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Abstract With the acceleration of the Fourth Industrial Revolution, Internet of Things (IoT) technology
has emerged as a core technology driving the digital transformation of manufacturing sites. AX (Al
Transformation) utilizing artificial intelligence is acting as a key driver for improving productivity,
quality, and smart factory implementation; however, specialized human resources are in critically short
supply. This study integrates the results of an AX transformation demand survey conducted on 23
manufacturing companies in the Cheonan region with an analysis of IoT-Al technology trends to
propose a systematic education model for manufacturing AX. Based on field needs and technology gaps
identified through the demand survey, we designed a three-phase education model—Phase 1 (IoT-Al
basic competency), Phase 2 (manufacturing data analysis and utilization), and Phase 3 (practical
application of manufacturing AX)—adopting a field-centered learning system that integrates theory and

practice along with corporate mentoring to maximize educational effectiveness.
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2.1 loT 7|8t AOIE MIE Jl& S

AEQIEY 7]&2 AR ARPESLE THESlole
A QAR =AU9] AE|AEF4.0(Industry 4.0)3 1]
9] AH QIE|Y(Industrial Internet) 5 F8 Z7F=9]
AzH4l kel FAo AA}HB]. Lee et al.(2015)
2 AolH-E2] AARI(CP)T [0TY ZFo] AxA9]
5C F+Z(Connection, Conversion, Cyber, Cognition,
Configuration)& BT AA6IloH, ol= @A
2ne WEe] @] 0|27 s[yo] B3 UrHel. Fuf

e FAHMAZIATE I AASTIALRE F4HeE

AUtE 34 HE-2HE ARdo] A& FXIEo] ghor,
20239 715 <F 3Rto] 79 ARIE FAgo] LEE T
[7]. 234 Kim and Park(2022)2] 7o) =4 =
Y 4 Az7149 B 10T AA HolE9 tha 43
o] M= 397t Eol, Holeg AdA P4t
Aglo] &8stz FFo] FEF A0 E YEHTHA]. o]
= 71& T4 A AF IF Ado] B ook g
AJARSH}, Zheng et al.(2021)2 IoT 7]6F A& A|AHE]
oA Al2t9] FRto] KIS RAES, F4 ol &R, A
A 2AE -3 5 YA 75 FEske d E4h
& BESHHA, B AAE &8-S 5 A% AR 4
FEAF 50 oS I THI]. AHIE HEF
T8 522 g AFs3Hlevel DoARE A 43}
(Level 57HA] FEEH, =W F47149 does
Level 1~2 =50 HEL Qlo] A9 & ATS gt

A Fgol AlFditt.

2.2 Al H2HAX) us A ST

Al A% w50 B3t A++= 20209 o] F43] F
7Fslal Qlout, Az #opoll E3tE AX w& Hd A+
L A og BESt} Choi et al.(2021) Al gH
2JA(Al Literacy) NdS EXZE 4] 8% SARE 9
g Al 712 S nEYaE AQteroH, E9
HIIT A3AE 93t A% S4 189 S48 4Xs
FTH10l. Hwang and Lee(2022)= AZY FARES
tdog 3 Al W& 7AiM AolA, B HolHE &

8% 24 9129 SKe(PBL)] % WEE % 4w A

8 o] fould PH FFL At R AF B
4e Fo FFAAHIL. FAHOEE Marr(2020)9)

ST 19 A ©do] 7Y AX A= o] g 28
=3 QJOm[12], WEF= Al ¥ A5t SAk2] FEo o
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ATH13].

23 42 Tl DRI 7| U Mt

2 7|9t 2-83Hg A7 (Needs-Based Curriculum
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A =9 BA—- sy B 44— oS yi A1
74 2A9 &3 37go] A AduS HA 9 7|E
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7|47} QA AAE CARQl B4)9] Wo] shsAke]  RojlA I Y¥jleZ AX Zd?l;g ST Yi AR g
AR =g o] 7|odFke AZEPom[15], Park EHLHER7.0%), TH nS ZEIW EA(73.9%),

and Kim(2023)2 3324<1 AIEE w89 948 7]

A @ A9 SIA aA, Y HEH A= 29,
ﬁ°* A HAE FEE AASFATHI6]L. Lee(2023)=
[oT-Al A% AULE AR WL80)A] dlojg E=A], Al
A olal], Al B &g, A4St A=) Y] 71x] 4] A=F
o] TAF Jfdo] WAL FR5IATH17]. ol4ke] A
PYATE Eotd, EEQI AR AX ¥ 1d AAE
Aaixe AAH ez B @Y U= me
IoT-Al 71& 5% &4 ol A A, F 24
9] A% B3 w8y TEolghe Al 714 o] A

G0 =5}
A B3t

3.1 29X HQ
2 AFoAE Ax AX B8 2do] B AP
H3l7] 95 Aok A Ax7FLS oz AAH

- **]“é ANsdet. 24} 717 20261 3YHE 4
7R oF 8F 7o, AFAL K&, Ax-A7), 71A-=
& AF 5 Y 989 S5 AxVY 237 &

=, 1™

gzt 9 AR Jdz} 67HS o2 x5 A8 A
= olgHE Wiyt RAF Y& @IOTAI e T
A FY, @ AX A "o 4 == © A A9

IF FECIE HolH-AX F=), @ S 8 I 4
FAe9, ® A5 wS A 9 7IRE © ARFEE 3o
% 5 6/ YR A5t AR A 4 2
3} Cronbach's e = 0.872 W& d3#/do] ZE =t

32 $QFAF A1} 24

[oT-Al 71& =Y ¥k
AE LR Z=ARE 7192 17714K73.9%) R
O[ElE Al 24 B&dh= 71U 47MK17.4%)°1 &
Tt ol ToT U=} 7534 Al 8 A5 9] &
At AZE HojFy, 7]ed) 9] 94 Ad e
A& AARIE AX A% 8/ 14 'FE 39 Y AX
Zgho] " sttt = S0l 91.3%Q21/AADE vl-¢- =4
e 2Eu ARl AX A Ags Ewc-’rﬂil A

£ SH 26.1%(671ADe 1A, B4 A4} A
F8] 2o AR7E 2A EAtE DA ﬁ% ]UE

2} o4k 23704 % 10T Al
oy, %4 o

AX A} B8 FEH(65. 2‘%) £o = upopE it

(Table 1) IoT-Al Technology Adoption Status(N=23)

Technology Status Companies Ratio(%)

loT sensor deployment 17 73.9%
Real-time data monitoring " 47.8%
Data-based quality management 7 30.4%
Al predictive model utilization 4 17.4%
Smart factory full integration 2 8.7%

WA A oA 2 ) 9P I 57 Ax A7}
B7F 2%, 71& FH(oT AA-HENZ ofsl) 2.417,
glolg d=K(Hlolg EA-AT ) 1.874, AX A= o
FHAX 718 A%) 1.637 22 YeEth 53] HolH
FF AX A= HFo] FAS| Wot o] F FHo Hit A

< ASo] TS & 4 A

(Table 2) Current vs. Required Competency Level
Gap Analysis

Current Level RETUIREE
Competency Area (5-point) Level Gap
P (5-point)
Technical
(IoT/Sensor/Network) 24 4.20 179
Data
(Analysis/Al Utilization) .87 435 248
AX Strategy
(Planning/Execution) 163 410 2.47
Average 1.97 4.22 2.25
2o AF Luee) 180l /1Y A 9Fo
= Xih glolg £1-24'(86.6%), 'Al & 1Yl 1=

9 &8'(80.6%), 'AWE HED] HA 9 2F'(74.6%),
ToT AlA-AA] HutolX 744'(68.7%), 'H/dF Al 716t
A A (62.7%), 'AX Z=F =9 9 ROI 24'(56.7%)
+£0& Ueigth A5 ns ¥4 9 7|1z @7%F Hlolg
E—‘_ E-_Q_f‘;]— /KL/_\. Z/ﬂ jl__n'__ A—]_g_o]—,“i_ —8-%0] 94 0%=
dEHol9lom, o] Zojuto g JLAE WS- A5}
£ 82 6.0%° Sttt 15 7Ikte 2= 3~670
Qe ATk 5ol 67.2%2 7P Wk, 1714 o]
Y 7] 328 ATE 11.9%0 I I8 A EE
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AUk, ol= AAZE FA HAL el ol EA 5
£3 ‘FF—S-O]'DEL W5 BEofA X HFPI G Al
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A2 E9(Digital Twin) 71&2] A% 20|} &214]
Az A 9 32 7H F300l EAIsk] AlEdlelA
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Zgsict. AlA|, A4F Al(Generative AD2] AX FF
Z—*.—QO]E}. LLM(Large Language Model) 715t2] 4373
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o|SH, F4 BuA A4 SOl 8= AlAsIA o]
of w2t AP Al =7 28 5ol MR A IFe
2 FAstaL Sl
A, Az 53t Al SRF9] AJgoltt. Siemens
MindSphere, PTC ThingWorx, AWS IoT SiteWise
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Sk QAE Table 37} o] =&ttt Table 39
2 B8 m2E 4 sk 24k 37 Al dA Q) sk
Hﬁﬂi 233t = 9tk 19AlE oldl(Understanding)'
O [oT-Al 7|% g3t o784 E mletstar, 2t
Ae 'E*'](Analysm) FE0=2 Az folHE £4-&
A5lo] QAL ES T&5h, 3l ' H-&(Application)

H
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FEOR A B A0 AX EFAE AT Eshe
A& widdeh o] Al @A s AV & A

& 2H9] Phase 1~3 29 &A7F "ot

(Table 3) Demand-Technology Integration:
Curriculum Element Derivation

Demand Survey
Finding

Technology Trends

Curriculum Elements

Low data analysis
competency
(Gap: 2.48)

Edge Al & real-time
data processing

loT data collection &
preprocessing

Low Al utilization rate
(17.4% adoption)

Manufacturing Al
platforms
(SiteWise etc.)

Al model building &
platform use

Weak AX strategy
competency
(Gap: 2.47)

Digital Twin & process
simulation

Smart factory design &
AX roadmap

Demand for GenAl
workflow automation

LLM-based
manufacturing Al

GenAl application &
work redesign

Preference for field
PBL (94.0%)

loT+Al integrated
platform growth

Field project based on
real plant data
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(Table 4) Three-Phase Manufacturing AX Education

(Table 5) Demand-Curriculum Alignment

Model (®: Primary, O: Supplementary)
ltem Phase1 Phase2 Phase3 Required Competency Demand (%)| Ph.1 Ph.2 Ph.3
(Wk1-8) (Wk 9-16) Wk 17-24 -
Mfg. data collection & 86.6% o
Stage loT-Al Foundation [Mfg. Data Analysis AAX ﬁ:fgilssl analysis
g Al predictive model building|  80.6% o}
Demand Tech. gap Data gap -
Basis 2.41/50) (1.87/5.0) AX gap (1.63/5.0) Smart factory design & 74.6%
operation
loT architecture Data collection Smart factory o & od
CeiEis Sensor/Edge Al Visualization Digital Twin ° ser;_sor " edge 68.7% [ ) O
Al/ML basics Predictive model | GenAl utilization configuration
AX overview Quality detect AX roadmap GenAl-based workflow 62.7% o
. . 0
Method | Lecture+Lab (6:4)| Theory+PBL (4:6) | Field+Project (2:8) automation
" f AX strategy & ROl analysis 56.7%
Evaluation Written test & Portfolio & report Project

diagnosis presentation

0BG TS AntE BEY A% R F4F
A A7 40) k] v e g9, do)

g A, dlolel =3 MY 5 Ag GHE 41,
2= 7]HF Al ZHE(AWS SageMaker, Google
Colab 5)& &-85to] AA ML 4SS 5= A=
£ gt sexAlolA AEE F8 Az Al SE=iE
(AWS IoT SiteWise, PTC ThingWorx $)2] A3 &
A= FHg

Table 58] 4 21}, =3 XAlA 80% ol4e] &
8T E HQ A 270 IHAR dlolE £4, Al &
4 752 Phase 29 39 FF #HAEHILH, 2E
g F=Fo] Phase 1~3 F ot o] dAlOA o=+
A EE A= £ 58-S o] SHE
At

Agt =Y S Slsh] s 7|E B4 1Y
mElste] W $4E Table 6ol Asict. Alet 2w
o Sz 7N BRI £3, 716 BF DA, AX A
% oY e W AEEes

(Table 6) Comparison with Existing Education Models

General Smart Factory Proposed
Category loT Edu. Edu. Model
) Systematic
Demand survey None Partial (N=23)
Tech trend Limited Eauipment= | ;1A Genal
analysis focused
Curriculum basis | Expert opinion | Gov't standard Demsr?\?;:%h

AX competency | Not included Partial Core objective
Industry linkage Limited Partial MS”TO””Q*
Field
) 6 months
Duration 1-3 months 3-4 months (4wks)
Assessment Written Practical Portf_ohoJr
Project

3 9 Zyea * KPI

2 A9l nS RHofA A} Jdsof & 4
IFE TR 2AF 27} 7| 5 A4S wrgsto] Al
712 dgoezm  FEHAL  7|%&  F=HTechnical
Competency): [oT AlA 4, AA] Al &€&, Python
719k Al 2Y 74, S99E SHE &8, vojE IF
(Data Competency): A|Z 3% dlol&l a4, dolE]
4 T, Al 9l& A39] B|2YA o), AX A g=F
(AX Strategy Competency): AX A%t 713] W=, ROI
7|8k Bxp 4591 24, BETE Al 7INF A5 A,
AF 2ol WS g3t 5HE A3 KPle 1S TS

> 4.0/5.00% 5 F), Al 97 A 4= 30% o1
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