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University Academic Frequency Percentage

level (%)
Technical Male Undergraduate 38 9.2
University of
Manabi Postgraduate 41 9.9
Female Undergraduate 27 65
Postgraduate 29 7.0
Subtotal 135 32.7
UTM
State Male Undergraduate 56 13.6
University of
Milagro Postgraduate 75 18.2
Female Undergraduate 61 148
Postgraduate 86 208
Subtotal 278 67.3
UNEMI
Total 413 100.0
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Number of items = Teaching models Cronbach’s alpha (o) Critical Correlation (R?)

reliability-CR ())

8 Traditional teaching model 0.778 0.797 0323 0.568
11 Collaborative teaching model 0.925 0.927 0.536 0.732
5 Spontaneist teaching model 0.859 0.859 0.578 0.760
4 Constructivist teaching model 0.747 0.776 0.448 0.669
5 Technological teaching model 0.855 0.862 0.559 0.748
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Records identified through Scopus
data base search: 765.

Keywords used:

(“Robotics”, “Automation”, “Artificial Intelligence”, “Machine
Leaming”, “Neural Network”, “Deep Learning”, “Augmented
Reality”, “Computer vision”, “Data Mining”, “Computer Aided
Design”, “Al”, “Predictive Analytics”, “Natural Language
Processing”, “Computational Linguistics”, “Codex”, “Reinforcement
Leaming”, “Chatbots”) AND “Mechanical” AND “Engineering”

Records after duplicates: 523

164 Review papers, Book Chapters,
and Journal articles.
359 conference papers.

242 duplicate records removed.

Record after  screening _for
relevance and assessing
Review Papers, Book Chapters, i
Journal Articles: 88

295 total records were excluded du to incligibility.

Studies included in the review: 228
88 Review papers, Book Chapters,
and Journal Articles

140 Conference Papers
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TLS/TPACK CK TPACK Final Descriptive
domains rating rating
Pair 1 3499 3.499 4.166 4.166 4.166 3832 3.499 3.832 Very
satisfactory
Pair 2 4499 3.499 4.166 4166 4166 4166 3832 4070 Very
satisfactory
Pair 3 4.166 3.499 3832 3.832 3.832 3832 3.499 3785 Very
satisfactory
Pair 4 4166 3.832 4.166 4.166 4.166 4.166 3832 4070 Very
satisfactory
Pair 5 4666 4.166 4.166 4333 4.166 4.166 3832 4213 Very
satisfactory
Pair 6 4166 3.499 3.832 4.166 3.832 4.166 3.832 3.928 Very
satisfactory

(4.50-5.00 O-Outstanding ), ( 3.50-4.499 VS-Very Satisfactory ), { 2.50-3.499 S-Satisfactory ), { 1.50-2.499 US-Unsatisfactory ), { Below 1.499 P-Poor).
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Learning Training Trainer Proximity Interaction
modality environment presence level
(minimally)

Case study Doing Contrived Yes Face to face or Variable Low Moderate
distance

Games Doing Contrived Yes Face to face or Interactive Moderate High
distance

Internship Doing, Natural Yes Face to face Somewhat interactive Low High

Job rotation Doing Natural n/a Face to face Not interactive n/a n/a

Job shadowing Seeing Natural Yes Face to face Not interactive Low Low

Lecture Hearing Contrived Yes Face to face or Not interactive Moderate Low
distance

Mentorship & Doing Natural Yes Face to face or Somewhat interactive Low Moderate

apprenticeship distance

Programmed Seeing Contrived No Distance Not interactive Moderate Low

instruction

Role-modeling Seeing Stimulated Yes Face to face or Not interactive Moderate Low
distance

Role play Doing Stimulated Yes Face to face Interactive Low Low

Simulation Doing Stimulated No Face to face Not interactive High Moderate

Stimulus-based Variable Stimulated Yes Face to face Somewhat interactive | Moderate Low

Team Doing Contrived Yes Face to face or Interactive Moderate Low

distance
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TPACK Pre-assessment level of Post-Assessment level of Level progression
domains or competence competence

components

o > o > >

s 2 s £ Y

= () =1 () Y

@, 2 @, 2 2

o 10} o o o

- o - Q. Q.
Content 6 4 I 0 0 0 0 0 1 10 —6 —4 -1 +1 +10
knowledge
Pedagogical 6 4 1 0 0 0 0 0 1 10 —6 —4 =1 +1 +10
knowledge
Technological 5 2 3 0 1 0 0 0 1 10 -5 -2 =3 +1 +9
knowledge
Technological 5 4 2 0 0 0 0 0 0 11 -5 —4 -2 0 +11
pedagogical
knowledge
Pedagogical 5 4 2 0 0 0 0 0 0 11 =5 —4 -2 0 +11
content knowledge
Technological 6 2 2 1 0 0 0 0 0 11 -6 -2 -2 ~1 +11
content knowledge
Technological 7 2 2 0 0 0 0 0 0 11 =7 -2 -2 0 +11
pedagogical and
content knowledge
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TPACK

Wilcoxon test

domains
T <g> Interpretation

CK Pre 11 1.636 0.924% 66 2.994 0.003** 0.97 High
Post 11 4909 0302

PK Pre 11 1.636 0924 66 2994 0.003* 0.97 High
Post 11 4909 0302

TK Pre 11 2.091 1300 55 2836 0.005** 0.96 High
Post 1 4.909 0302

TPK Pre 11 1.727 0.786 66 298 0003+ 1 High
Post 11 5 0.00

PCK Pre 11 1.727 0.786 66 298 0.003** 1 High
Post 11 5 0.00

TCK Pre 11 1.818 1.079 66 298 0.003** 1 High
Post 11 5 0.00

TPACK Pre 11 1545 0.820 66 3.022 0.003* 1 High
Post 11 5 0.00

*p < 0.05,**p < 0.01 z = Wilcoxon signed-rank test, N

= total number of students, ¢ = normalized gain scale: (‘High", ¢ > 0.7), (‘Medium”, 0.3 < g < 0.7), (“Low”, g < 0.3) (Hake, 1998).
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Participants

Tenure in
service
(years)

Highest
educational
degree earned

Specialization

Mathematics
TPACK training
attended

Preferred
TPACK
course

T Male 2 Bachelor’s Degree Engineering None Calculus

T2 Female 6 Master's Degree Accountancy None Gen Math
Graduate

T3 Female 3 Master’s Degree (Units) Mathematics None Calculus

T4 Female 2 Bachelor’s Degree Mathematics None Calculus

T5 Female 14 Master’s Degree Mathematics None Calculus
Graduate

T6 Female 2 Bachelor’s Degree Industrial None Calculus

Engineering

T7 Female 5 Master’s Degree (Units) Accountancy None Calculus

T8 Female 3 Master’s Degree (Units) Accountancy None Gen Math

T Female 2 Master’s Degree (Units) Mathematics None Calculus

T10 Female 3 Master’s Degree (Units) Mathematics None Calculus
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Citations Total link

strength
1 Wang Z. 36 5041
2 LeeC. 2 4557
3 Zhu . 27 4,166
4 Zhang Y. 38 3,890
5 LiX. a 3426
6 Wang H. 27 3415
7 Wang . 40 2593
8 ShiQ. n 2136

9 ZhangZ. 46 2,136
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Occurrences Relevance

score
1 Technology 244 04
2 Model 157 059
3 Data 92 048
4 skill 87 079
5 Field 83 017
6 Industry 82 036
7 University 78 054
8 Teaching 77 08
9 Machine 75 07

10 Activity 62 113
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Keyword Occurrences  Total link

strength
1 Engineering education 174 725
2 Students %0 150
3 Curricula 51 279
4 Computer aided design 40 203
5 Learning systems 3 192
3 Teaching 3 172
7 Machine learning 3 160
8 Artificial Intelligence 3 156
9 Deep learning 27 132

10 Education computing 25 129
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Themes Author Focus

Integration of additive Johnson, etal. (2020) | Reviewing the use of machine learning for material advancement in metals AM and highlighting its pivotal role in
manufacturing in MEE. propelling this specific sector of industrial production forward.
Guo etal. (2022) Exploring the biomedical applications of powder-based 3D printed titanium alloys, with a particular emphasis on

the contribution of machine learning in advancing metal printing technologies.

Razaviarab et al. Employing artificial intelligence in 3D metal printing to identify defects in printed layers and enhance overall
(2019) quality.

Additive manufacturing to | Castelli and.

Adopting FDM 3D printing for a hands-on robotics course, aiming to underscore the benefits of using AM in the
enhance students’ (2019) education of robotics.

understanding Singhal etal. (2022) Utilizing 3D printing to provide engineering students with practical, hands-on experience.
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Themes or

Competence of students | Chen etal. (2020)
for industry

Afanasyev etal. (2018)

Combining Industryand  Brazina et al. (2022)
Educational fields

Brezeanu and Lazarou
(2020)
Grisales-Palacio and.

Garcia-Zaragoza (2022)

Focus

Investigating the incorporation of artifcial intelligence in interactive learning environments, with a special
emphasis on its application in finite element analysis, offering benefits to both educational and industrial sectors
Developing an intelligent system specifically designed for corporate use in universities and enterprises to enhance

engineering education.

Applying Industry 4.0 principles and technologies in the teaching process to modernize and improve educational

outcomes.

Aligning the engineering curriculum with skills development to meet the demands of Industry 4.0, ensuring that
students are well-prepared for the future workplace.

Creating Cyber-Physical Systems (CPS) that enable the convergence of industry and pedagogy; providing students

with opportunities for professional experience and exposure.





OPS/images/feduc-09-1492308/feduc-09-1492308-t012.jpg
Themes Author Focus

Artificial intelligence in | Patange and Pandya (2023) Explores how Al and Machine learning supports mechanical engineers, emphasizing their role in

mechanical engineering enhancing industrial processes

industry Peloquin etal. (2023) Focuses on using Al to predict the tensile performance of 3D printed photopolymer with the aim of
guiding the extension of future models in the industry

Sheng and Wang (2023) Focuses on using machine learning o evaluate the distribution of pipeline steel mechanical properties,

emphasizingits role in assessing material qualities in an industrial context

Rizvi and Abbas (2023) Evaluates how deep learning and advanced data collection methods enhance structural health monits

specifically focusing on their role in mechanical infrastructure within industry settings

Yuan etal. (2023) Simulation of Artificial Inteligence applications in the aerospace field, and provide insights to bridge the
gap between education and industry

Artificial intelligencein | Ma etal. (2023) Investigates the utilization of physics-informed machine learning for degradation modeling in an Electro-
ig & phy: g for deg: 8
‘mechanical engineering. Hydrostatic Actuator System, emphasizing its application in mechatronics systems within industry
systems Faria and Barbalho (2023) Analyze the scientific constitution of mechatronics and its association with innovative products,
Chuang etal. (2022) Deployment of non-intrusive intelligent sensor systems and 5G edge computing in smart factories
Guo (2023) Explores the integration of artifical intelligence in the detecting of rotating machinery states

Kibrete and Woldemichael (2023) | The use of artficial intelligence in machinery for fault diagnosis

Artificial intelligencein | Sanche et al. (2021) Explores the application of machine learning to highlight and determine factors affecting creep rates in

manufacturing industry aser power bed fusion, emphasizing its role in optimizing manufacturing processes.

Choong and Cheng (2021) Machine learning application in the failure analysis of optical transceiver manufacturing
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Themes Author Focus

Using virtual realityand | Rossoni et al. (2024) Exploring the adoption of VR in education to promote active learning experiences, with a focus on its
Augmented reality potential to enrich educational methodologies.
technologies for 3D and Coronado etal. (2022) Investigating the portrayal of machines and mechanisms through AR for educational use, concentrating
CAD designs. on its implementation and impact within engineering education.
P P igineering
Kesler etal. (2020) Employing VR technology in the instruction of CNC procedures to enhance the learning process.
Yengui (2022) Utilizing AR technologies to educate students about machine elements, providing a more interactive

learning experience.

Polhmann et al. (2020) Leveraging AR to facilitate the vi

alization of engineering drawings by allowing students to scan QR
codes and obtain 3D designs
Lin etal. (2020) Merging Artificial Intelligence with virtual reality using Unity3D to enhance the educational experience

in robotic systems.

Assembly and disassembly etal. (2022) Exploring the effectiveness of training methods that use both VR and AR in teaching automobile engine
of components using VR assembly in the context of MEE.
and AR

Hernandez-Chavez etal. (2021)  Presenting the development of a VR Automotive Lab for Training, which uses VR technology to improve
the educational experience of ME students.

Wang and Ahmad (2020) Exploring the potential of serious games in enhancing ME students’ practical skills and working
knowledge.
Teaching Assistant systems | Qu et al (2022) Designing and implementing a teaching assistant system, specifically for mechanical courses, that
and Real-world scenarios employs mobile AR technology to elevate the educational experience.
using AR and VR Caridade (2023) Assessing the impact of project-based learning through AR in higher mathematics courses.
ARand VRinstudents' | Boboc et al. (2021) Exploring how AR can boost student engagement and learning outcomes in comprehending the science
engagement and spatal of mechanisms within educational environments.
skills. Klaric etal. (2022) Utilizing virtual tools in teaching dynamics to foster better student understanding and engagement in the
subject.
Awuor etal. (2022) Enhancing students’spatial abilites in the context of engineering drawing using virtual tools.
Probst etal. (2019) Exploring the potential benefits and challenges associated with the integration of AR and Internet of
‘Things (10T) technologies in engineering education, with a focus on ME.
Scaravetti and Francois (2021)  Investigating the potential of AR to enrich learning experiences and foster autonomy in the field.
VRand AR as laboratories | Lima et al. (2022) Utilizing simulation environments in educational robotics to understand their benefits, features, and
in MEE potential applications.
Barroquillo et al. (2021) Developing an interactive 360° walkthrough of MME shops and laboratories for specific engincering
courses.
Cordero-Guridi et al. (2022) Employing virtual and digital technologies to amplify the learning experience of engineering students.
Grodotzki et al. (2018) Aiming to bolster MEE education using virtual labs.
Mogylenko et al. (2020) Enhancing students'laboratory experiences by employing AR to provide detailed education about the
uniaxial tensile test.
Okuno etal. (2020) Implementing a virtual laboratory in a robotics course to enhance the educational process.
Use of mobile learning Popetal. (2019) Evaluating the effectiveness of a mobile-learning application, 1SO Checker,in teaching tolerances and
application designed to dimensional control within engineering education.

improve the quality of the

teaching
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Themes
Using of robotics
platform for
educational

purposes in MEE

Building and

operating robots

Mechatronics
systems in MEE

Use of robotics in
MEE

Authol

Hsia etal. (2020)

Garces etal. (2021)
Alietal. (2018)

Sawatzki and
Muraleedharam (2021)

Wei and Berry (2018)
Boya-Lara etal. (2022)
Bula etal. (2018)
Jovanovic etal. (2019)

Tudic et al. (2022)

Bello-Robles etal. (2021)

Zhang etal. (2023)

Ayub etal. (2023)

Sheng and Wang (2023)

Focus

Assisting students in learning programming through robot use, with potential for broader implementation in STEM

subjects.
Aiding students in MEE through robotic platforms.
Implementing Robot for classroom teaching in MEE.

Exploring the benefis of cost-effective educational robotics kits in engineering education to enhance learning

experiences.
Designing and implementing modular educational robotics platforms suitable for multidisciplinary education.
Enhancing STEM learning using robots.

Constructing robots from mechatronics scrap.

Exposing students to the vast possibilties of STEM careers through hands-on activities with drones and robots.
Assisting engineering students with the BPS platform for educational purposes in STEM technologies.
Implementing nonlinear control strategies for the Pendubot System,

Presenting a platform of wireless sensor and control network (WSCN) for use in senior-level robotics courses for ME.

“Technology Students.
Incorporating robotic kits in problem-based learning (PBL) of the mechatronic module.

Ilustrating the integration of robots in various tasks to transform manual processes into automated ones through an

editorial.
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jon for academic
integrity using GAT
Teaching methods and

developing the curriculum

Promoting Technologies in MEE.

Au

Lesage etal. (2024)

r

Aoetal. (2021)

Bencheva and Kostadinov (2023)

Mamedova et al. (2023)

Dagman and Warmefjord (2022)

Vogel-Heuser et al. (2022)

Sha etal. (2022)

Al for academic integrity

within educational contexts.

Discussing the reform and exploration of the training model for cultivating professional talents
‘majoring in ME and highlighting the importance of Accreditation as a quality assurance

‘mechanism.
Discussing different learning styles and delivery methods in Engincering education.

Aiming to develop a curriculum that can increase the level of success of engineering students in the

new format of studying.
Emphasizing the importance of redesigning future CAD learning.

Highlighting the importance of emotional and subjective assessments in the learning process and

suggesting the use of Al to enhance these topics.

Investigating the promotion of data science in ME research.
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Theme Authol

Alin CAD Moreno-Garcia

modelers, etal. (2018)
engineering

drawing, and

simulation
Bharadwaj et al.
(2019)
Mane etal.
(2019)

CAD modelers | Ravikumaretal.

asalearning (2019)

tool

Focus

Exploring new trends in the digitization of
complex engineering drawings, with a
specific focus on the role of machine

learning in the engineering drawing

processes an industrial context.

Developing a pilot manufacturing
cyberinfrastructure utilizing information-
rich mechanical CAD 3D models.

Utilizing artifcialintelligence to predict

polygon shapes in engineering drawings.
Discussing the use of SolidWorks CAD
‘modeler as alearning tool,this article

focuses on developing innovative

techniques that enhance the learning of ME

topies such as kinematic synthesis,
kinematic analysis, and fatigue failure

theories.
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Artificial Intelligence in | Kahangamage and Leung (2019)  Focusing on the remodeling of engineering design subjects to enhance students’ learning outcomes and
MEE in assessment educational approaches.

context Shyr etal. (2019) Developing assessment indicators to gauge the learning effects in students resulting from Al-based robot

design within engineering education, with a particular emphasis on evaluating AL's influence on learning

outcomes.
Kuzilek et al. (2021) Utilizing an artificial intelligence algorithim to predict student success based on their exam behavior.
Assessment tools in Pando Cerra etal. (2023) Exploring the benefits of integrating TrainCAD, an innovative self-assessment tool, into CAD learning
cAD methodologies and examining its impact on academic performance.
Jaakma and Kiviluoma (2019) Introducing two novel online auto-assessment tools designed to aid the development of both commands

and strategic knowledge in CAD learning,

Alin classificationand | Rodriguez-Martin etal. (2019) Discussing the incorporation of short CED simulation acti

es in fluid-mechanical learning, highlighting

the use of machine learning in educational practices among a multidisciplinary student body:

Belapurkar et al. (2019) Implementing automated theme allotment to enhance learning outcomes, particularly in rob

competitions.

Alaids in Assisting Huang et al. (2023) Exploring the intersection of Artificial Intelligence and design, delving into its history, present implications,
students & Facilitate and the challenges designers encounter when integrating Al into their work.
learning Auerbach etal. (2019) Investigating the use of robotics, specifically RoboGen, in inquiry-based learning, underscoring is role

enriching educational experiences and exploration in the realms of robotics and AL

Caietal. (2021) Introducing a chatbot designed to explain mathematical concepts, thereby facilitating personalized learning.
Chen D. etal. (2023) Incorporating precision machinery, AL and learning materials into precision measurement courses.
Clark and Clark (2018) Developing a personalized learning tool specifically for thermodynamics.

Bi (2020) Natural Language Processing that translates STEM (Science, Technology, Engineering, and Mathematics)

principles into English texts

Hsieh and Li (2018) Creating a system to assist students in learning G-code and mastering the necessary hardware-related

concepts for Computer Numerical Control (CNC) programming.

Liuetal. (2021b) Focusing on the application of rtificial intelligence, including BP neural network methods and hill climbing

algorithms, in teaching and training for mechanical education courses at universities.

iuetal. (20213) Exploring the integration of Artificial Intelligence into the teaching of machinery manufacturing courses.
“Tsai etal. 2018) Developing an Artificial Intelligence mechanical laboratory to facilitate advanced learning

Lin etal. (2020)





