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ABSTRACT

In the era of the fourth industrial revolution, the world is undergoing rapid social change. The purpose of this study is to predict the
expected changes and necessary competencies and desired curriculum and teaching methods in the field of mechanical engineering in
the near future. The research method was a Delphi study. It was conducted three times with 20 mechanical engineering experts. The
results of the study are as follows: In the field of mechanical engineering, it will be increased the situational awareness by the use
of measurement sensors, development of computer applications, flexibility and optimization by user's needs and mechanical equipment,
and demand for robots equipped with Al. The mechanical engineer's career perspectives will be positive, but if it is stable, it will
be a crisis. Therefore active response is needed. The competencies required in the field of mechanical engineering include collaborative
skills, complex problem solving skills, self-directed learning skills, problem finding skills, creativity, communication skills, convergent
thinking skills, and system engineering skills. The undergraduate curriculum to achieve above competencies includes four major dynamics,
basic science, programming coding education, convergence education, data processing education, and cyber physical system education.
Preferred mechanical engineering teaching methods include project-based learning, hands-on education, problem-based learning, team-based
collaborative learning, experiment-based education, and software-assisted education. The mechanical engineering community and the
government should be concerned about the education for mechanical engineers with the necessary competencies in the era of the 4th
Industrial Revolution, which will make global competitiveness in the mechanical engineering fields.

Keywords: Mechanical Engineering Education, Delphi Study, Mechanical Engineering Curriculum, Future Study

LM E 706%7+ 253 AFA5OR iR RO oEsha gt
Frrussts R & AR, 2017: 29). ASAH
2X 5] ﬁx} Aol s o ol tiAIsHAl =7l ]‘j s
E2o]2] okl ERshaL thEAIAS] I A QIxbito] A
2 g O]E} a2 AlA A 5 4= e dEE 719
= A2 ML 58 =7 BAY ol vl¢- F8sEE v
W5 QP W= HS2A3] Aol Wasith

1971=29] AbAA|, 8k, A5 TARE 1200170 =31 714
F5ko] g v]A(2028 Vision for Mechanical Engineering)

ALEHSEY] &b FASkaL WEA XY HA u|fakE]o]
gjgh d&7sAL Wolkj vhd u]djef digh B3 ©
818 AL ARIRAE A o EeliAa Qlck olek 22
A& B7Fset AdsolA AR YololA] atEE Rk oA
et BAEE sEoltt. vl 2016WdlE -9
12.5%7F 223 dFAso] @Esiaoy 2025Wel=

r

_4

£”.=

Received April 8, 2020; Revised May 7, 2020

Accepted May 9, 2020

+ Corresponding Author: ksyl124@yonsei.ac.kr

©2020 Korean Society for Engineering Education. All rights reserved.

2 A7) Sk A A BolelAE o 200] W B2t B
Ol't 75]'04%] _QL?_oﬂ EH__‘GL 7:]21431 01‘:_ 7]74]5’_81—x]~‘: A
g3k sk 3 4= glojok Biekal Fskga oloh 2 A

49



Uol2 uhstolo @2 FASHIHASME, 2008)

Tt eluel @ALS 4% ARIET AT Bl kg
5, ST, 22 591 428 7i6g O 4+ Sl A0
A 4 Sl MR ARSI A
ASIE letd Z A

(i
e
e 4>

E) EL
Ll
—? ﬂil
N

A
L N

30
rir

=
£
11
4 1o
Jjm
ad
=2
o, o
=
ML
s
o wlo
of
ol
2o
_E.d
g °
o %
rlr
O
nJlo
fol o
(ST =

Ho
o,
N
of:
ol
g = A
N
°Q
o
o
i

2

(lo

e~

R

S~

>,

o~ 2
e
ol
>,

o

Al
=

—

2o MA <l Hatet

Okl

QE
El
Ho
10
e

S48 Helels gAlgol -2 Faket EHsel 4
Ao Zofslr] Qi 7e EH AFY RS sl
o= ’\Hio delitto] Fasict. Teut AR wSAIAE
= S99 7Ies50 gl 7Iedd £=5 et
A ] dAbe9] 3o ujAmR|7F HAE 7hsAdol =
o} 7|29 YAt Eolse] %l HA o AdE b
o} BhH AtgAR ol A= vl Agol et A 2
= s ﬁig}h o] ojHt.

AEFAES HIRT 7]ee S48 Wd2 ke 4k
7to] He= °]—4 AIA ARES W3kA]7]aL §lom olof whet
gt q=Fe Wskstal glek Jonson A3} AlRjofl=
Het AEA AT shEgopd SRR ZQAREle| A58 ZF
AAATE ol shgof tigt W% Ad(learning agility), %
5/J(adaptability), 37s2(empathy), ZZFAA X*-r’“
(transdisciplinary expertise)©] 7}X|7} 3}& 02 oS54
t} E3] 1= YIHsH ufeltAl(agile mindset)S 7E5H=
t ol flsl 34 8, Feole sHA FYH AlLE &3t
A EsE, BA7F A Sl BRSIHNAE, 2018: 19).
S. Joppax= Real Time Talento|A wd|AEr AHFx}E0] <l
AojoA] 8sh= 71249l 1] A vt ol A
ABIHCHNAE, 2018: 36).

- Oral Written Communication(&%%53)

- Problem solving(ZAI312)

- Project Management(Z2AE =)

- Troubleshooting(EAI¥2 7#3%)

- Attention to detail(]Adgt Zlof| F+2])
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- Creativity(32JAD)
- Self starting/self motivated(RF7|1FE)
- Integrity(’3214)

- Work independently(Z5384 2+
- Management skills(@&] 58)
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AfolHA| AR 2] AJAElo] Afslo] e aREsh= Al
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National Academy Press(2016)2] X.1A{o] 2J5}H u]=; of
8Fo] Q% Cyber Physical System¥e 228 =2 AxjlA
oA AdE]ar Qley. sRRolA] 7Rdsl= tHEk Univ. of Illinois
9] College of Electrical and Computer Engineering® “3-%-
ECE 486: Control System =3} CS 431: Embedded
System =2 7)d3kaL 12, New York University2] 7%
School of Engineering®|4] CS 2204: Digital Logic and State
machine Design, EL 5483: Real Time Embedded Systems,
University of California®] BerkeleyollA] EECS 149.1x:
Cyber Physical Systemss2] ¥=5o] 7jA%aL Qi

A 21st Century Cyber-Physical System Education(NAP,
2016)°14 AAIZE CPSFAIY 71AE et SRSy wd
2 ol Table 13 gt}

Table 1 Model for undergraduate degree in mechanical
engineering with CPS emphasis

F

i B

Calculus 1
Calculus II
Vector Calculus

=5} 94l | Differential Equations
7]123}8t | Linear Algebra

(91M%) | Probability and Statistics

Physics I (Mechanics and Dynamics)
Physics II (Electricity and Magnetism)
General Chemistry

Introduction to Engineering Graphics and Design
Mechanics [: Statics
Mechanics II: Dynamics
Solid Mechanics
A= Fluid Mechanif:s
Az Thermodynamps
T System Dynamics
o Engineering Material Science

13345, ) .
( =) Experimental Techniques Laboratory
ME systems Laboratory
Heat Transfer
Design, Materials and Manufacturing
Engineering Economy
_ Introduction to Computin
ke pune
° — | Circuits and Electronics
Sy = . . . .
CPS T+ Computational Methods in Engineering
E:F}QL Instrumentation and Electronics Laboratory

Capstone Design(with CPS-focused project)

Principles of CPS
CPS #419] | Network-embedded systems programming
AelTlE | Signals and Systems
Aot Control of Dynamic Systems
Model-Based Systems Engineering

(source: National Academies of Engineering(2016). A 21st Century
Cyber-Physical System Education. National Academies Press. PP. 46~47.)
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Table 3 Delphi survey methods and schedule
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Table 4 Expected changes in the field of mechanical engineering in the near future (within 5-10 years)

32} dujo] B4 At
P

=9 Wt | #29A| CVR
1 |[71A BA 6 AZ AARE Y FF AT AL SE FABI 43UA 7153t 1 4.9 0.28 0.86
2 | 71AZNA AFE $8 2of g 2 4.6 0.51 1
3 3 o729t 714 AA Al wiet 239 fASK(flexibility)2t 222K optimization) 3 4.4 0.51 0.86
4 | System Engineering® 274 5 4 43 0.47 1
5 7)1 A8k (Machine Learning)9] -8 5 4 4.3 0.61 0.86
6 | Last Al A71E WAk, I A71E EokE battery 7l& WA 4 4.3 0.61 0.86
7 |AIE HAIR 2R 4 3 € B & 4 4.3 0.83 0.86
8 | EFEA 7wk 71AT e 22 Mo 4 4.3 0.73 0.71
9 Statistics-based Analysis and Control 5t} 9 41 0.77 0.57
10 | B 7ARRE S0l ARt A71AQ] s4aEa) Adsle] ARl 71Ae4 T Fole] SHEARl W wst| 10 0.39 0.86
11 | E3R] 7158 ZE= complex system AR 71E AES) A5 T, +9 O, fAE, A4 45| 10 0.41 0.71
12 |5 oUALE sk B2F ovR] B4t Boprt A4 o 44 Uy 12 3.9 0.62 0.57
13 | Multi-physics 34 3 12 3.9 0.73 0.43
14 | Austy A iyt AEHold &8 14 3.8 0.58 0.43
15 | EHE A4 349 AFs2Hautonomous) 14 3.8 0.6 0.29
16 | A %Y, 28 ol 5 uleehdel Rokel HE S 14 3.8 0.74 0.29
17 | &% 284 Aol o B J7 7RAE Bz Ao] ool At ZlsE) tagl Zlge v 2| 17 3.6 0.65 0.29
18 | &/d8s, 1ag Aulg, e EFALE 8 S 17 3.6 0.74 0.29
19 | 7IARSSE A7) ARk, RsEesh S 22 7180 A RS ouit glom oot Eolek g3 g | 17 3.6 0.76 0.14
20 | WHe/utole ol ) 20 3.4 0.63 -0.14
21 | A#Rct Domain Expert @ Domian KnowledgeZ} A4 ¢ 23 21 3.1 0.83 -0.29
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Table 5 Job prospects in the field of mechanical engineering in the near future (within 5 to 10 year)

- 32} dzto] EA Az}

) 29 ##F | ®E | COR
1 | 7148 7|9 tE Hd Hopo] digt olsfE 7171 A 871 F71% Aeorh 1 4.6 0.5 1
2 | 71AZE delld A2 Bot A3 o g Aol 2 44 0.63 0.86
3 | 7)Aok AN, B8 2R, SUE, o] A&H o2 IAE Aol 3 4.3 1.07 0.86
4 | ATEA 714 Eopll MEH Uk 9719 4 ik 4 4.2 0.43 1
5 | 71438 Hole Y A2 3AHo 5 4.1 0.36 1
6 | 714 AAYol: B A2HE tRE fiUARA AES 814 F Aol 6 4 0.68 0.57
7 | 229 ARY ea71 F7KE Aolth 7 3.7 0.47 0.43
8 |2WE HEL: e AP 2T Fofolok 8 3.6 0.65 0.29
9 | 71AREE AR olol| tigt =8 HH o Wold Hojtk. 8 3.6 0.65 0
10 |71& AR 45 &, %8 9% Sl ozt =87t wold Aeolth 10 3.4 0.63 -0.14
11| 71A8E xYelo] Add Auje] 585 B3 ARl 2ope] =871 & Aot 11 3.3 0.47 -0.43
12 | TR U YS sl 584 ouA) 4t Rolrt Fd o A% ud 12 3.9 0.62 0.57
13 | 224 AelA 8s agdes Hejske U oA E Aol 12 3.1 0.47 -0.71
14 |ITY Hpo|@of H]3) 7|41 Hoke] g2 Atia o 4] ok Zo|th 13 2.8 0.89 -0.86
15 | Aushr Qe dis AEHold E&§ 14 3.8 0.58 0.43
16 | ZHE AA 349 As3Kautonomous) 14 3.8 0.6 0.29
17 | &8k FEARE o] o g 57t 7RIS AR Flo] dPdElo] At 7ieict ARl 71| o 8 16 3.6 0.65 0.29
18 [ARIAY, £ e 5 HlTEhdl Hoet HE Z) 16 3.6 0.74 0.29
19 lé/ﬂi%%k IEE, AU, A EFAIAE £9 F 16 3.6 0.74 0.29
20 | 71ARSS) AR AEEeh S 2 718 AE S ouprt glon et ool g3t e | 16 3.6 0.76 0.14
21 | e/mtole Ho gj 17 3.4 0.63 -0.14
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A Is st 4 HRof| HEstolof gitkar 469t

4. 7Pkz Blf 7IAlEsS 2ot HYUY AEs &

F7| gt ns2ky
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K=, 33}, AE 5)(4.3/58 THd), tpekek shELt 5
3 W8 (4.3/5% ) Ze /Ay B8 (4.2/57 T
o] = 912 Yetith dlolg A2 7| ws(d: Blgo]E]
g8 W8)(4.1/54 7)), Cyber Physical System %

(4.0/5% v, 38e](4.0/5% TH= Zast wsago

2 QA=Y 7IAIRRE(3.9/568 BHY), AFAS3.9/58
), 3HE|AE)(3.9/54 W), Aag dxJoly ws
(3.8/5% W), AEY = %*%%7(3 757 W), AWy
Aol 15(3.7/5% TH) Fol 43F AAASE A B At u
sgoz AR

Uhe, vjol, A4 R A, R 1% B BRIIEL
HAE AN 713 Rorel WY ok 23] I8 ws

Aoz AAER] Tk
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3 FAs19ck. 3D printing, drone, robotlcs, bio—mechanic,
battery, solar cell, sensor S} Zo] *ﬂ-ﬁr% Hopol| A AF
Aow 1 Fop] et A dS T 4 Sl 71SE Alsst
+ Ao dasirial Algkstgich

tE widS A3AR1 7 A Ay e Hoh SoFste]
ﬂ%ﬁh— 2 ] RS B oot FUT ¢ Sl T
A WsIgE 9T AL skt

a QOHE AR 71AE = P st
AolF7| (i, A, AR, Ao, &4, 24, X*'d])
o= EIZI‘:" 71‘* As8E kAL Qlo, 7
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Table 6 Competencies required for mechanical engineering in the near future(within 5 to 10years)

3% dato] FA Azt
g

=9 Bt xE CVR
1 |89 59 1 48 0.43 1
2 | B EA 3E 59 2 47 0.47 1
3 | Self- learning 5% 3 4.6 0.63 0.86
4 |2 EA=EE S 3 4.6 0.63 0.86
5 | Th¥E Bopo] gt §4 Alals 5 45 0.52 1
6 |ARUANL 24(EA A L IR B 5 45 0.52 1
7|3 5 45 0.65 0.86
8 |system °I3f &3 8 41 0.36 1
9 |Cyber-physical systemol| Hi3t %3 8 4.1 0.36 1
10 |9HolH olsf € & 58 10 3.9 0.66 0.43
11 [ A2 249 A= $-& 58 11 3.8 0.43 0.57
12 | AAMY Bt gt ol 12 3.7 0.47 0.43
13 [AEFoA 24 59 13 3.6 0.5 0.29
14 |92 5 13 3.6 0.5 0.29
15 |k Esfol| digtk ofs)e 13 3.6 0.65 0.29
16 | AxEe] darejge] oigt osf 5 13 3.6 0.94 0.29
17 | elvx] muEol digh 24 17 3 0.39 -0.86
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Table 7 Curriculum for professional competence for mechanical engineering in the near future(within 5 to 10 years)

. 3A} dajo] B4 A}
K
<9 Hat xE CVR
1 |49 IKZA5//A/E9sh 1 4.6 0.5 1
2 |71= FHETY, 35, BE D 2 43 0.61 0.86
3 [T SR BEY us 3 4.2 043 1
4 |EZ23dY/E9 1L 3 4.2 0.8 0.86
5 [HolH A 7l 2% (of: HHold &8 1S) 5 4.1 0.53 0.86
6 |33 &g 6 0.68 0.57
7 Cyber Physics System I 6 0.78 0.43
8 | 7]A185(machine learning) 8 3.9 0.53 0.57
9 | BABAD 8 3.9 0.62 0.57
10 |sHudR) 8 3.9 0.86 0.43
11 [AN&" dAYol 25 11 38 0.58 043
12 | $A84 tool EE 18 12 3.7 047 0.43
13 | AFYAA & 12 3.7 0.73 0.43
14 |vlole ¥ ws 14 3.3 0.61 -0.29
15 |44 2 Aygt 14 3.3 0.47 -0.43
16 | R0k (A Aol A7 2 4k &) 14 3.3 0.73 -0.43
17 | VR(Virtual Reality) & u< 17 3 0.55 -0.71
18 | o me 17 3 0.55 -0.71
19 | #E=3) o0& 19 2.7 047 -1
20 |71 Adw) ws 20 2.6 0.5 -1
Table 8 Teaching methods for professional skills for mechanical engineering in the near future(within 5 to 10 years)
" 32} dajo] &4 A}
=9 At ¥ CVR
1 |Z=2AE 7] 44 245 1 4.7 047 1
2  |Hands on ZE(ZZEERY] A2} 5) 2 45 0.52 1
3 | E 7N B 3 43 0.61 0.86
4 | EA714kR5(Problem Based Learning) 3 4.3 0.61 0.86
5 |A¥ 349 18 5 4.1 0.66 0.71
6 |LZEe] ZRTH e IS 5 4.1 0.73 0.57
7 | EE4 4 7 4 0.78 0.43
8 |¥Fds 8 3.8 0.58 0.43
9 |o]2 349 A4+ 9 3.6 0.76 0.14
10 | 2412242 BAKmimic) 9 3.6 0.65 0
11 Flipped Learning 11 3.5 0.94 0
12 |CADE Z83t ¢ 12 3.4 0.5 -0.29
13 | AR(augmented reality, 27@4]) & S 13 2.6 0.63 -1
14 | VR(Virtual Reality) & -5 13 2.6 0.65 -1
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