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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

Journal of Control, Vol. 18, No. 4, Winter 2025

VEF Gl F o jled VA tlor o =S s


https://joc.kntu.ac.ir/article-1-1039-en.html

[ Downloaded from joc.kntu.ac.ir on 2026-05-02 ]

@\ﬁ\gﬁ)bd)gguaﬂ;ﬁ...\3}):@a}.adbjmayﬂl{b\ﬂdﬁf@%)})}»é}}@j}}nT

Ssho S| e dow 5 DLl s s

@l 53 Jimms SV b Lol s Al o Sege s Os
g g D g
thﬁijadjzfsuwaf@\cél,ﬁb\)w)s
PTGy GRSk sl & 358 e Ll pl 5 Aes o e
o m 5T s i S5 (s el bl cal )3 0L pomiils
iy 3l Dslite 5 e 6,8 0k Sladesms 3,50 55 AT 5150
sl 55 alsTs sla Ba, p L)l g 6 el od
sl o 5150 [0] e s J 25
bl o N ESGg IS Sler 0 gl Je 5 Ol
[#] 513 513 ¥+ A Jlo 51 OladMe oslizul (51 J 287 mlio S &
3003 O gl g B 50T aiaST LBl oo Sy 5asa dlo 53 omen
Ao T BT lats b s ol 035 4ot L bl
les 68T J 1S amale 5 ST emaiete
AL ol (o 53 Sl S35 4 | Olskad 3505 0yl
S o0 5290 25300 sm Osmen GV L1, 0T 5 ST (0 b 5
fus Iy Sl e Ob iy ol Hllsl e @
Solge O @ &5 (05 Iy Oleebl (g ssbr L@
§ Lo
Sl o b ar 4 LOT Gl o a s s ol @
Sl 55 4 S (74 (5,3 Al o8l OT g 4S5 255 1
ke L35 gn Olioes ba 3y ol 4 8 ool ils wsdS 3557
TANTL,15 01 5 Sla i) 41 S (6 2087 25 5 (5,18 56 el il
b ow Kol gl A&l Okl 1 iy S L Ol jes
JB Ol (g Oliases s 0gdhe) gl s (s 5l > slaoias
S Sl o sl gl 568 3k slacsT ae} 03 or e 5
35 oslizul LOT gl b 5l 5558 a5 LOT 4 WL
o3lizul (51 (s S b o Slas sad 31 (S Ol
Sl a5 b gily 53 ool 0 bl 53 0l cLel&isle;T 5l
sk Gl sous b atan (A8 ST Sl g slr 3
Eolo 5 U laysgdou OT dlax 51 45 034 5,9, o&Kils s
oja 0 (ABLgr 0 5 (SOle) (Slatydsdous ¢ S35 Lab ( Jle
50 ALE 55 Cela YF 6l a3 ol 51 oK lasT Sl eslizul o b
stbrtnn 5 L 130 3 S5 (6 g 1ol ok ol 5 i 5, ka5
4Lyl ot aedd atle & (65 5,8 laasl 5 Liles ST I, &S
Glaaslp b S 6SS b L e (o 5 40k ol o b (531
G5t Y 1 [ANV ] s 15 OT Sl 31 5 S (g5l only 1) 555
@ e dax Sl iseT S s ol sl e
bl Loty LT (s lomn et lasT 53 ol 1 slaolty 3T

Gl JLis & oy DLl 25 4 ar g Os ek s I5S
Skl s oo R B 6l e pp Glagtacn b SLudl sla Ul 5
[P il oo dadgn W 55 (gl Los
) oy e OB (S o oalin ¥ IS 3 ST sb0kes
AL T s m LB ) Al ol iy (slais5 5SS
et 4 s Glp " aelS ol s Ml sl Y onile
oalizl O i ol a3l L Gillae OV e A5 5 G5 S5
Ll 5 Lobal o 5535 (558 OISl lags 5 4 S5l kS o
Sla el 5 4 5 (ondls Ole slaeals jleslizal b 5 LS e oal 51,
S St (roman LIS (0w ) W5 lady e Ay
Pl 2 65 e 5 65 codalie Ul SV gl (SO

[F] S o Ll O ol Colutal 3iomd 55 cagn L2 (ol |y Laoea

Key Enabling
Technologies of| (-

\ Industry 5.0 /

LN

[F] oy (inine NG 08 Jlab (slags 4S5 Y IS

bl Opola gl 5 ST amalr sl 55 5 3 S
P03 e e al gy 4 5L e opl S e K Jb- !
3 IS 03 gy T 5 SN 5 Ll s5p 5 Eise]
gee o313 (gl m eglatd ) Az 6o S5 5l oS 5 L O peule 51
Gl gmn Oy ol il o (il 53) Ol 53 OLl 5 5 ges 6,8 00
ol U 2 L Fodom Jles Slaptaw 5 L oo "y
[Pl b dal s G150 5 J 87 Olaasens S s fos 8
= el S Do s ¢S e A LO)lee #ly s
ol JalSS a5 T Sililge 4 bl b lge s o o gumn
35S SRt Lol mlio g ol Lol 3l Gler s &
5T Dl gn CEIEST ol Jl 55 ol 5 s sl go g
L;LAQJL«..:3)}»):,&);dba\.&mguwdlé)q):léjéb
il S o B Jlaws o) 5 W 3,08 eSS g ohses
O S5k 6l 5 350 S)lge 51 S 631l 4 el 0B geT
Ll i dorly Sll agle oS Sl b= 53 ol ke a5 ST
Sl s Sl Hla) sy b s O o Gl (Sl el o 20 |

a8 Solee WLl 5 ST sle (s & S g

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 direct transfer of
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(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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(Quality of virtual laboratory design) 18 1.00 5.00 3.5083 1.17245 1.375
Valid N (listwise) 18

Sl ot IS o lasT s 6,83k 5 25507 53 s 555
) st Jsb 3 il e s oKl G wilige Ob il
G5k 5 S 6,55k dsle Jb 5,5k (sla By 3l e s
o 0 o3lial 55 g0 T 4t slacs, s TS Lol jen 4o e
s oy 3 oRale3T (gl oBtolesT Joli os w1yl SU!
Ll o3y (S oMKlT 4 s 5 il sk
MaslesT Gy b Sl eBaleT 53 (Sosd s 5 JS Oy
Ao lo3T 55 o ki o LT Ly 5 s fddly s b (6 5ne
s el (G lome (sLd 3 T L1y 350 Sl o 5wl ) g (53
aLi.‘..:_LAJ'TCA‘}:.g.?J 45930l 3l gw 2> o&l.m;@ dug e L33 5
;)\iﬁhi;\;)'\6,,.;.“,2;.;ﬁnurﬁtgg‘ﬁﬂ;éw@lgh#w,
Sl s (AisT o) 5l oYL Suls, LOT & sls ol
5T (6,850 Sl oslinal 457 das e OLES S labls eslinal 5 4
SN a s Wlg e ss oy s Sl WK LST 5 e

e SRS 3 685k 5 sl 55 SOl el )3 [00] Jlie

S50k G iy 5l e ol o 53 sl e s oKl s
o Sae S 5 s o5 (68 3L e i (6,85 A5l Jlb
3590 Slacs s le .ol ol o3Lizul ssjfTaJ:ﬁsu‘_;,,Bl{ulﬁ
oty s oy S oaleT il o&loiT Juls sslizd
S 4 Obmiils (ol 035 (G3lme Cundly 5 el (50T
Bl s 38 ol g o Ly 5 Ol o8 il 95 (255
s e e Sl AT Sl bl le i (pNT
Ol (55 o 5 s (55 5L 1 55 (3l ol 1zl
Ob gl 31 mten o5 ol 0l 03litanl oK Lo 3T 55 3 g 50 (sla Joo
Gl 5 (5T sl by 5l YL ol LOT & sl Ol
oo 6l 0L s2miils 055 02LT (ol Coa blazils o3linal 5 50
03y 4ty Ss)sT 5 I (6,5l Gl tsy S S LYY 0
03 M Ll Rl 3 S0y cpl 45T das e O mls Wl
S 3k S oslizal 031153 [0F] dlie .S sl curdiga 55 55 50T

34 1IoT: Industrial Internet of Things
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