks; recommended denotes the thresholded display specification used for interpretation. Complete generating configurations are provided in the anonymized repository. In the counting-method sensitivity, institutional rank order changed materially (Spearman ρ = 0.709), but the network-level substantive conclusions did not change.
Table S26
Focused Content and Evidentiary Characterization Full-Text Verification Summary
	Verification status
	Documents

	Flagged for full-text verification
	17

	Verified against full text
	12

	Full text unavailable; retained as abstract-level coding
	5


Note. Full-text verification was targeted to records flagged by deterministic review rules. Unavailable full texts remained coded conservatively from titles, abstracts, and author keywords.
Table S27
Focused Content and Evidentiary Characterization 17-Record Verification Register
	Record ID
	Title
	Year
	Canonical database source
	Verification required
	Full text available
	Verification completed
	Final coding basis

	SCOPUS::2-s2.0-85052697829
	How do we teach? A practical guide for engineering educators
	2018
	Scopus
	Yes
	No
	No
	Title, abstract, and author keywords

	WOS-Q002Q003-v01-0183
	Navigating Ambivalence: Artificial Intelligence and Its Impact on Student Engagement in Engineering Education
	2025
	WoS
	Yes
	Yes
	Yes
	Full text checked

	SCOPUS::2-s2.0-85219565568
	Active learning in engineering education: Insights from a faculty development program in higher education
	2025
	Scopus
	Yes
	Yes
	Yes
	Full text checked

	SCOPUS::2-s2.0-85199540242
	Instructional Process of the Derivative Applied in Business Engineering Students in Chile; [Processo de instrução do derivado aplicado a estudantes de engenharia de negócios no Chile]; [Proceso de instrucción de la derivada aplicado a estudiantes de Ingeniería Comercial en Chile]
	2024
	Scopus
	Yes
	Yes
	Yes
	Full text checked

	SCOPUS::2-s2.0-85163322799
	Significados da derivada nos livros didáticos dos cursos de Engenharia Comercial no Chile; [Significados de la derivada en los libros de texto de las carreras de Ingeniería Comercial en Chile]
	2023
	Scopus
	Yes
	Yes
	Yes
	Full text checked

	SCOPUS::2-s2.0-85182310892
	Convergence of Educational Paradigms into Engineering Education 5.0
	2023
	Scopus
	Yes
	Yes
	Yes
	Full text checked

	SCOPUS::2-s2.0-85139445314
	Lessons learned about gamification in software engineering education
	2021
	Scopus
	Yes
	No
	No
	Title, abstract, and author keywords

	SCOPUS::2-s2.0-85117327943
	Lessons learned about gamification in software engineering education
	2020
	Scopus
	Yes
	No
	No
	Title, abstract, and author keywords

	SCOPUS::2-s2.0-85057353022
	Theory of Teaching Techniques Used in Civil Engineering Programs
	2019
	Scopus
	Yes
	Yes
	Yes
	Full text checked

	SCOPUS::2-s2.0-85034235758
	What is the theoretical basis of entrepreneurial learning in engineering education? A case study analysis using constructivism
	2017
	Scopus
	Yes
	No
	No
	Title, abstract, and author keywords

	SCOPUS::2-s2.0-84953379746
	Developing students’ aptitudes through university-industry collaboration; [Desarrollo de las habilidades de los alumnos a través de la colaboración entre Industria y Universidad]
	2015
	Scopus
	Yes
	Yes
	Yes
	Full text checked

	SCIELO::SCIELO-Q001-v01-0255
	Autoeficacia, Prácticas de Aprendizaje Autorregulado y Docencia para fomentar el Aprendizaje Autorregulado en un Curso de Ingeniería de Software
	2016
	SciELO
	Yes
	Yes
	Yes
	Full text checked

	WOS-Q002Q003-v01-0230
	A methodology for improving active learning engineering courses with a large number of students and teachers through feedback gathering and iterative refinement
	2015
	WoS
	Yes
	Yes
	Yes
	Full text checked

	SCIELO::SCIELO-Q001-v01-0161
	Clima de enseñanza favorecedor del aprendizaje. Un estudio en la Facultad de Ingeniería de la Universidad de Atacama
	2019
	SciELO
	Yes
	Yes
	Yes
	Full text checked

	WOS-Q002Q003-v01-0152
	PEUMO: COMPUTATIONAL TOOL TO SUPPORT ACADEMIC WRITING IN ENGINEERING
	2025
	WoS
	Yes
	Yes
	Yes
	Full text checked

	SCIELO::SCIELO-Q001-v01-0267
	TLS aimed to stimulate the attainment of a metacognitive strategy on kinematics models, within a cooperative learning approach
	2015
	SciELO
	Yes
	Yes
	Yes
	Full text checked

	SCOPUS::2-s2.0-85135712237
	Classical paradigms versus complexity thinking in engineering education: an essential discussion in the education for sustainable development
	2023
	Scopus
	Yes
	No
	No
	Title, abstract, and author keywords


Note. Verification status reports the evidence source used for the flagged categories and should not be interpreted as a study-quality rating.
Note. The extended profiles and registers reproduce frozen, version-controlled outputs from the final analytical pipeline. No analytical result was modified during preparation of the Supporting Information.
