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Technology-Enhanced Learning in Control Engineering Aligned
with Industrial Technological Developments: International Trends
and Iranian Experiences

Mohammad Hassan Janfeshan, Ali Akbar Safavi

Abstract: This article examines the digital transformations and the role of Industrial Revolutions
4.0 and 5.0 in control engineering education. Given the growing importance of these transformations
and the need for new skills, fundamental changes in teaching methods and content delivery are
essential. This study explores innovative educational methods such as flipped learning, problem-
based learning, team-based learning, the use of virtual laboratories, and remote laboratories, among
others. Additionally, a review of research and projects conducted in this field is presented. As a case
study, the experiences and results from implementing these methods at Shiraz University are
examined. The findings indicate that these approaches have significantly improved the learning
process and increased student satisfaction.

Keywords: Control Education, Modern Education, Advanced Technologies, Remote and Virtual
Laboratories, Industry 4.0, Industry 5.0 and New Skills.
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4 CPSs: Cyber-Physical Systems
5 JoT: Internet of Things

! Industry 4.0 and 5.0
2 Digital Transformation
3 ICT: Information Communications Technology
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10 CPCS: Cyber Physical Cognitive System
ITIFAC: International Federation of Automatic Control

6 Al Artificial Intelligence
7 ML: Machine Learning

8 Digital Twin

9 Computer Vision
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and dextrous work)
(machine tools)

Industry 2.0

Education 2.0
(progressivism and
openness to internet)

Operator 2.0 (assisted
work with CNC)!

Industry 3.0

Education 3.0 (knowledge
production and
coconstructivism)

Operator 3.0
(cooperative work with
robot)

Industry 4.0

Education 4.0 (innovation
production and classroom

Operator 4.0 (work

aided by human-CPS)?

replacement)

!CNC: computer numerical control and 2CPS: cyber physical system
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16 TBL: Team-Based Learning
17 pBL: Project-Based Learning

Bg lipped Learning
14 Hybrid-Blended Learning
15 PBL: Problem-Based Learning
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Flipped Learning [

Engage in projects and motivate classes:

through pre-learning

Role Play Learning

[l | Granting status, knowledge, and experience
responsibility for a role

Scaffold Learning

PBL
(Project Based Learning)

PBL
(Problem Based Learning)
| S

|_and experience with the help of experts

Suggesting altematives for improving projects
through redesign projects

[ transitional teaming of practical knowtedge I

collaboraticn to sohve problems
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21 Technology Enhanced Learning
22 STEM: Science, Technology, Engineering and Mathematics
23 VR: Virtual Reality

18 GBL: Game-Based Learning
19 Remote and Virtual Labs
20 Real-Time
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2 Programmable Logic Controller
28 AR: Augmented Reality

24 DC: Direct Current
25 Arduino
26 pRL: Professional Readiness Level
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32 MOOLs: Massive Open Online Labs
3 CcovID-19

29 RT-HIL: Real-Time Hardware In the Loop
30 pSE: Power System Emulator
3SUHIL: Hardware-In-the-Loop
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(Attitude to the virtual laboratory) 18 1.00 5.00 3.4167 1.38532 1.919
ICU
(Tendency to use the virtual lab continuously) 18 1.00 300 3.4630 129422 1.675
QD
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34 1IoT: Industrial Internet of Things
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