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Network-Display Boundary
Supplementary figures are display networks prepared for legibility. Structural statistics and coverage statements derive from the complete analytical networks unless a note states otherwise. Display thresholds do not redefine the analytical network, and community colors are not comparable across maps. Figures S1 and S4 show filtered cumulative networks based on all observed institutional ties, whereas Figure 5 in the main article retains only recurrent institutional ties observed in at least two publications.
Main-Article Figure 5 Display Specification
Figure 5 in the main article displays recurrent institutional ties, defined as institutional relations observed in at least two publications. Panel A includes 27 Chilean institutions and 36 recurrent ties. Panel B includes 50 institutions (28 Chilean and 22 international) and 81 recurrent ties. Node area represents publication count on a common cross-panel scale, edge width represents fractional collaboration strength, and community colors are panel-specific display attributes.
For Panel B, international institutions were initially eligible when they had at least three corpus publications, at least two shared publications with a Chilean institution, or ranked among the 15 institutions with the highest fractional total link strength. Because 95 institutions met at least one criterion, all Chilean institutions with at least three publications were retained and remaining positions were filled to a maximum of 60 by prioritizing total link strength, at least three shared publications with a Chilean institution, shared-publication count, publication volume, and fractional total link strength. Institutions left without a displayed recurrent tie were then removed, yielding the final 50-node display.
Supplementary Network Displays
Figure S1
Cumulative Chilean-Institution Collaboration Network Based on All Observed Ties, 2015–2025
[image: ]
Note. The display shows the largest connected component of the cumulative all-tie network and omits isolated institutions. It is analytically distinct from Figure 5A in the main article, which retains only recurrent ties observed in at least two publications. Structural statistics were calculated on the complete 63-institution analytical network. Node area represents publication count, color indicates community membership, and edge width represents collaboration strength.
Figure S2
Thresholded Cumulative Author-Keyword Network, 2015–2025
[image: ]
Note. The visualization contains 61 terms meeting the minimum-occurrence threshold and represents the author-keyword-supported subset rather than the full corpus. Node area represents term frequency, color indicates community membership, and edge width represents co-occurrence strength.
Additional Supplementary Network Displays
Figure S3
Filtered Cumulative Author-Coauthorship Network, 2015–2025
[image: ]
Note. The visualization contains 107 authors and 133 ties selected from the complete analytical network of 1,037 authors and 2,721 ties under the frozen display-filtering specification. Node area represents publication count, color indicates community membership, and edge width represents full-count collaboration weight. Labels are shown for selected visible authors. Filtering was applied only for legibility; all reported structural statistics were calculated from the complete analytical network.
Supplementary Tables
Abbreviations used in the supplementary tables: ARCS, Attention–Relevance–Confidence–Satisfaction; ARI, adjusted Rand index; CDIO, Conceive–Design–Implement–Operate; CI, confidence interval; EE 5.0, Engineering Education 5.0; ICT, information and communication technology; IoT, Internet of Things; IRR, incidence-rate ratio; OR, odds ratio; PBL, project-based learning; SD, standard deviation; SE, standard error; SMD, standardized mean difference; STEM, science, technology, engineering, and mathematics; TLS, total link strength.
Table S1
Annual Publication Output
	Year
	Documents
	Publication sources

	2015
	24
	20

	2016
	15
	10

	2017
	26
	16

	2018
	35
	25

	2019
	36
	26

	2020
	41
	30

	2021
	60
	41

	2022
	37
	24

	2023
	50
	30

	2024
	51
	32

	2025
	76
	49


Table S2
Source-specific Citation Metadata
	Canonical source
	Documents
	Recorded citations
	Median
	Cited
	h-index

	Scopus
	416
	2540
	2.0
	71.4%
	23

	WoS
	23
	56
	0.0
	30.4%
	5

	SciELO
	12
	36
	2.0
	83.3%
	3


Note. Citation indicators are reported separately because Scopus, Web of Science, and SciELO represent different citation universes. They are not summed or interpreted as directly comparable impact measures.
Table S3
Leading Publication Sources
	Publication source
	Documents
	Share of corpus

	ASEE Annual Conference and Exposition, Conference Proceedings
	59
	13.1%

	Formación Universitaria
	30
	6.7%

	Proceedings - International Conference of the Chilean Computer Science Society, SCCC
	23
	5.1%

	International Journal of Engineering Education
	18
	4.0%

	Proceedings of the LACCEI international Multi-conference for Engineering, Education and Technology
	12
	2.7%

	Advances in Intelligent Systems and Computing
	9
	2.0%

	CEUR Workshop Proceedings
	9
	2.0%

	IEEE Global Engineering Education Conference, EDUCON
	7
	1.6%

	International Journal of Engineering Pedagogy
	7
	1.6%

	Frontiers in Education
	6
	1.3%

	Proceedings of the International CDIO Conference
	6
	1.3%

	Proceedings - Frontiers in Education Conference, FIE
	5
	1.1%

	Sustainability (Switzerland)
	5
	1.1%

	2017 Research in Engineering Education Symposium, REES 2017
	4
	0.9%

	Applied Sciences (Switzerland)
	4
	0.9%


Table S4
Most Frequently Represented Authors
	Author
	Country
	Documents
	First year
	Last year
	Degree
	Fractional TLS
	Betweenness
	Community

	Hilliger, Isabel
	Chile
	23
	2015
	2025
	35
	23.000
	0.017
	1

	Zavala, Genaro
	Chile | Mexico
	21
	2017
	2025
	18
	20.000
	0.003
	2

	Truyol, Maria Elena
	Chile
	19
	2017
	2025
	20
	19.000
	0.004
	2

	Galarce-Miranda, Claudia
	Chile | Germany
	18
	2018
	2023
	26
	18.000
	0.000
	3

	Gormaz-Lobos, Diego
	Chile | Germany
	18
	2018
	2023
	26
	18.000
	0.000
	3

	Dominguez, Angeles
	Chile | Mexico
	18
	2017
	2025
	18
	17.000
	0.012
	2

	Quezada-Espinoza, Monica
	Chile
	16
	2020
	2025
	15
	16.000
	0.003
	2

	Hortsch, Hanno
	Austria | Germany
	13
	2018
	2022
	21
	13.000
	0.000
	3

	Kersten, Steffen
	Germany
	11
	2018
	2022
	15
	11.000
	0.000
	3

	Pérez-Sanagustín, Mar
	Chile | France
	11
	2015
	2021
	24
	11.000
	0.008
	1


Table S5
Most Frequently Represented Institutions
	Institution
	Country
	Documents
	First year
	Last year
	Degree
	Fractional TLS
	Betweenness
	Community

	Universidad Andrés Bello
	Chile
	67
	2017
	2025
	36
	45.000
	0.228
	2

	Pontificia Universidad Católica de Chile
	Chile
	62
	2015
	2025
	34
	36.000
	0.375
	4

	Pontificia Universidad Católica de Valparaíso
	Chile
	42
	2015
	2025
	27
	28.000
	0.273
	3

	Universidad de Chile
	Chile
	33
	2015
	2025
	20
	17.000
	0.090
	4

	Tecnológico de Monterrey
	Mexico
	31
	2016
	2025
	11
	31.000
	0.046
	2

	Universidad Técnica Federico Santa María
	Chile
	26
	2015
	2025
	30
	20.000
	0.114
	2

	Universidad San Sebastián
	Chile
	24
	2015
	2025
	30
	21.000
	0.137
	1

	Universidad de Concepción
	Chile
	21
	2017
	2025
	20
	16.000
	0.088
	1

	Universidad Católica del Norte
	Chile
	21
	2015
	2025
	17
	14.000
	0.073
	7

	Universidad del Bío-Bío
	Chile
	18
	2015
	2025
	17
	14.000
	0.038
	1


Table S6
Most Frequently Represented Chilean Institutions
	Institution
	Country
	Documents
	First year
	Last year
	Degree
	Fractional TLS
	Betweenness
	Community

	Universidad Andrés Bello
	Chile
	67
	2017
	2025
	20
	17.000
	0.145
	1

	Pontificia Universidad Católica de Chile
	Chile
	62
	2015
	2025
	10
	15.000
	0.269
	3

	Pontificia Universidad Católica de Valparaíso
	Chile
	42
	2015
	2025
	10
	11.000
	0.217
	3

	Universidad de Chile
	Chile
	33
	2015
	2025
	8
	11.000
	0.036
	3

	Universidad Técnica Federico Santa María
	Chile
	26
	2015
	2025
	12
	11.000
	0.008
	1

	Universidad San Sebastián
	Chile
	24
	2015
	2025
	21
	16.000
	0.091
	1

	Universidad de Concepción
	Chile
	21
	2017
	2025
	12
	13.000
	0.088
	1

	Universidad Católica del Norte
	Chile
	21
	2015
	2025
	5
	4.000
	0.000
	2

	Universidad del Bío-Bío
	Chile
	18
	2015
	2025
	10
	9.000
	0.029
	1

	Universidad de Talca
	Chile
	18
	2018
	2025
	8
	7.000
	0.110
	2


Table S7
Leading Countries
	Country
	Documents
	First year
	Last year
	Degree
	Fractional TLS
	Betweenness
	Community

	Chile
	451
	2015
	2025
	28
	208.0
	0.956
	1

	Spain
	67
	2015
	2025
	13
	67.000
	0.008
	1

	Mexico
	37
	2015
	2025
	5
	37.000
	0.000
	1

	United States
	27
	2015
	2025
	9
	27.000
	0.000
	1

	Germany
	22
	2018
	2025
	10
	22.000
	0.001
	2

	Colombia
	21
	2018
	2025
	8
	21.000
	0.000
	1

	Brazil
	11
	2017
	2025
	8
	11.000
	0.000
	2

	Ecuador
	10
	2018
	2025
	4
	10.000
	0.000
	1

	Peru
	10
	2018
	2025
	2
	10.000
	0.000
	1

	France
	7
	2018
	2024
	1
	7.000
	0.000
	1

	United Kingdom
	6
	2020
	2025
	7
	6.000
	0.000
	2

	Austria
	6
	2019
	2022
	2
	6.000
	0.000
	2

	Costa Rica
	4
	2018
	2025
	3
	4.000
	0.000
	1

	China
	3
	2020
	2025
	8
	3.000
	0.000
	2

	Denmark
	3
	2020
	2025
	3
	3.000
	0.000
	3

	Finland
	3
	2016
	2025
	2
	3.000
	0.000
	1

	Argentina
	2
	2025
	2025
	2
	2.000
	0.000
	3

	Belgium
	2
	2018
	2025
	2
	2.000
	0.000
	2

	Botswana
	2
	2015
	2017
	2
	2.000
	0.000
	4

	Italy
	2
	2024
	2025
	2
	2.000
	0.000
	5


Table S8
Detailed Thematic-cluster Profiles for the Descriptive Cumulative 2015–2025 Author-keyword-supported Subset
	ID
	Cluster
	Status
	Leading terms
	Primary documents
	Temporal profile
	Boundary

	1
	Active learning, educational innovation, and digital modalities
	robust
	active learning (23); educational innovation (23); learning styles (9); flipped classroom (7); STEM education (5)
	67
	2015–2025; mean 2021.1
	Keyword-supported thematic grouping; not full-corpus prevalence.

	2
	Project-based learning, software engineering education, and STEM pedagogy
	robust
	project-based learning (22); software engineering education (18); software engineering (9); STEM (8); gamification (7)
	67
	2015–2025; mean 2021.2
	Keyword-supported thematic grouping; not full-corpus prevalence.

	3
	Curriculum, transversal skills, innovation, and professional development
	robust
	curriculum (6); innovation (6); soft skills (6); academic writing (4); change management (4)
	35
	2015–2025; mean 2021.5
	Keyword-supported thematic grouping; not full-corpus prevalence.

	4
	Emerging technologies, critical thinking, and student experience
	robust
	augmented reality (5); critical thinking (5); dropout (5); artificial intelligence (4); creativity (4)
	32
	2015–2025; mean 2021.9
	Keyword-supported thematic grouping; not full-corpus prevalence.

	5
	Industry 4.0 competencies and virtual experiential learning
	robust
	Industry 4.0 (9); competencies (8); challenge-based learning (6); sustainable development (5); student perceptions (4)
	37
	2015–2025; mean 2021.7
	Keyword-supported thematic grouping; not full-corpus prevalence.

	6
	Sustainability, ethics, assessment, and quality assurance
	moderate
	sustainability (9); ethics (5); accreditation (4); assessment (4); service learning (4)
	20
	2015–2025; mean 2020.6
	Keyword-supported thematic grouping; not full-corpus prevalence.

	7
	Engineering pedagogy and hybrid faculty development
	micro cluster cautious
	engineering pedagogy (9); blended learning (4); university teacher training (4)
	15
	2017–2025; mean 2021.1
	Emerging microcluster; interpret cautiously.

	8
	Academic performance and machine learning
	micro cluster cautious
	academic performance (4); machine learning (4)
	7
	2017–2025; mean 2024.1
	Emerging microcluster; interpret cautiously.

	9
	Learning analytics and process mining
	micro cluster cautious
	learning analytics (4); process mining (4)
	8
	2016–2025; mean 2020.0
	Emerging microcluster; interpret cautiously.


Table S9
Reference Co-Citation Bases for the Descriptive Cumulative 2015–2025 Analysis
	ID
	Intellectual base
	References
	Status
	Representative references

	1
	Pedagogies, learning styles, CDIO, and engineering formation
	34
	robust
	Silverman L.K. (1988); Lee C.B. (2006); Amelink C.T. (2009); Johnson R.T. (2005)

	2
	Active learning, faculty development, and qualitative inquiry
	24
	robust
	Prince M. (2004); Richardson K. M. (2014); Benegas J. (2007); Saldana J. (2016)

	3
	Technology acceptance, augmented reality, and academic discourse
	15
	robust
	Cellary W. (2013); Davis F. (1993); Ocak M.A. (2016); Ajzen I. (1975)

	4
	Project-based learning, design thinking, and educational reform
	14
	moderate
	Palincsar A. (1991); Leifer L. J. (2005); Clarke V. (2006); Thomas J. W. (2000)

	5
	CDIO and systemic change in engineering education
	8
	moderate
	Brodeur D.R. (2007); Brodeur D.R. (2011); Graham R. (2012); Finkelstein N. (2011)


Table S10
Bibliographic-Coupling Research Fronts for the Descriptive Cumulative 2015–2025 Analysis
	ID
	Research front
	Documents
	Status
	Mean year
	Leading keywords

	1
	Engineering Education 5.0, competencies, sustainability, and PBL
	52
	robust
	2020.9
	Industry 4.0; Sustainable development; Project-based learning

	2
	Innovation, entrepreneurship, thinking styles, and graduate profiles
	24
	robust
	2020.5
	Teaching and evaluation methods; Thinking styles; Entrepreneurship; Industry 4.0

	3
	Trajectories, belonging, diversity, and attrition analytics
	16
	robust
	2022.7
	Process mining; Educational innovation; Educational trajectories; High-failure rate courses

	4
	Augmented reality and technology acceptance
	11
	moderate
	2021.6
	Augmented reality; technology acceptance; active role; trust

	5
	Academic and professional writing in engineering
	10
	moderate
	2022.2
	macro-genre; student genre; Academic writing; academic discourse

	6
	Engineering pedagogy and digital faculty development
	10
	moderate
	2021.0
	Engineering Pedagogy; University teacher training; online learning during COVID19 pandemic; university online teaching-learning

	7
	Gamification and serious games in software engineering
	8
	moderate
	2020.1
	Gamification; class diagram; serious games; software engineering course

	8
	Emerging technologies and motivational design
	5
	micro cluster cautious
	2023.4
	Motivation; ARCS; Emerging technologies; Arduino Science Journal

	9
	Ethics, social justice, and sustainability
	5
	micro cluster cautious
	2019.2
	Engineering ethics; Simulation modeling; Social justice

	10
	Learning styles and role-playing in software engineering
	4
	micro cluster cautious
	2023.8
	Rapid review; Role playing; Software engineering education; Kolb's Learning Styles Inventory

	11
	Mathematics education in business engineering
	3
	micro cluster cautious
	2024.0
	business engineering; derivative; ICT; instructional process

	12
	Digital twins and immersive laboratories
	2
	micro cluster cautious
	2025.0
	combustion-less engine; digital twins; Industry 4.0; IoT


Table S11
VOSviewer Files and Documented Visual Configurations
	ID
	Title
	Eligibility or display-selection rule
	Complete analytical network
	Filtered display network
	Counting and normalization
	Community specification
	Node weight
	Attraction
	Repulsion
	Max. lines
	Curved
	Label rule

	F_social_international
	International institutional-collaboration display
	Institutions represented in ≥3 publications
	213 nodes / 635 ties
	60 nodes / 208 ties
	Fractional-count network file used for display; primary structural statistics calculated from the complete full-count network
	VOSviewer display clustering. Analytical communities were estimated separately under the frozen pipeline specification
	Documents
	2
	−2
	1
	No
	Selected visible institution labels; overlapping labels suppressed for legibility

	F_social_chile
	Chilean institutional-collaboration display
	Chilean institutions represented in ≥2 publications
	63 nodes / 150 ties
	Filtered file: 41 nodes / 117 ties; rendered largest connected component: 40 nodes / 117 ties, with one isolate omitted
	Fractional-count network file used for display; primary structural statistics calculated from the complete full-count network
	VOSviewer display clustering. Analytical communities were estimated separately under the frozen pipeline specification
	Documents
	2
	−2
	800
	No
	Visible institution labels; the isolated filtered node was omitted from the rendered figure

	F_themes
	Author-keyword thematic co-occurrence display
	Normalized thematic author keywords occurring in ≥4 publications
	1,089 nodes / 2,623 ties before the minimum-occurrence display threshold
	61 nodes / 122 ties
	Fractional-count co-occurrence network with association-strength normalization for display
	Nine clusters fixed by the analytical pipeline; VOSviewer reclustering was not applied
	Occurrences
	2
	−2
	700
	No
	Eligible normalized terms displayed subject to VOSviewer overlap suppression

	F_cocitation
	Reference co-citation display
	Complete network: references cited by ≥2 corpus publications. Display: largest connected component among the top 120 references ranked by citing documents and link strength
	973 nodes / 15,097 ties
	95 nodes / 662 ties
	Fractional-count co-citation network with association-strength normalization for display
	Pipeline community detection, resolution = 0.50; five interpreted bases; VOSviewer reclustering was not applied
	Citing documents
	2
	−3
	150
	No
	Abbreviated and disambiguated author–year labels; overlapping labels suppressed

	F_coupling
	Bibliographic-coupling display of documents
	Complete eligibility: ≥10 usable references and ≥1 shared reference. Display: top 150 documents ranked by fractional total link strength
	323 nodes / 1,054 ties
	150 nodes / 603 ties; two components, with a 145-node main component
	Fractional-count bibliographic-coupling network with association-strength normalization for display
	Pipeline community detection, resolution = 0.50; 12 interpreted fronts; VOSviewer reclustering was not applied
	Citations
	1
	−3
	150
	No
	Disambiguated first-author–year labels; overlapping labels suppressed

	F_Authors
	Author-coauthorship display
	Authors represented in ≥3 publications
	1,037 nodes / 2,721 ties
	107 nodes / 133 ties
	Fractional-count network file used for display; primary structural statistics calculated from the complete full-count network
	VOSviewer display clustering. Analytical communities were estimated separately under the frozen pipeline specification
	Documents
	2
	−3
	900
	No
	Selected visible author labels; overlapping labels suppressed for legibility


Note. Table S11 reports selected display settings available in the frozen output. Complete analytical networks were used to calculate structural indicators. Filtered display networks were prepared exclusively to improve visual legibility and did not redefine the analytical universes. Social-network visualizations used the recommended fractional-count VOSviewer files, whereas the primary structural analyses used complete networks and full-count weights. Keyword co-occurrence, reference co-citation, and bibliographic coupling used fractional-count network files and association-strength normalization for display. For the thematic and intellectual maps, community assignments were generated by the analytical pipeline and retained in the .map files; VOSviewer reclustering was not applied. The co-citation and bibliographic-coupling community solutions used a resolution parameter of 0.50. Label visibility was adjusted only to reduce overlap and does not indicate analytical inclusion or exclusion.
Table S11A
Main-Article Figure 5 Recurrent Institutional-Network Display Specifications
	Panel
	Displayed Node Set
	Recurrent-Tie Rule
	Final Display
	Layout
	Visual Encoding
	Label Rule

	A
	Chilean institutions with ≥2 corpus publications incident to at least one recurrent Chile–Chile institutional tie; no largest-component restriction
	shared_documents_full ≥ 2
	27 institutions; 36 recurrent ties
	NetworkX spring layout; seed 1601; 2,200 iterations; disconnected components placed deterministically
	Node area = document_count on a common square-root scale; edge width = link_strength_fractional; panel-specific community_id colors
	Top 8 by document count, top 3 by betweenness, and articulation points; capped at 10 labels

	B
	Initial eligibility: ≥3 corpus publications, ≥2 shared publications with a Chilean institution, or top 15 fractional TLS; retain all Chilean institutions with ≥3 publications, prioritize remaining positions to max. 60, then remove nodes without a displayed recurrent tie
	shared_documents_full ≥ 2
	50 institutions (28 Chilean, 22 international); 81 recurrent ties
	NetworkX spring layout; seed 1602; 2,200 iterations; deterministic overlap relaxation
	Same common node-area scale as Panel A; edge width = link_strength_fractional; eight panel-specific communities, with two smallest shown in gray
	Top 8 Chilean institutions by document count, top 6 international institutions by fractional collaboration with Chile, plus partners with ≥3 shared publications; capped at 14 labels


Note. Figure 5 was generated from exported node and edge files. Node-area bounds were calculated jointly across panels (2–67 publications). Community assignments and edge weights were preserved from the analytical pipeline; display layouts were optimized independently and should not be compared by apparent density. TLS = total link strength.
Longitudinal, Null-Model, and Evidentiary Characterization Results
This section reports the longitudinal, null-model, and focused evidentiary characterization analyses generated by the frozen analytical pipeline. The 451-publication corpus, accumulated networks, and reproducible VOSviewer and Python display configurations were not modified during preparation of the Supporting Information.
Table S12
Period-Specific Author and Institutional Network Metrics
	Network
	Period
	Nodes
	Edges
	Components
	Giant share
	recurrent ties
	Recurrent-tie share
	Max core
	Modularity

	Authors
	2015–2018
	287
	590
	66
	11.5%
	32
	5.4%
	13
	0.928

	Authors
	2019–2021
	362
	1212
	64
	9.1%
	73
	6.0%
	32
	0.819

	Authors
	2022–2024
	340
	568
	73
	10.0%
	37
	6.5%
	8
	0.955

	Authors
	2025
	259
	571
	49
	9.3%
	15
	2.6%
	8
	0.955

	Institutions
	2015–2018
	84
	136
	12
	77.4%
	11
	8.1%
	5
	0.683

	Institutions
	2019–2021
	97
	333
	7
	89.7%
	35
	10.5%
	17
	0.647

	Institutions
	2022–2024
	92
	130
	11
	67.4%
	19
	14.6%
	4
	0.739

	Institutions
	2025
	78
	110
	13
	43.6%
	9
	8.2%
	5
	0.763

	Chilean Institutions
	2015–2018
	38
	42
	13
	60.5%
	2
	4.8%
	4
	0.529

	Chilean Institutions
	2019–2021
	42
	68
	9
	76.2%
	13
	19.1%
	7
	0.539

	Chilean Institutions
	2022–2024
	40
	43
	12
	57.5%
	5
	11.6%
	4
	0.523

	Chilean Institutions
	2025
	36
	28
	17
	22.2%
	3
	10.7%
	4
	0.649


Table S13
Adjacent-period Entity and Tie Retention
	Network
	Transition
	Previous nodes
	Current nodes
	Retained nodes
	Node retention
	Retained ties
	Tie retention
	Node Jaccard
	Tie Jaccard
	ARI

	Authors
	2015–2018→2019–2021
	287
	362
	60
	20.9%
	98
	16.6%
	0.102
	0.058
	0.837

	Authors
	2019–2021→2022–2024
	362
	340
	61
	16.9%
	59
	4.9%
	0.095
	0.034
	0.946

	Authors
	2022–2024→2025
	340
	259
	54
	15.9%
	40
	7.0%
	0.099
	0.036
	0.946

	Institutions
	2015–2018→2019–2021
	84
	97
	41
	48.8%
	28
	20.6%
	0.293
	0.063
	0.166

	Institutions
	2019–2021→2022–2024
	97
	92
	47
	48.5%
	21
	6.3%
	0.331
	0.048
	0.092

	Institutions
	2022–2024→2025
	92
	78
	40
	43.5%
	11
	8.5%
	0.308
	0.048
	0.171

	Chilean Institutions
	2015–2018→2019–2021
	38
	42
	30
	78.9%
	13
	31.0%
	0.600
	0.134
	0.071

	Chilean Institutions
	2019–2021→2022–2024
	42
	40
	31
	73.8%
	8
	11.8%
	0.608
	0.078
	0.079

	Chilean Institutions
	2022–2024→2025
	40
	36
	29
	72.5%
	4
	9.3%
	0.617
	0.060
	-0.018


Table S14
Cumulative Global-Mixing Null-model Comparisons
	Network
	Metric
	Observed
	Null mean
	Null SD
	z
	p
	Interpretation

	Authors
	edges
	2721
	3154
	5.779
	-74.92
	0.004
	Fewer projected ties than under the cumulative global-mixing benchmark

	Authors
	components
	164
	72.92
	5.785
	15.74
	0.004
	More fragmented than under unrestricted cumulative mixing

	Authors
	largest component share
	0.1572
	0.8272
	0.01734
	-38.63
	0.004
	Lower connectivity than under the cumulative global-mixing benchmark

	Authors
	density
	0.005065
	0.005871
	1.076e-05
	-74.92
	0.004
	Lower density than under the cumulative global-mixing benchmark

	Authors
	recurrent ties
	258
	23.06
	5.226
	44.96
	0.004
	Greater within-group recurrence than under the cumulative global-mixing benchmark

	Authors
	recurrent-tie share
	0.09482
	0.007316
	0.001671
	52.37
	0.004
	Greater within-group recurrence than under the cumulative global-mixing benchmark

	Authors
	max core
	32
	32
	0
	—
	1.000
	Not distinguishable from the cumulative global-mixing benchmark

	Authors
	transitivity
	0.8536
	0.4693
	0.01808
	21.26
	0.004
	Greater local clustering than under the cumulative global-mixing benchmark

	Institutions
	edges
	635
	679
	14.27
	-3.08
	0.008
	Fewer projected ties than under the cumulative global-mixing benchmark

	Institutions
	components
	6
	32.08
	4.557
	-5.72
	0.004
	Fewer components than under the cumulative global-mixing benchmark

	Institutions
	largest component share
	0.9671
	0.8336
	0.02595
	5.15
	0.004
	Greater connectivity than under the cumulative global-mixing benchmark

	Institutions
	density
	0.02812
	0.03007
	0.0006322
	-3.08
	0.008
	Lower density than under the cumulative global-mixing benchmark

	Institutions
	recurrent ties
	96
	93.02
	8.498
	0.35
	0.754
	Not distinguishable from the cumulative global-mixing benchmark

	Institutions
	recurrent-tie share
	0.1512
	0.1373
	0.01494
	0.93
	0.347
	Not distinguishable from the cumulative global-mixing benchmark

	Institutions
	max core
	17
	17
	0
	—
	1.000
	Not distinguishable from the cumulative global-mixing benchmark

	Institutions
	transitivity
	0.4693
	0.3549
	0.01251
	9.15
	0.004
	Greater local clustering than under the cumulative global-mixing benchmark

	Chile Institutions
	edges
	150
	159.8
	6.294
	-1.56
	0.152
	Fewer projected ties than under the cumulative global-mixing benchmark

	Chile Institutions
	components
	9
	16.28
	2.754
	-2.64
	0.032
	Fewer components than under the cumulative global-mixing benchmark

	Chile Institutions
	largest component share
	0.8571
	0.7528
	0.0451
	2.31
	0.036
	Greater connectivity than under the cumulative global-mixing benchmark

	Chile Institutions
	density
	0.0768
	0.08183
	0.003223
	-1.56
	0.152
	Lower density than under the cumulative global-mixing benchmark

	Chile Institutions
	recurrent ties
	36
	33.19
	3.984
	0.70
	0.547
	Not distinguishable from the cumulative global-mixing benchmark

	Chile Institutions
	recurrent-tie share
	0.24
	0.2087
	0.03135
	1.00
	0.307
	Not distinguishable from the cumulative global-mixing benchmark

	Chile Institutions
	max core
	7
	7.064
	0.253
	-0.25
	1.000
	Not distinguishable from the cumulative global-mixing benchmark

	Chile Institutions
	transitivity
	0.4031
	0.3991
	0.02551
	0.16
	0.862
	Not distinguishable from the cumulative global-mixing benchmark


Note. All contrasts are relative to cumulative global-mixing benchmarks that preserve publication team size and total entity productivity but not year- or period-specific activity. These contrasts are secondary, non-temporal sensitivity benchmarks.
Table S15
Temporal Author-Keyword Network Similarity
	Transition
	Node Jaccard
	Edge Jaccard
	Community ARI

	2015–2018→2019–2021
	0.123
	0.000
	0.243

	2019–2021→2022–2024
	0.136
	0.027
	0.011

	2022–2024→2025
	0.139
	0.017
	-0.061


Table S15B
Adjacent-period Overlap among the 50 Leading Cited References
	Transition
	Leading references per period
	Shared references
	Jaccard

	2015–2018→2019–2021
	50
	4
	0.042

	2019–2021→2022–2024
	50
	4
	0.042


Note. Each period-specific set contained 50 unique leading cited references. Jaccard = 4/(50 + 50 − 4). The 2025 extension is omitted because it is a noncomparable one-year descriptive window.
Table S16
Evidentiary Profile of the Purposively Selected 55-Publication Set
	Indicator
	Documents
	Share

	Self-report evidence
	29
	52.7%

	Direct learning/performance evidence
	10
	18.2%

	Technology adoption/usability without direct learning evidence
	4
	7.3%

	Explicit named theory or conceptual framework
	14
	25.5%

	Full text unavailable; abstract-level coding
	5
	9.1%


Note. Counts describe a purposive, nonprobability sample and are not prevalence estimates for the 451-publication corpus. Categories characterize evidentiary development among selected publications and do not constitute comparative quality ratings.
Statistical, Coverage, and Intellectual-Bridge Results
This section reports the Pearson-scaled Poisson count model, collaboration logistic models, thematic-map coverage audit, normalized cluster participation, corrected intellectual-bridge classification, and selective robustness checks. An adjusted thematic-assignment model is intentionally omitted because perfect separation made its coefficients noninterpretable.
Table S17
Production Count-model Inference with Pearson-scaled Standard Errors
	Series
	Model
	Dispersion
	Inference
	Selected

	2015–2024 inferential
	Poisson mean model
	1.95
	Pearson-scaled SE
	Yes

	2015–2025 sensitivity
	Poisson mean model
	1.87
	Pearson-scaled SE
	Yes


Table S18
Annual Model Coefficients for Production and Collaboration
	Series
	Outcome
	Specification
	IRR/OR
	95% CI
	p

	2015–2024 inferential
	Annual publication output
	Poisson; Pearson-scaled SE
	1.108
	1.053–1.165
	< .001

	2015–2024 inferential
	International collaboration
	Adjusted logistic
	0.983
	0.910–1.061
	.660

	2015–2024 inferential
	Chile–Chile interinstitutional collaboration
	Adjusted logistic
	1.014
	0.930–1.104
	.758

	2015–2025 sensitivity
	Annual publication output
	Poisson; Pearson-scaled SE
	1.122
	1.076–1.169
	< .001

	2015–2025 sensitivity
	International collaboration
	Adjusted logistic
	0.992
	0.932–1.055
	.789

	2015–2025 sensitivity
	Chile–Chile interinstitutional collaboration
	Adjusted logistic
	0.997
	0.929–1.071
	.943


Table S19
Categorical Thematic-coverage Differentials
	Variable
	χ²
	df
	p
	Bias-corrected Cramér’s V

	Analytical period
	4.35
	3
	.226
	0.055

	Language
	5.97
	1
	.015
	0.111

	Document type
	2.78
	4
	.595
	0.000

	Database source
	22.65
	2
	< .001
	0.214

	International collaboration
	1.25
	1
	.264
	0.032

	Chile–Chile interinstitutional collaboration
	1.06
	1
	.302
	0.026

	Abstract available
	2.91
	1
	.088
	0.098

	Author keywords available
	55.88
	1
	< .001
	0.358


Note. Cramér’s V values use the finite-sample bias correction; a corrected value of 0.000 can occur even when the uncorrected chi-square statistic is nonzero.
Table S20
Continuous Thematic-coverage Differentials
	Variable
	Assigned mean
	Unassigned mean
	SMD
	Cliff’s δ
	p

	Publication year
	2021.31
	2020.78
	0.177
	0.111
	.049

	Number of Authors
	3.83
	3.11
	0.328
	0.229
	< .001

	Number of Institutions
	2.10
	1.77
	0.250
	0.136
	.011

	Number of available author keywords
	4.15
	2.26
	1.139
	0.491
	< .001

	Recorded citations
	6.75
	4.24
	0.232
	0.232
	< .001

	Number of references
	89.21
	65.92
	0.350
	0.242
	< .001


Note. SMD = standardized mean difference; Cliff’s δ is a nonparametric effect-size measure. The p values derive from Mann–Whitney tests.
Table S21
Intellectual-bridge Profiles for the Descriptive Cumulative 2015–2025 Analysis
	Front
	Research front
	Base
	Conceptual base
	Share / coverage
	Rule-based pattern

	F1
	EE 5.0, competencies & sustainability
	B1
	Pedagogies, learning styles, CDIO, and engineering formation
	63.4% / 88.5%
	Dominant bridge

	F2
	Innovation, entrepreneurship & profiles
	B4
	Project-based learning, design thinking, and educational reform
	51.1% / 87.5%
	Mixed bridge

	F3
	Trajectories, belonging & attrition
	B2
	Active learning, faculty development, and qualitative inquiry
	93.5% / 93.8%
	Dominant bridge

	F4
	Augmented reality & acceptance
	B3
	Technology acceptance, augmented reality, and academic discourse
	89.3% / 81.8%
	Dominant bridge

	F5
	Engineering academic writing
	B3
	Technology acceptance, augmented reality, and academic discourse
	93.1% / 90.0%
	Dominant bridge

	F6
	Pedagogy & faculty development
	None observed
	None observed
	— / 0.0%
	No observed bridge

	F7
	Gamification & serious games
	B1
	Pedagogies, learning styles, CDIO, and engineering formation
	50.0% / 12.5%
	Low-coverage bridge

	F8
	Emerging technologies & motivation
	None observed
	None observed
	— / 0.0%
	No observed bridge

	F9
	Ethics, justice & sustainability
	B2
	Active learning, faculty development, and qualitative inquiry
	75.0% / 80.0%
	Dominant bridge

	F10
	Learning styles & role-playing
	B1
	Pedagogies, learning styles, CDIO, and engineering formation
	100.0% / 25.0%
	Concentrated but low coverage

	F11
	Mathematics in business engineering
	None observed
	None observed
	— / 0.0%
	No observed bridge

	F12
	Digital twins & immersive labs
	None observed
	None observed
	— / 0.0%
	No observed bridge


Note. Share is the within-front proportion of observed bridge links directed to the listed base; coverage is the proportion of front publications with at least one bridge link. Dominant = coverage ≥ 50% and one base share ≥ 60%; mixed = coverage ≥ 50% without a 60% base; low coverage = 0% < coverage < 50%; no observed bridge = coverage 0%. The profiles are descriptive and cumulative for 2015–2025. For F10, all observed bridge links were directed to B1, but only 25.0% of front publications had an observed bridge.
Table S22
Selective Robustness across Document Strata
	Stratum
	Docs
	Author giant
	Institution giant
	International
	Thematic coverage

	Full corpus
	451
	15.7%
	96.7%
	46.1%
	63.9%

	Without conference papers
	221
	6.4%
	94.6%
	54.8%
	63.3%

	Articles only
	187
	7.6%
	95.6%
	51.9%
	64.7%

	English
	356
	19.0%
	97.4%
	51.1%
	66.9%

	Spanish
	95
	4.1%
	66.2%
	27.4%
	52.6%

	Scopus
	416
	16.4%
	94.7%
	45.9%
	66.1%

	Web of Science
	23
	37.5%
	61.9%
	60.9%
	56.5%

	SciELO
	12
	17.9%
	30.8%
	25.0%
	0.0%


Additional Supplementary Network Displayss
Figure S4
Filtered International Institutional-Collaboration Network Based on All Observed Ties, 2015–2025
[image: ]
Note. The visualization contains 60 institutions and 208 all-observed ties selected from the complete analytical network of 213 institutions and 635 ties. It is analytically distinct from Figure 5B in the main article, which retains 50 institutions and 81 recurrent ties observed in at least two publications. Node area represents publication count, color indicates community membership, and edge width represents fractional collaboration strength. Display thresholds were applied only for legibility.
Figure S5
Thresholded Cumulative Reference Co-Citation Network, 2015–2025
[image: ]
Note. The display contains 95 references, 662 links, and five interpreted intellectual bases. Complete networks supported coverage and structural calculations; the displayed threshold was applied for legibility. Node area represents citation frequency, color indicates interpreted base membership, and edge width represents co-citation strength.
Figure S6
Thresholded Cumulative Bibliographic-Coupling Network, 2015–2025
[image: ]
Note. The display contains 150 publications, 603 links, and 12 interpreted contemporary research fronts. Complete networks supported coverage and bridge calculations; the displayed threshold was applied for legibility. Node area represents document weight, color indicates interpreted front membership, and edge width represents bibliographic-coupling strength.
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