20264

L
_#O_l

ok






ok AL 8 9] =
A wag o] gH

A Study on the Factors Affecting the Acceptance of
Collaborative Robots for Smart Manufacturing of Small and
Medium—sized Enterprises

202543 129 o



o

)

f—

0

A Study on the Factors Affecting the Acceptance of
Collaborative Robots for Smart Manufacturing of Small and

Medium—sized Enterprises

o

o)
=

20253 12¢

=
o
ao
el
T

DN

ol

Ul E§

job

o



o

job
o

o)

o]
=

]

o

2025 12

2]

A 9]

Al
g

g F

g 9

A 9]

Al
o

2]

A 9]

Al
g




K ©
W o

=
B

o o

249 8

SHI—

0oE g

cvtEdEY ALY AT

ok

Ao

ol A &% =25 (Collaborative Robot, Cobot)

B
==

<47

z:gl_

ol

R

O
A
el
ze]
%!
0

_lr,”

0

;Qn_

%

—_
o

R

1%

Z—,

A ]

9

et ole A9

Ay

et A 7] 2l
A Z719 (SMEs) il Al

o
ZE-]_—‘C

5|
H

TAa

ki3

7F=E 91

3

3

tiete =

o] ZA7E obye}, 24

3

=28

=]
S|

2
=

]

7

Els

o] ©

3

(e}

H

—_
fite)

ﬁo
B

9] TOE(Technology-Organization-

2]

]_
7h1

b4

EXY

2+l TAM(Technology

O]}\]
RS |

Framework ¢}

Environment)

s

o

—_
file)

Acceptance Model) S &3t



2JACEHA ol

(Perceived Risk, PR)
P
2]

o2E 7|&E

3

o
=4

|

o
vl

9

Fem, TAMS] vij7)

AS

S|
=

=

H =
T

19, =

X (Perceived Usefulness,

A

1=}
T

(A4

o

Q
a

=]
Sy

ﬁo
A

o

b,

°

B

=
T

J

o
=

[e)

PU),

221 (PLS—SEM)
(LS)e] 1A

—Z

A, TOE

3]

(Perceived Ease of Use, PEOU), 18]a Q1A% <
A

AN

SmartPLSE &

e

—_
file)

0
o

=)
m
X
Nlo
<
)
N

Al
T1

A" o] A (PEOU)H Q1A

A A}

[e)

7)%9] A Bk AFEA]

A (Safety)

A
fus

]

?_}:

(PR) <l

J

ks
=

4 9

M
o

—

H

—_—

0

&

il
Mo

o
oy

KeR
T

(PU)
A (+)9

0

ojo
oF

™

A

A, 217
(ADell 7}

ted 7Hd ol 7]

o

EEIE
o ALg-e]

}

R

2

]_
(AZAF B=0.464,p<0.001).

(PEOU) = 4lol of

2] g

i

A

fviel

fuy
o

2719 Te =9

Nlo
E



HE

114

3
3

&

Bk v 7|

-
R

) 7 =

=]

=
T

SR

— o]
__l.]:]

f

o

-
T

o] Al
T 1

SIAAR AR

=]
&

Jo ek

!

o

AR R

<
<

o $EAES RO

BT

A= TOE-TAM-PR

L=

oy

=
<)

qAH ez A

TEE A

m

%

O

wjr
el

a7 =

7:5_]__

FAE= WAS

B

K

R

(TOE), 7|&=8 29 (TAM), SIAH 49, ¢



;q] 1 ;g— }\-] B e 1
;q] 1 A CEZF- HH%] g_l rég_/\é] .................................................................... 1
1. ?ﬂ? HH7§ .................................................................................................... 1

2. 03‘7’ rég_/\g .............................................................................................. 2

;q] 2 A oﬂ‘—rL g@ g_l .E.xﬂ ........................................................................ 5
xﬂ 3 A ol Hg-q_]j ........................................................................................ 6
1. A8 - 2 FE A e 6

2. x]_g_ %/_\j Eol—lﬂ ........................................................................................ 6

zﬂ 4 ;g o+ :rL/%] ........................................................................................ 7
z-]] 2 ZJ— o]%z—] HH7§ ........................................................................................ 9
;q] 1 Zé Z:H]-E zﬂ}_ .................................................................................... 9
1. &20tE xﬂ}_g] L O] v 9

2. ZRTUFE A2 7G5 e 9

3. iU}E xﬂ&g} %Jgfé ......................................................................... 13

;q] 2 7‘% @%E% ........................................................................................ 15
1. @H%i% Xég E’i] }\];g- TERL  ererreeesees 15

2. @%E% l_ET;g 1;!_; :eré ....................................................................... 18

3. @%i% CE:IL %'ok ............................................................................. 28

4. i% Z]'?ﬂ/\]'% T,t_L/ﬁl ............................................................................. 32

5. %%i% }qu %Ooﬂ /\]_pj] ..................................................................... 44

A 3 A 7]4 58 TE O]FE 48
1. 715 —ZFA =3 (TOE Framework) e 48

2. 7182 A (Technical Acceptance Model) e 61

3. cd;q% %Q(Perecived Risk) ........................................................... 68

4. TOEQ} TAMQ %%L ........................................................................... 73

;<.]] 3 ;g— ?‘i?‘ /%74] .......................................................................................... 76

_iV_



- 76
- 76
77

i

ﬂ

N
B

e
- 80

A

- 81

oA 7kl

A2 A

81
© 82
-+ 83
- 84

o)

85
- 86
- 87
-+ 88

T
)

89

- 91

9]

4

X
NI

)

o z

-
ged

Al 34

91

99
- 100

M
I~

vzel
N
o

T

105

A= —“?':’ﬂ @34.

A 4%

- 105

105
107

—

&+
n

=K
o

%]

X

ok
o)

- 109
- 109

A2 A

i

B

111
- 112

A= B
i)

o
Gt
Wy R
—~ 0

X
SAIin

N

114



1. /}lﬂliﬂ— ;Q% ]:4_1:]0—_1]:‘ ....................................................................... 114

2. T_HE:I E]-‘%}E ......................................................................................... 117

Al 4 A FF GO TTE e 124
1. q_%_g_}d)\g ZjE ................................................................................. 125

2. AAAIG TTF e 126

Al 5 A T ZAA e 129
1. SHHT u7l gy 7F 7R AR AT e 130

2. SFAA Y X% 8 7 7P AA A e 133

3. uHﬂ]tEZ,:g_ %‘5—7‘%’}? 7+ 7].@ 7&@ 7%31} ..................................... 134

4, WIZNE T AR AT} e 135

x-]] 5 7é]’ ZD B s 141
xﬂ 1 ;‘<__l—_l olj? 7‘:1334_9] g_g}: ...................................................................... 141
Xﬂ 2 7% Lfg 1;_1 )\]/\]_zd .......................................................................... 143
1. L‘Eq ....................................................................................................... 143

2 /\]/\]_7& ................................................................................................... 145

Xﬂ 3 71(_:]_ oﬂ:er,] 6]—7.1]@ =1 6&3‘; S HOL@: ........................................ 148
%]!- a5 §‘3|_ ...................................................................................................... 151
J_=’L % ...................................................................................................... 179
ABSTRAGQGT  cevereeereeesenereremsieiiiit e 188

_Vi_



- 10
- 17
- 19

(1996ld~20235)

19
A=

= 7

Azxe] 8 574 7

E

2—1] 2=nu}

-
B

[

29

)=
4

T 5%

o

7

- 31
- 34
- 36
-+ 38
- 40

-
it

[

]

X
il

Ho

47
© 52
- 64
- 66

TOE Frameworks H|7d o]&

.

ol7)
vzel

X
_5 r

67

— o~ — ~—

2—11

=
st

[

— <t 0 (@) [ap) © o0 ()} — [ap] <t Ne) (@)} —
o~ o~ o~ (@)} () S (@] (@) — — — — — N
— — — — — — — — — —
ﬂ
.
o
Moz
T
X a : :
: : : : 0 mﬂ M.h ;
P Nd <0 : e
M e RS o=
° PN R g m "
o i o =
K A Wi
. X =l H
oF oF o B 5|
SEIEREASL TR
0 —_— - _—
B 5 X R B R
o o= < o Ny "I A <
° ™ AT ﬂo meE ﬂArO mmo ,WH ﬂwn,.ﬁ ﬂ ‘m_ﬂ ‘WO ﬂ_l_AH Euw
WO E oo BN e g we o w oL
S B DomE W ek R
WM B W O W A R R E A
TT T TYTTIEY YT
[aN} N M Mm om F < <t ¢ <t ¢ <t ¢ <t

—_ e e e e e e eed e ed eed e eed e

- vii -



122
123
125
127
133
134
134
136
138
139

7} A
7
&)
=)
PN
T
7t
4
kil

Collinearity StatiStiCS(VIF)
%
7N
H
2~
A

u}

]

AAA(R2)
il
3
il

Fornell & Larcker s,

— = /™ /= = ™~ @~/ ™~ ~—

—_— e e et ed eed eed ed e

- viii -



D —~H < O b N O N +H 1o O
C R R A
LIRS B AT A
_ i e P ®m T
S U

oo %.AMA Q_ﬁa

Tl eogeoul ES g T

S S A~ 4%

— = ~ O b 0

A%%aﬂmﬂw‘mﬂ WMM

eI et L

b T b b owm H kg

el S S N

~— = /= /= /™ @~/ @~/ ™~ ~— ™~

—_ e e e e e e ed eed eed e

_ix_



A 1A A =

A1Ad A7 w3 2

<)
ko
o,

HHske dd Asle QA S(Al), HlHelE(Big Data), AHESIEIY
deH A2 Jgssich
o]F<r, 2023). ol A ARl AA dHuds wEA WHIA7|H A
5 WwetEs a8t THA7IE,
2022). oldll uz} A S = 7IAL AR, FE AR 2
AdH L Aestd AR 71112& AES AAEHE 2vtE A Z(Smart
Manufacturing)®] 752 vl Aol 715 S5t vl A
TS Frshy] 93 A4 7 Aoz A k(P A e, 2020).
Zol A 20219 9 Y3 (European Commission)i= 7|&

_E_ =
g T4 A e dol, Azt Y4 d, HAE F
2] g4 s <

7.

)
=3
olr

o
D)
olr
o
e
N
g
o,
do
)
ia,
rlr
o~
4
2

(human centered technology) < /\E}E XﬂJ_J &l A 7}j]i A

N> o> 1o
2

ﬂH} It ol
rir

=)
}:1

(European Commission, 2021). o]+& 7]<o] 217+S A&}
A7 okdet fE tEYRE 7)ol stk Holl A, QI3 V)=
g AR AR Ax v or s

g AAA 2utE Az g4l WA Ve T osuE
¥ (Collaborative Robots, Cobots)e <¢17t3 =< zHe]
ot Fe o] Thset=E AAE T4 V=Y
3k = 9JtHRossi et al., 2020). GE2ZH LS 7)&E A&
1 A2 & Fof A glo]l ARt EgfAow e -

21 © ™ (Human-Robot Collaboration; HRC), ¢17Fe] <13

ol rr

o
oo

0%
£
)
of

i
o
& o
=
o,
fol

fu)
T

Hoe

2

N

)

foss

o 4 x
of mr el
)

£ o2 Ko
i

i
0

_1_



ﬁo
B

ol

t}(Cherubini et al., 2016;

1

k)
pul

7l

o

T

7}

Knudsen & Kaivo—0ja, 2020).

Al &7 A

°©

a4

o

L

-

3o ¢

]

S
Qs

—_—

7452

Ag A

LA e 2], 2020),

el

BE

aiz

=

4

=ol7kal Qlti(Park et al., 2025).

o

NN Fh AER7IAY A&

dr

L
ol
o}
ﬁo
o

B

!

wjy
o
mr
T

o

Jo
—_

2024).

ﬂo
B

Nd

Az s o) el A

]

A
=]

b

A

Folurhe <l

2025),

7] wFo]H(Park et al.,

o

jpuze)

o
)

B

il

olt}(Park et al., 2025). F-SlH.

=1
L

)

1A e

1—0];‘5

»AO

7}

N

4P

e

wA S} oA}

—

H

O 71 gtEel el =

N

!

2R AEstel o



o] A

<
=

-8 YA (Post—adoption) el 2] &l

o]
H

j
a

¢

l

o

o]
cAle] Apol= Qlsf ti71d S 7]

=
%7] @A (Pre—adoption)’o] ™
Al

PN
=

(Quenum et al., 2025), 719 =l u}
Al A=A o2 AA H A (Proietti & Magnani, 2025).

7]

)]

H
k=)
5]

mMMﬂﬁ ~ Mﬂﬂﬁ%mﬂ%iaﬂﬂ%
o o = —_— X° = o = © ro
m_umqgmomo < %ﬁewrﬂu&qgmﬂ_a;h
N e e o R TR B B
AR ~
oy my =) Y o) ™ ™ © = BT o o o N m
Mmooy = X0 P L~ o N 1
Sed ot ®m mRam B Tww g o
TR - R & 5 xo J o T N o oz o
. do S & — 2 o Mo XL
o ™ RO O ol IO SN
~ ol - o go X N o| M =
oo £ 0 lv_Al =) = o XTOoE Yo o = B = =
o - 5 = K oo XX RO
EGE g E EHRCSEEPURCE oo
NS (o L B Mo " A B
o g ) i .ron_u AT.C —_— _IT ﬁo X ;o_i
%0 %o 7B = ofy T Xo J) W o — o £l N
o ﬁe m & o o Eru Lt =) _— ‘M N0 dl s v 1:1_
& o g o o N T o ¥ o o
® N 2 o w2 I SR (M i
TN 5A.mﬂr.@mgomﬂﬂjuwﬂﬁmmﬁoﬂ%%oﬂ_@
T _ %  Ew M gtemT R N —
% O S o X - o~ X o 1+ o
%%iwﬂﬂ?hﬂgﬂzvéxﬁxﬁzm@gwmﬂm
e 2 EH T ET TR MM o AR
Al W E R ® © S T o= I K o
XS 8w 8 Il KR N R
0 o o X N
AT I A S oy ., & R s o0 A 5 - o= e
MW= X N e B 5 M . o
r4%@&iﬂmﬁ?mﬁ%ﬂo%%ﬂg@wﬁm_,%
I 5 — N "X
mﬁ N DM L mw ° o N " Ur 5 & o W )
r do g R Iy .l o2 15
— ] W ol 5 5
T H N A 2 N B 9T b I zm i ) Mmool
— o0 N A2 H17.HT?ﬂ.%EMH%HT§
AR BRI S A
W NG e R g O N B 8w e XA ©
=M oeod T B o 2op g i ro
S B R T RELD T oo E A
o O o ° B = Mo TN < = .
X oMo o= MY X =N ¥ RT 4K N T oo T



=4, A7 dEe =3t

A7}

(Perceived Risk)

I3}
=

1415 9

‘o
1l

A2te
9], 2023). 28y T Az &

=z}
-
F)rg]r ] 33} 7]-0]

32 (Colgate et al., 1996), 7] AFdg =3 2y

<

= e (HA

0

o
iz

BN

=

B

—_—

0
e
0

s
of
il

—

14
T
o
o

o)
XO

I3}
=

I R EU R P R

o7 zZ-g3lth(Pavlou, 2003).

A I

=
=

*(Iil

H 33k Qo (Akturan & Tezcan, 2012).

A7 derie AAA A (threat) 2§

S|
&

1, Al

el
-

.
F59 A

KeN
=

o

137 oy 9ot (Chemweno et al.,, 2020).

< TOE T+

NE ATE

o] 71w
o 3o, oz 9

B

-
T

5

TAMS 7/fEA o=z #&

S|
=

o} el 22 4259 TOE Framework®} 7§29 7]& & AdS

Al go] A (Perceived Ease

el

’

Shal

5%

| (TAM) <&
of Use, PEOU), <¢1x]¥ -84l (Perceived Usefulness, PU), <1x¥ £d

=]

LA

olo

Fgozi A4 2 vl

(Perceived Risk, PR)

o

)

1
S

2ol A

7] @Al A ] 7]

il

=
=

SEEEE

=
74



al7)
Tor

oL

110

T

SHAE

o
Bo
G

Hot

o
pul

kA

°©

AAR S A

(e

Mr
i
T
o
H

o

It} ofoll TOE
(PU) AA=

°
S

34 0.5 ol 5o]o}

]

591 (Key Drivers)< yof

£0]4(PEOU), 181 FE2Ho E

Al

A

B
file)
Njo

TH

N
Nio
<

min

‘w_&l

—_—

0
®

_Z_O

)

ze)

0

i
o

o
M
K

°
)

~
fi’e)

TER =Y s A

4

TOES} TAMO] &3S 3

Jo g

kel
T —

A A

dF 8921 (Critical

Il
=

nE Al

oA

=

Success Factors)d} X7} A|-&-3foF



ﬁo
ﬂﬁ
N
o

i)

ol

PLS—-SEM

T

hEs

&

3}
=

=

=

SmartPLS

AT Wy

(Quantitative Study)

A3 A

Mo

4
e

1= =]
T

(Partial Least Squares Structural Equation Modeling:

O

Tl

~X

b
FA

mK

—

A
A

b
BA

ofy

)

I = 524 A7) FAF

9|

=

SE

24
A, PLS-SEM& F4& &

3k

el v

p 4

o0
o1l

2utE
}31 Likert

3

A

I<]

[e)

Az 2NE 9

et
7hzl e}

]
=~
[e)

A Z

.
4

&l st

A
19l o™, PLS—SEM

SmartPLS 74

7

°©

oz YE A4E

O

!
T
SR
!

B
TH



S|
&

H] 2

[e)

T

A, PLS—SEM

=
=

t}(Hair et al., 2014; Ma & Zhang, 2023).

o b o BT o oy B on X o o ok o ) B
2R S 5 om N =W B Mmoo
0 < o o= G
=T & 0w mow e Ty d T e
iy & B L © B Ty rEP @
g = W o NS N o= om KX - ™o
SR - o T
S, 5 D e L (il = W ME < () A
S o ow W T ~ o N T ST
= o I X S = F R B I
cz [ §EIEr gl RIZEEZRECS
o = =X Rk =B = % D E
HSM o1 _.E —_ O#E 0 B oy o o ‘o DT o oF O_E —_— B B <H
G B R o L - S B it
(G IR DR TR TN B R g oy N oo o
T L RN T oo X ™ T T oo vl oy N =
sESL gIErf s 2rzicelazr2i
_, 7 B oK .. Mo T oo B g A T ol
o = 9 ~ N oju M_a X ‘oF & oy o MM il o
O mﬁ S - % B o ol <= m o = ooy il T = o - WM 9,
ERISIR T W A Wf 3 Mo o X o owm W T mx <] _E 5
I B = <3 XX o ol =
mn_ ok Z o = o g ol Wﬂ m]u NJo N = o T X B H/ m_f - m
= w 8% S = T m ENEdL%mEMCﬁmM.monﬁm
x & E E W ®° — = oy — I S m W R =
_li E.Tu ,Ul 0 — = . N wAO 0 OL :.L ﬁﬂ” ,NJVI \_Iw_uu‘._ HT_ . ﬂ m
T 2 50 E - o ORw o E 2 2w B O
= = O] o] © s = ) o) o m X &
GRS . o ¥ OE W o No © Mo % m = o
eI R N R In oF T B EE®E T o
B w2 = T oo X B A o gy o WX TR o wor Wr
B E D H D d i S - I L O
TICERIINer w PR lisEioTid
T 5 R N N G2 < ) o~ wp N N 2 o
el N B Y ) l o BT N NI No T =B oo
oM WA T e ™ oeHo R e T TR MF T B

AT =Y A ol



7Hd A4

47

A3 AT
TOE®] 2213 TAM9

—_
file]

H
s}

Al
- =

bl 7

S

=

=
=

g MY AT

5}

g

=
=

g2l

A

—

K

w2 5

J

t 3

', Liker

S

3}

3ot

=

o

24
=

XE]

™, SmartPLS

&8s

=
=

B

—

0

N
o]
TH
Nlo

B
—_
110

4

Mz AyE, o] 3ol A

PN
T

AL
=

tod PLS—SEM -

o]-&3%

el
=

T M A

Fa8 o

7k e

3

9 7z 2

B
—_
file)

0

!

no
No

]
il

il

oz MAE 7H

M

i)

+,

10

il

mK

Br

-
folm

wK

)

—~
file)

o

o
Hlo
KR
o
)



Al 2 7 olEH WA

A1A zrtE Az

1. 2~ntE Axeo Ao

2uE Az 7ss Abgste] 3 Wl B Al e E ;‘Whﬂﬁ %F/l Z]
L Hx Y ZmAE A8 7Y

Az = A &2, EF, A B Aol £, iU}E Zﬂ}_g] T8
e 9 A3E N o5 2 8 ®WEdd AEsHA tis-shs Blo]
™, ICT (Information and Communication Technologies) & &-8-3}o] 7]& A
49 A HHS "AHsteta, vy Hd Abge=w  H2H(Digital
Transformation) &0 24 7} A FZE 21517 98 AUk &F0 2 A
3 (Product) ¥} A2FA] 2"l (Production System), 19} #¥d=H v =Yy~ =
AEel A B oolel AAE Ax ZEs TAIHFIA, 2019).

wg AFe 719, AA, AL FEE 5 A #-o] ToT(Internet of
Things), CPS(Cyber Physical System), IoS(Internet of Services) &<
ICTe} g dtste] Absst B ARSI 7xALE AA 7 X3 AF S8
o@y AN b oA A7 Q7kEA Y] o] BAS LEEa, HAH L
DA Ao 2 uA BEY AEs AN AAHs EEH(AA 9 2017).

2. 2WE A|x V)=
2 E AlZze Alx dAe] 2ntESE 9 A g st oal A% 7] wo] ¥
d 7R 1E g doH, A4 8 Bd Vs, dHeoly Vs, e84
71w, Ax Beble So BRHH (57 eREd, 2015), tHA &4
g 7= 7= AAd Eokel whEt [ 2113 o] o &2 Ae
&, 74 9 dutelag FREEATHETRI 2018).

A o] Zg Aol A& MES, ERP, PLM, SCM, & IT ZAEFS 7Wro = Az

ol
5

Py
|
PRCA S

_9_



Aol HojetAy A4 Hnlolxz e SR HolE e £4-ddS 3
3 (Mittal et al., 2019), ZHELS Al 2 tynfo] 29l G Ao} 7]7], o
1=

Aol d S Adshs T AlAad o bdsta aaARl HolE s Al

ohs gge sl HaL, ARl R yulelas AvntEAED] A (A1) R
A& Fall Aar, 73 = oy A AR ARE 27 WskE A sk ZEE

25 A2EF A
APS
(Advanced GAA D A ES HA sk AAAE
Planning and Al =8l
Scheduling)
AES AfE Z2AAE TEYoR #AY s}
o SCM T Az="oR #A-H Ve AAFeR FH
o v =4 2 FF3e] AF S0 ZIWEHA e 4
= E A== g
g
7 ]
i - AZ A, AT, QY E e A9
A e T A=E
AF AF714 AA-A A E A EFHS
PLM ERAFNA A ARS st a2 1Y
Akl g¢ TrAAE Y
s A E 7Nt g Azdds BUEHSIa I
2 MES 28 242 Aok Az
AE AY WES AFE JF B2 A3EA
EL st 7} old RIFYE F3) o A4EE F Ae
s
. AR(Augmented Reality, S74d4) : @A 7}
;E; N e (B)ss T Ve
A =% VR(Virtual Reality, 7F3d4) @ 7] @4 A
= ARVRAMR | oy S
MR(Mixed Reality, £&d4) @ 4dd7 7}
FEAe =3
IoT AFEO AAE Fas] MEIE Z -8t 4
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= o)

ARroR delEE Fu wE vl%
CPS(Cyber | Aol AIR(EAE E91) 3} ddAA) &
Physical g AN2gS UEYaR dF, dEAAAY =
System) 2l A n"E Ao B A Sk AlRH
2~z] B B q B A uk
11 g o] ¢ Hlole] S RAlAel, AR, AR, Ay
B, QAR So dolr] el 2 w4
wol srtER gL gof wd W9y A9 PAst
= BN
HMIuman | 29 wolest alae) A4 4 g e
achine thebL Alol7} 7Hs gk QlEjHo] 2
Interface)
SCADA(Superv
isory Control T4 Ao A"l 4AA] AEAAGHE T4 A
and Data FA o7 FHAA| o) sh= Al 2H
Ao} o itin
NES" quisition
peSDistribute | o140 2 worg Alo) Fxe A gele o4
A Control | g st rel Aol A
System)
A AFE 71Ee BEI AA, B4 L AR A
?@.]P * S(CAD, CAE, CAM %
H
- cheFe gAE AZEs) A% dlolE wak, o]
90 % g B | B Aol R fade] e Ageus mE
B]¥ A3 A< oA WE 7%
o
2

j:‘JI:
A)
a AR/VR/MR AR, VR, MR& &2 & 5343 7|A=d, §4
o s we ol &8
]
Motion AgE) 8 A 2Ele] A FEA) Ao} )%
Al Controller
o]
]i CNC
o | (Compuer | agge srgw FAAl B9 B
s umerical

Control)




ZHE A 2 ARE Fesle] FE GANTE
- ‘gﬂ 3t Xﬂ Al %L%El—'i A ] &3

[¥ O I T o

AgACl7E Hr] A(re-) 2ol TFseta
23 cEEQl 3% oo AEEFIAD e A
s epoll ol 51t 2.

A4 ZIAl AZko]l ZRAAL Q= Al i Ve s
Gl A1 H] A Rolgh Aoz Apgto] QA Hekae 7%
loT T & st=dolet AxE ol Alz=Fle] gial A
gk 7=
3D zg AAE AEA e dEHow ATete] 3344

MAE ARE e Az Ao 53

Z2] 0 2nlE A FZEA 7)ENEALY 20209 % o B e A FAF B KISTEPC 21)

=4 dHlolE Ve AZESO Vad) st=do] VR T du #H
Toote Ax 34 HogHE AAreRE Asta Ao & e e
ol a7F Srtketal lom (s & el 2023), 2 A Eopd
4 B34 Bl dolEl AAZE dolste] HolH Vw EESHY] TR
o] WIF% L 1o (Thoben et al., 2017), AXE9S] 7|&& A=<l
HUl(IoT)< ©]&3% oy 85, Sg¢= AFB= &3 Holy dF

okt st=dlo] Vs ARESQl
AT (A% E )= Adsts A 92 71T
(accelerator)7} &4 7)€ o] ®tH(Ramakrishnaa et al., 2017).
AR 2~utE Az o84S dubd oz AA-gu-Ao)dA] 5 A

Akl e A @A A ~®(ERP) 5 T W X*E_/\]éﬂﬂ}x]ﬂ e
.

o wE



L35t of7|E A} HyHa BdS s 2 =] Fo & As dut
(Choi et al., 2016).
Al Az Bl Ve o FHE AvE AE =5 e ART)7ES

2ulE A Z(Smart Manufacturing) = AFo|H Al =813} 582 A|~HO &

e aketH, AlA, dldlely, Q1 EA 5 (AD 9 ICT 7l=& &8st 4

E A, &%, AFEstaL o] & oy YWk gALAA 2 e HA skl A&

she As HRE oY, ol T4 r AL 2E vk AEs) A3}

Agstats HA GEolth (YA 9, 2017). 2=0E Az FoA4S =7}

BA, 719 A4 gx, &9 a8 3, 2 vy Az v de
1

Sviol A $21H ekl 4T & A4, 2016).

=7} AAe] 7wk A& fsk Alxd
A ARk AL, 7l H2l, 7=, 18-S A d vy F88t
(Ramakrishnaa et al., 2017). o]} 2 WA AFxY o= A F
Aol oF 70%E AA|etH, Az AAHL FI5A SAE GASE

D5Ao|th( o] A4 & o|AA, 2016). 3 ZF2H

9] Fdo g FEHETH(Wan et al., 2022). gEo] AntE A xE &
H
=

A4 9 F0E 9% AxYS Y AFPoR A4 9

_13_



on, 28 Jes v e g8 s FEske] feuet Az

44 595 FRoF FTH(HE- & AFL, 2022).

shE AlzE A1E Axge]l AWAH wAH) EAES ddsa I

PN PP

=
a2 FomE avs yehda v (d2m €], 2019). 5T 2 A
= = 71l Alxz=drt <
of a¥7} AEH 9}—3—% AAFSFCH(Biichi et al., 2020). T3 A%

st = ﬁ‘rmﬂﬂ 2E A 2= At

o,
N
Q.‘L
e
fol
)
N
[
RS
AW
fu)
30
rlr
__‘TL‘
o,
rlr

7 A

& s 8l dET Y AN AAE FF5e
¥ 2 3H(Chung et al., 2024). 183 Z2A|2 QoA AnlE
Axe dA B 7le s8S Fal Adnje 14 e uF &4 2 &
T H&= dztste o vig- Tk, AA Al
2BN(FEMS)S 7538te] oy #ge] a&3ts eAdd & =S Iu

(Mittal et al., 2019).
o Az dEgd Ay Ja 3

svbE AzE W9ed B W AEHE Wl A9 Fash w=ys
=

L
d zA S FJAlE= A3k ¥4 (Majstorovie et al., 2024)0 82 FQ =

4, BAstel @

S
X,

>,
d
a4

i
;Y
BN
rlr
2
N
hind
=]
offt
N
[-411
=2
i
R
o
T
il

_14_



ggoma, ASAA, AL, FEARY ohe BR, AT e 5

Bk A AbE Aue] QAT BRAS wol ARe ARPoR o
© HHom THAALE ARkl 9AE dAdetaat i (Wan et al,

2022; Ma & Zhang, 2023).

=4 IoT AA, 714l A5 55 &3 "Wastd AR A — “du] Ao/

NAA = 'EYA /AR B dAEe] A dEFstel #9]

HhEd s 8 25 dAske], Bu ARt Alojet HolEE )Rt

Y u2 JAMEA S 7 sl ghth(Yang et al., 2018).

AR ~utE Azxes 42 Bd, d9, 5 FA, 5§ 94 & BAE

Holdt guTL %3

O

(Weking et al., 2020).

A 2utE Alxe @] Algs e AlsH AEstE diAlske Aol
obd, Aatel S A7 Q1Y o)A (human ingenuity)'S
Z3lsl= o =4S li“jf(Bhattacharya\ et al., 2023). T3 AdE A&
ol AAAY ¥ HA43 AAQ HAE AFHAA 20E Az Alx
g AyE "grste T4 98 &8 A 4 gas 9% T4
3t QA% ZH83c}(Nijland et al., 2025).

mebd ArtE Al WE didely Aak mEA Alaske 254 &
HU= Xﬂ%ﬂ 2ntESE Aed Ak WA o, 223} Al 9 A4loldk=
A4 Hxete FHoJoF b= AlthE Hefe]l & Aotk (Chung et
al., 2024; Ejaz, 2024).

A2 HdFFEXR

L dezxe] 4o % A =2

7} @EEe 4o

_15_



-5 =5 (Collaborative Robots, Cobots)< A3+ 2FFAtete] A& 130
AAE ZX o= (Colgate et al, 1996) He+ AX 7)< (Advanced
Manufacturing Technology)$] 3 Z&FolH, QI AEF 4.0& F3dsle
A 71+ 5 shbolth(Bortolini et al., 2017). § Z 3 (Cobots)2] A<
Alzko] Aol wel 1 75y IAl Eae wH S sty &
= o gk} (Guertler et al.,, 2023). Colgate 5(1996)2 P25 "3l
2dzrete]l s gk ZR"olAt, dAEs, A, ke 3
UE "1 T AT BHE FX(IAD)"E A5 AQbglon,
Bel= Ik Xﬂ‘ﬂ/@%‘ﬂ Aoy =X AA"Y 3 FRIACL
Wannasuphoprasit(1998)2 F&2ES "M=Z2F A5 Ay 7|&"'2 A3
3L, Peshkin® Colgate(1999)E J&e=2HE "7|E9 kA §lo] QI3
2Axket A5 deAgetal gfd #Ho]l==(shared payload)E A2
UEZ A 2E'o= Bt 20161 A T+ ISO 10218 (3}
1 2 2)& 35 AYS "5489] A" 2Xo] Fojd FY a1 Wl
A Ik Ao R st Afske EE AYlewr ¥4 A YshH,
Fe2Ho obdl 2 7AF(ISO/TS 15066)¢] FFH oz sl =
o} Gil-Vilda et al.(2017)& PEZES "AstE 29 deolr Aks
Zbol=st Ay BHESEE HAAFE 2H'"o=z HF i, El Zaatari et
al.(2019) Ax=JA =2 Aot Fofol wet "Ax glo] Ik} s
Zsete Ee BER'S FEERRor SAXSU. olgg wEhA
Sherwani et al.(2020) A% Ps2ZxE "AIF 2GSt A 2Ys
1 585 YA (co—workers) 24 FL3F 2]
Z2R"o R Ao, Prassida®t Asfari(2022)
Fol Z& F3rolA sAlo] AP AT A= e A9

dEHT A 33 AT 2 BT A AAE FHEsERY HoE

= Ayg A3 [ 2-2]9 2ok

o fr

ox
>,
)

o ri

fm

P

B o

)

al
Skt

_16_



[ 2-2] ¥ =% 49

&9 | AA(AE) =E7 gE=% 4
Coleate et Cobots: Robots for o7k Fatete]l S 93 24t

1 g collaboration with human | (Robots for collaboration with

al., (1996)
operators human operators)

5 Z\ia;llnasupho Cobots: A novel material | 2% AE A7 7]<4(A novel
(199.5;) handling technology material handling technology)
Peshkin & Q17F A AFee] A H Al s g

3 |Colgate| Cobots SR il iﬂ o] & = (shared
(1999) payload) & A3 E oy =&

.Pow.e.rMate—A safe. and FAs T ATAl ASY L 2 2

4 Schraft et intuitive .robot assistant Qg 23wz FA= golan, obd
al. (2005) i;);kk;andhng and assembly q3t AP S sl Egoz 2z
150 10218 | Hobots and robotic =8 A 2ol A B el

5 | (Parts 1 and | 9€V1¢€S afety. dustpial | A S AR Aoz Feiste] A
2) (2016) requ1remintzs or industrial | 7 = 1e]

robots (X&)
Bl Zaatari Cobot programming for AZGA Aol sfdsts B A

6 et al. (2019) collaborative industrial o2 A) Al flo] 17k ygs] A

’ tasks: An overview e RE 28
ihse;\xéang Collaborative Robots and | 917F 8253 37 #dstal 535

7 Ibrah 1 o Industrial Revolution 4.0 | 2] X}i/\i 43 2 FE T

(2020) (IR 4.0) == 74]%1 iio 9]
Assessing the Relationship | “&%¥ 3 #=7F gl ZFY &3t
between Cognitive | A Z4 A7} }”WO 2E ojyE =2

8 Panchetti et | Workload, Workstation | 23} <F2&}A "Lgl}%% T A=
al., (2023) | Design, User Acceptance | 713]"E& A|&3t}, T3k dA}s# o

and Trust in| 2% "7 13}7]1@_3}“ RN R
Collaborative Robots TE"E A9

14 FRE (2" 2-1100A4 g 5 3l

| A%

=o
olar 7tutE AEAE YeE vk =29 AFEAF 7] Market and
Market2] “Collaborative Robot Market Size, Share & Trends, 2025 To
20307 HaAe mEW S2H P 23 AES 20249 °F 12.69 e

2 HWriEew, 20301 33.89

77k Hot o

b AT 18.9%%] =& AFES

gez A4EE Aom AdEY, A5

As% Aoz dusha Ak



9]

FER A%

H

&
F2U19 Ay o

-

T

o=
3} diel, A

]

-

338
2030

Ag3t 58 F7h gubs g
o

(Markets and Market (2024))

Asia Pacific

g’l

1.42

2025

= Europe

C}az (Pieskd et al.,, 2018)
MARKET SIZE (USD BILLION)

= wof

1.26
2024

=1
=
CAGR (2025-2030)
= North America

18.9%

[29 2-1] d&=2X AF =

st Qo (Zafar et al., 2024),

o] AFS HAAFA Y

S

=)
o
il

A

b

B

Auls 5o vl

}

;OL

—_—

2
=

=)

[e]
e

4 9Jth(Park et al., 2025). o] <}

=
=

=

Nlo
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2-3]

-
It

[

o

T

A7t SoEwA A

(Javaid et al., 2022).
525 (Cobots)

=2
=]

4y
ke
)=



(Industrial Robots)#= -2l AA HA 3 25 W2 oA o7t 9l
U(Javaid et al., 2022). FE25S o183 AN-2% dF 24 ¥
Aol FES fsiAE ot A (safety), FFEA(coexistence), FEA
(collaboration)olegt= 34 HAo] FFHxojof Srh(Arents et al,
2021). 7]% g 2R ge] 294 b A~ (Safety Fence) 7t &
2 Q= i A FtelA AssiH, 9 2 59 AlgH(Power & Force
Limiting, PFL), £% % o]A A7 7FA](Speed & Separation Monitoring,
SSM), ¢kd AA 7FA] A=A (Safety—rated Monitored Stop, SMS), & H
WAl(Hand Guiding, HG)¢9t &2 &¢d td 7153 Saf 2date] <bAd
= HFAHoE g HHAAZE 9], 2023).
AR o g AFolm, 7hadt ¥ X 7wk QlEHo] <) A F A
(Hand Guiding) & Sl HHdw7te (A Z2aWsta 7‘HHH?‘<]%L T A
o] (Huber et al 2017), FA4% HAA
4 9 FAACR il A

13

%
rot

ro,
N
1o,
olr
J
mlo
(T
e
_0|L
rlr
ki
1o,
12
9{_1‘

[ 2-3] WEREH Qe 2o 54 v
] . A8 2R
n =
e = .
25 FE2ZE (Collaborative Robot) (Industrial Robot)
otz o AzF ZAApele] AR A Adaatg | et o F=2 HgAtel Al
kel < 98 AAE. ojof &
Mo 584 oA #A(Safety = . = o= -
FEence)ﬂ 48 gl gd <rd E% gk H{i? ‘ﬂ-]i C‘gﬁ }(Ll
A gA | A 2E A4 AA, gpy | WA AEser 9 ad Tl
Ask, B2 2AE)S =35 okdL o] T—v—‘f]‘oq FE AN T Al
S5 il 7F A 4 9lS

27 MAd EAACE 554

Az ol (intrinsically passive)od FAelw, | & 5252 (fully actuated)e]™,
;7]‘%];‘) 38 WA e Ao olE Aol el AFstr] fal A4H
B Al =3 7he t’]xé‘?ﬂd?i}ﬁ x| & ZE7E dadh

ES Agsel A%E FAY.

2R | dndew Ao Fa3457E | 0Y, 79, 290 Bws 4
2 AT F2E A, a% FEE 7H
A 2| aoded AMAT F ot sEe | 9wdow ugw Ax BAow




A A] 7H4. 2153},
wET AL TR agyoe] 75 e ZE AENE AT 5343 w0
sz gy | ) AHaA(Hand Guiding)7]s3h | B 2she], thafdl vl 2e] gl
- ° | ZrE HA 7k a8 QAo | 3 AU E Ao A (intricate
25 ARE-SH pendant controls)E A&}
Tz AAFAY AJs
h=l <l , =
A8 4D G2 e aee) ooiéfﬂ,}“; F2 w9l 490s s o
9 A F AN TR FHS B
ey
Hy A=
e T e g 2He E W AT W Sno] FUL E
AL
e e St 7S HE HETF AstE Y | =2 SEE U] 98] A
0T e 2R 5 S =g | S mE
o 2 TR o wE 54
Hl-g 9 34(RODE 7M. &+d A~ 5 F | o & FAFEe ¢ =3 ROIE
52} 7} Az v go] ditE o] F H|§ 7.
SHelA AAE .
QIZEel X4 F¥, §A4, #He
3 H ool U A) = ] o
~ J’}-—%/\’] o =2 0, X_]?_'ﬂy 1;-]—\2 o= —Zr‘i xéﬁﬂ;,(_]_ 3]'_%% F—?%}@,Qi%\—
O—:]lbé]— 1:7% @ﬂ'o}@] }\g/ﬂ:/g% 601:/\01‘ %TOPEJ— 63 —}-O:] ol 71Le EH—ﬂ —}_L tﬂ = o
Kol = A oF— =
=3 A FAY g A4S wHEste] | 2 e e
Qlzke]l SAH/ANY Be AP | T
AR

2] @ Javaid et al., (2022), FAZE 9 (2023), A#A AF

OFAAN S P REo 7 VEFoAME AR AR 25
o] 2 A oA LA 4= 9= F=(collision) o]yt ol 7] %] F3+ A
Z(contact) S I ALY, E7FSE HSo] HAS o o]E &3] 7

o o 63]:]

&% = a J5e] opel, 22 Ao} Alzg
A, B4 AF Asd, 2el3 dAse B4 gsge A AW

A W Ao TEHS ¥stste= EZ4 Jd o]t (Correia Simbes et al.,

HJe25o] A Aot FHS Tty HaAe FolEy #gA)
o] AAA SkHe] nAE ool s, o] & fl&l] =X AA|9] kA AdF S
H (safety performance assurance)”’} A&z ojof st} (Hu, 2023). ©]g



g Weto A FHEREY AL TIAE T2, Alo] dagE, AlA Al
B, AXEde] 7lFe] Mo Asgomyn Gt =R 3
(force)-E A (torque) & %= (speed) -7} % (acceleration) & E5 A3+ Al
2 FAE argfste] AAEooF &H, o3 &L =AlEE ISO
10218 % ISO/TS 15066914 FAH o2 AA =L QTH(ISO, 2016). §
TEXY b Frel ddd dEAA FAFEES ISO 10218: Robots
and Robotic Devices — Safety Requirements for Industrial Robots®]t}.
® [SO 10218—-12 =X ApAl gt bd 27AME Fgsta glem,
AAA H7F(risk assessment), A|o] A|~®Ee] Al A (reliability of

control systems), B Fd 7|5 (safety—rated functions) % £

o

<] ZX| (prevention measures)S X §Hsho}

® SO 10218—-2% &5 2% (collaborative operation) 742 ok
T4E o549, 35 2% s2E=(collaborative operation modes)E
Yl 7FA & FRse] A A SISO, 2016).

ISO 10218—29 ISO/TS 1506614 A3 d& A4y RE== [19

2—2]¢ g3 #o

A0 Al0| gig Fo2 AR 25 "X

2HO o AlRlR B8 (hand-operated device)=

(non—collaborative) X2 S& AI83t0] 222 0|5
s I

Z2I} AR AL]Q] 2|2 BLIES, AU e 52 (power) E= B(force)
72| S O] ZIX|=|H 2R0| 52 YR[H2=M
AR0| HoliE UX| U= HS

(18 2-2] 528 5z W2 wE B35 (1SO 10218—2)

® Safety—rated Monitored Stop (SMS): ZAA}7} 259 obd 2

_21_



== AAE.
® Speed and Separation Monitoring (SSM): 253} 2=} 7] A E
AEAom Zajste], dA A8 olstm AL Al mR £LE Fo]7
v ARG RN FES d¥ete 7.
® Power and Force Limiting (PFL): A& A 259 &8 £+ o] 9l
Aol YFAE 71elA] R FFo2 A% AstEo], EEld === <l
FelE #HAsHgh
olZ]dt PET A EEv 7] HE A AddElddA sgHE b
7l BEe] AAFToEA, gt A A P =LY b &
& (safe operation)e BT (FsE, ol 35, 2024). =, FE=x9 <
ARE weg BA| 7ol wEA] far, A7he FA Sl ool W
st AAZte R S dS5-FIste Aed el A A (intelligent
safety management system)@® ¥Astar Qdtl o]t 7|&4 IHE <
Zrap 259 AlF 719k P (trust—based collaboration)S 7F&3dlAl ke
7ro] Ht}(Suryoputro et al., 2025).

dedor, e Je2R Ve M oA oA, v

2021). StxAo] FrEojofut FF R ity =4 HES FE
shar, tpolrl @z ¢ o wAEd £ gvh webs A
sR2EO J|EA AEAAE BT B oolyl, AR dAelA <QIzt
AutE A ZE FdE 7] 938 AA Ed(core foundation)d] &S b},
= AAM-AL A 7Y §8e Sl sEA AE
P (Self—Adaptive Safety)®] FE|Z I gksiH, o] He=Zie] 4kS]
A8 WeE FHs= AAA acle]l =@ Zlo|th(Haddadin & Croft,

2016; Hu, 2023).



0

M4
Ho

o]

Ho

t}(Haddadin & Croft,

Els

o]
4

kA

o

o

glo]

i} HEEA] A

S

&3

A}
S,

S}
k=]

73}

|

o

2016).

)
‘w_&l

K

G

=5 AA" A=

H(ISO/TS 15066, 2016;

Els

&= v

Villani et al., 2018).

Z+-8-(Human-Robot

o]/

of] A
Interaction, HRI) 79 4 FA =, <l

A

e

T
A

o

Zr o] gdth(Villani et al., 2018).

3

EEL

=

—_—

xr
Tor

Ho
0
Hlo

0

0

o olojt}, wlehq FEAL W

Py

&4

LOL

)
S

el A shEURA 444 Y

g = 9t} (Ajoudani et al., 2018).

T

=
=

T
&

=
K2

tl

s

~Elo = 3}

T

A Z A

=2 A xE7]

hs

sk} (Villani et al., 2018).

3o
==

Br

H]

o

i~
Ho
I

(e}
AR

S A=~
9

Foglom, mqlAle} mito]l EAd
o] ek =3 A

@
2023).

B

tH(Yang et al.,

Els

gl 714

s

Jo AnbE Az BHS 24

—Z
7+ =4

]

o

=

—_—
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W7 ks AP WY HEUR A e A4 ezt TEA
of drE wf ¥R PEELES A3t FAd =R Aol A%
d AE AL Aeudds 7T o, ol AR QI F4
o] ~mtE A Z(Human—Centered Smart Manufacturing) 22] A3 7}

SoFA sk 7]Hbo] ®Eth(Haddadin & Croft, 2016; Villani et al., 2018).

3) 354

&5 25 (Collaborative Robot, Cobot)9] 7} Rz Al EAozA of

AT TS o A 2o] FAY BES FTHY YuI

H

T s "ol Bl QIZFe okt FES QlAstaL o l StFo] 5

Hog thgste AsHd FeAE v9s& EFTH(Ajoudani et al.,
-~ = AR Fgare] deke ol miel g -A

LS dE BHedoer AFslte, [2¥ 2-3]1A4A"H Jd-2X Y
(Human-Robot Collaboration, HRC)S AA X o2 S = TS 3

A,

Zivolol @

m—
@ ZEnusy Estop @
Separation Distance
AR

[28 2-3] FAr=E S5 = =252 4k 93]

FeAd2 7€ S 259 ey Ao] FxolA Hoju, grkgk
(interactive)-4-8-9 (adaptive) 2 28S 7}153HA dhthe HoiA T4
sk oJulE AUt} o]t 5> 24 Q1] AxA TA], Al Q1] F



24 el 5 gt AeaE R (modality) S F3 HAHM, o=

7)
o250l Azt YX(intent)E FE3IaL 744 et (context)S ©] 3l
st = Qe HE st A 714 7)ol th(Ajoudani et al., 2018). wEhA
desAAS Tt TsEd 7)o x23ol oy, AAF Adzols

(cognitive  mutual  understanding)®} =¥ % A} % 28 (physical
interaction)®] &S HAE st QIxF T Y WAYUZol &
ATH
A FEF 1SO/TS 15066(2016)°14 = 954 (collaboration) S “<1ZHa}
23o] Fdgt Fito A FE A8 %%91 Ads Fdste A 0=
delé}ﬂﬂ, s % HEEZ=E “human and robot share work tasks
concurrently”2Fal W AlStaL Itk o] o= e EHo] A A E
g2 TR ol Z“’SQ] AAH F 4 (cognitive workspace) 7HA] &
& =AY A NdS SFste], Ak
=S X—}‘ﬁg] 9]11:_, 53X, oA, Y £E5E IR EN A JY

A 2 vd A 71tk (Haddadin & Croft, 2016).
[e)

H
SRS GAss A dFeR ofsdnt. QIZbe b FeojH FAl s
AL 9Esta, 238 A 2y vy RS FPgown A W
2 o FErlo] o] Fo] X th(Villani et al., 2018). o]+ vhEZE-4w Ak
s7doll A 2 &84S Fustetes 4 e9lew s, AAE PE
28 59 VgELS AL a4 g SHAA =2 N 2y
E H sty i (Weiss et al., 2021).

ks Fdede VlsA RS dol QIS4 A4 Hs
25 =

(Human—Centered Manufacturing Paradigm)o. = %1 Qo o]+=

oltj~Eg 5.09 A 7pxel 21zt F414 (Human—centricity) ¥ 2174
o2 o1ZA¥ v} (Bhattacharya et al., 2023). 2= dEA> @=d] 23ty
230 E94 FHe onlstA etk o= QIR QIAI A ALS A A7

HeA o2 gjtato], 17ke] o]

7 2o JAA-A A AL s
o]+

Y3} 23e Ausele] AUAE o i AlRg Fele] k-2 B
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= =3 JAHoltk(Ajoudani et al., 2018; Villani et al., 2018). we}
A JeAAE FeE5 A9 AT s dAoA), &5 A5 Az Al

2Ejo] Fefof & A suder & 4 Utk
U deEs A
dezxe A2 (29 2-4]19 o] mYEd o8 (Manipulator), €%

HHE (Teach pendant), Ao} A]|2=¥l(Control system), 1= ©]#E (End
effector) 59 F+9 848 FAEo 9dom(Wang et al., 2025), ZF

Bol = theFat A4 (Sensor)7h E@Ho] gtk WU Ee|E = 2ite] B
Age sk, AU SAAS Fol BAZ olBAYL 2T Belx
48 SR BF ANES 447t m2o] 42 48 AosAL
Zeadgd & b ASA QEsels FAw, AnHQ 24 HPS
AFEh Aol A2 FERRY T 9T dFet, B4 A
s A4 dolEE AAgteR Aeistel dhsta AR 4 FAS
BART, AS o AHE At & APsH TRoR, A9 UARS
48 WS W), Y, BT S 5O 0FW AYe A9

(Hameed et al., 2023).

Manipulator

Control system
\ |

Teac pendant

End effector

#g
(18 2—4] H==2%9 4 (Doosan Robotics)
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ol A QAEL PERFo] Azt FUI A FkeA <k
! U (Polonara et
al 2024). 53] AbgAF 2349 QAo A9} A TRy WA
o A AFo) ARV 2ES A4 2Fen B8 £ A doz
W, Fa Az FA AL AA FEel 71} @H(Borboni et al

2023, Wanget al., 202

=
ol
i
)
o
fu
2
2
10
4»
%2
o
e >
do
N
)
o
fu
oft
i
i
2
%2

(@)}
~

& L
(Keshvarparast et al., 2020), o]& Pe=2xo] A Fsta, HtEZoln o
223 AYs Aletar, gt SA14 S 2 A e SAE Qg
AEsHA 2EYAE Fo|F =91 57| wjito|t
Hes2Rol Fdste T8 48 7ee

al., 2020).

3 A\ | A\

&

-~ = = - LR
—— e— _— Palletizing
Pick & Place Assembly / 1
E o
ne Ten m

o 549 o]% (Pick & Place): P25 FQa3 54 F slfoln, §
F= Aol & A4 =AY, =%e 3 (picking)stal wket= 2HS
oA &gt

o ™Al ®lY(Machine Tending): A&3td 7]Ad F#& FgstALY &
B FEs Ade AHeE, 34 A9 5 T8 Vs oR hgHT
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ZH(Assembly): FE2Ho] T3 J3 F UE st wofo|
ZpsAk R AAp BE T ohE ARl A

“(Packaging): E3% X4 Zdol A=, AakEel F4 g 7]
olg 4 Q)

o A7 (Palletizing): %S Z#E(pallet)eol] 2E Aoz, s E3%
Ao = &)

o] Qo= PR vy e A

o HAl(Inspection): A% #F2 A 2 EHl X
Al 787 oHE AF >

5)
o =/=¥ 9 FEof(Dispensing/Coating): &=
A

o

B

}(Painting) 2 H2&A =

= H ——‘j_z—-
T ZFE S8 Hokell x3E £ o, A Alx A FIf sehE
o] AMEE = A FAHAAME FgHT
o W <vl(Polishing): %™ vlzr 2k (surface finishing operations)®ll
AREE = 7hed oo, FE 58 dAnt A9 ol m=EF okl &
AS dAste] Q1o #g Fals ddAoR U o= o
e 73 HZZ(Mold Handling): A5x HE mHAg] FAHAA A1
AR =, AAF 2 58 Ank ZAYGel o] 277k theke S A
gt}

9 PR A= o] Feje] Aot P B J)Ee] A5 WA
[e]

o wa} 1 &8 9 ALsiA FuEa ti(Kakade et al., 2023).

He2HS s 488 8 g Z=2awyoe] 7hsstH, 37 e
A A wA 2L A E 4 ok (Rossi et al., 2020). 18X %5, ¥l H o]
H, gAd Edd T 27=9 &3 H7]s Gripper A5 3 o=
B2 TFe Aol dE Fdd ®H AGAEES =7 AR Y ol
2 HASA] FokR 11 &8 doS Welrka A (FHA T ¢, 2023).

A= d5 25 (Cobots) &
t}. Colgate (1996) =o &) A<

alo re
-
offt
o ot
flo
ﬁ
“ﬁ
=
)
M
o



%= (I. Foundation & Architecture) SACIA AlZ}ate], QIZF A =}oto
g 2 A 24s HRE e Aevd Bx AAJAD) Jles 753
A, 7P B Aeek #E VA oS dyske d HEHA
o], e EHol A, AAF D 484 (1. Safety, Ergonomics &

2~ Q.
T 7O
FH A7 ggor Ay Fow
Z

Acceptance) A5 | Ast= Ao & 21
A, ISO/TS 15066 % EN ISO 1021837 & =4 <A =
918k 4714 9l RE(SMS, HG, SSM, PFL) &, 23 -244 1t 55
2y 5oobd Ao dadE N, 2E|an ARt AEd A, dA F
of, AlE g ggme g2 Q3 T4 247 Fo A FAR F4ES)
<+ (1L Cognition, Control & ADSE WHoloWA, AT+ =
X Aest % akgtel e wEof, wAlHYE ML) # | A3t o5
= 28T AdA du/Ad 4 R A AR g5 AT
v, 2349 AH WA (Hand Guiding) T2 o] w3l Bk oy
Zh, dxd Ed, 7HgE AlEdeld, A €93 2 & =

.

(3 2-4] o238 #d A7 & ¥4 (1996K1~2023)

oA AR (EE) =& a7 &
L 271 A Coleate et Cobots: Robots for | A FAA<}e] FLS HS
of % AuE | %1996) collaboration with human | 2% (%) /g 2 o}zl
7 = | operators A9,

3 = 7 (e} o =
I(}Foundatz Akella et | Cobots for. the automobile ;lo;g?}_% i}]%o_jé ii%if;
Architectu al. (1999) | assembly line X (IAD) /|52 A=,
re) Gillespie et | A general framework for | ¥ AoJS 93+ LAwrx<l

al. (2001) | cobot control A AAL
I1. »"Jﬁ’z_ﬂ, . Whose job is it anyway? A ol elo]A] olzki} = 7
¢l Al & 8 | Hinds et | study of  human-robot | 5 o1 wo s ol 7}
2 =24 | al. (2004) | interaction in a °l 4‘? v W -2
» Tee . 3 454§ (HRD) AT
(Safety, collaborative task
Ergonomic Arai et al Assessment of operator | €9 % ¥ X‘%‘Oﬂ/ﬂ 22 ¥4
S & (2010) " | stress induced by robot | &E <3 FEEHE FPxlo
Acceptanc collaboration in assembly 2EdY A PG}
e) Matthias et | Safety of collaborative | 35 ZH =X ZAMEC o
al. (2011) | industrial robots: | 3 <t AF 7t 2 QbA
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Certification possibilities... | A +=9].
. T AGAY ZH FEEd
Acceptance of collaborative | © _° :ij tel 23 qu ;]
Elprama et robots by factory workers: & Rl A A e
al. (2016) a pilot si,udy Y | (social cues)?] T4 2 &
A4 93 gl
- Demgmng‘ human—robot 219] 870 A2 HRC 2] 2
Simdes et | collaboration o (HRQ) 7+ Al W3 A 53l
al. (2022) | workspaces in industrial A
settings... .
El Zaatari | Cobot programming for | @ Ak ZgS 93k z i
et al. collaborative industrial | Z223%W 7§ (ML, AldS
(2019) tasks: An overview D)
Zhou et al Multi—robot multi—station | % Z&/tb5 2HolAH &
(2022) " | cooperative spot weldingtask | -85 = dFH(HAE HAH
allocation... 3} 7]9b) Al A
Jahanmahin Human—robot interactions
ot al in manufacturing: A survey | A|Z ok HRIONA <17t &
(2022) | of human behavior | & ZdHo] o3t A& FA}L
modeling
Industrial collaborative
L <14, Dtlachenklo .rotbot ; Dlglta(l1 T;mr} Aeg FEey oAy =9
B W oo | al. | integration  an control | &4 1y AL
11101 K;} (2022) using  Robot  Operating | ° % 7 191 (ROS AH8).
° .. System
(Cognition Dee Reinforcement
Control I L b ¢ C ) Ay A mE=Euyde o
& AD) - | Jeon et al. | Learning for ooperagve Bat Bes Zoh PEan
Az =o (2024) Robots Based on Adaptive o
e Sentiment Feedback o
7 [o] ot
Yu et al. | COACH: Cooperative ;ﬁ]}\fﬁﬂéMacgneéijmﬁ;%
(2023) Robot Teaching (aeachi;g”) o ;j
A Dual—Arm Robot
Thao et al Cooperation Framework | B]A38 2d o= g2 #o]7]
(2023) "| Based on a Nonlinear | ¥Fo] %2 23 2 Zg9<L
Model Predictive | =.
Cooperative Control
Sustainability of
Rinaldi et | Human—Robot cooperative | HRC +A 2] A& 7t AT
al. (2023) | configurations: findings | (A &/374 2/ 184 F).
from a case study
Ej‘] Xﬂ ;(]— )qud
shd Ile] P RE dd AT FERE AA 71 st
HW) T2, 75, Aol 2 71784 548 tee <

el

&1 (ISO/TS 15066 =)
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T2 F3E Aol 8670AF (35.7%) % 7MY e HTS A AT
HE olo] F&7bE 47/MAH19.5%), HAAREE-ARIY 310AH12.9%),
2558 20704H(8.3%), 1A A Z=A 16 70AH(6.6%), Eet2~E 513kt
A 15704H(6.2%), 71EF AFd 2270A1H(9.1%), 9 &-33717] 470AH1.7%)
O ® e

o]

23 AT Bx= Il T4 AxdY A Fx2A 54 A &
3

o] A8k A (Automation Fit Index)E WHdst A=z &) wc)
Forge AFak 5 AFA(35.7%) €4, 29, #AF & g Hoa
IAYS Qe FAHo] Wol, A xE3le] ExolE(RODY &
A1 2] A (operational reliability)o] W24 A5E 2o},

+ Villani et al., (2018)¢] A3 AFeAE Eld vl Qo
A BE Aol 28 2 dEER =Y i) b we
2 RauE g F 8 Ao 24 Aye A5
23 Asste] A5 A P wEA F4E i3 Aol

A Ad At Fde AES Bl

o,
Ny
%)

ey a5 A4 | neg | 983 | Az | 22T | 3= | g A
S5 | ke | el | EE | oA | we | E | dspe L2
2022 15 3 5 2 22 10 3 7 67
2023 12 3 8 1 25 10 3 4 66
2024 20 10 7 1 39 11 9 11 108
A 47 16 20 4 86 31 15 22 241
B B B D 23273 wome wyg=E oz g1
WUSHFE anNeEY wECiAyss i SR

86

a0

10 = 25 -

2 == 10 12 . B 11911
-k ak K

0

2022 2023 2024 1%

=] : Casebook of Robotics Manufacturing Innovation Support Project

2022~2024 (3= 2 AR 9
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HEE, FUAL-7FE Tge] 5771(23.7%) 0% TP =shon, EXOP
F514(21.2%), 28-HF 367(15.0%), &3 314(12.9%), FZA =
2671(10.8%), ©r=-Z# 2 2471(10.0%), S4-AAF 1371(5.4%), 71E} 4
A(1.7%) =22 Ve

(% 2-7] A=W 2R 4§ $4
—g_;é _TE;—]-}—/ "zr}_—/ Q2 x %?7? %‘Zé/ 2 %/ E‘L-;g' 7] E]— C_EE
B | Zdx | AE °n z AAL | AR | =W G
2022 7 4 12 3 16 17 0 67
2023 6 8 14 6 7 16 3 66
2024 11 14 16 31 4 13 18 1 108
Rl 24 26 31 57 13 36 51 4 241
o = 51 moE/EE A wFEE/AE B8 RIS
50 =SE2A eEES WENER W

40 36
31 31

171618
20 1 F 14 114

i { i 54
lihi lh I.I -L I‘ IhH OE
\qg 1-”;? ﬁ,% A\(‘)

&8

w2022 W2023 w2024 wEF

=] : Casebook of Robotics Manufacturing Innovation Support Project
2022~2024 (=2 XA TY)

o] A= F4 Ax7IFY AL A2V v9ES-AY AH(High—mix,
Low—volume) % A (Cell) &9 A2 A (Flexible Manufacturing
CelDE Ak Hsleta &S FHol HAFEo =, 7159 &<l (ine) 7]

w m%kw iﬂﬁlfﬂ]/ﬂ—t— A AFS W YA AR F2 A4S

T8 ®¥WEol A3 FEY (Customized)
A ‘5]‘?0] zol, ¥4 RE3hFA3(Modular & Flexible Production
Unit) & A&t =5 2&3t defo] Fasirt
A8 FA FEX T BZuAY U, =H/A4AYH =T T
59% o= A= H2, 2R =9o] v Akl vl = dky
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0 g AAET 58 20249 @ & gk 23807 =Ee] A
¥l o} 58.7% Z7haairt.
(% 2-8] 9= A& =X
REI = ‘:}‘V\:}‘;‘% 1 H | = = = =2 ax 3
i/\TL“‘I'I‘ i*}ﬂ; 2 E—E/\ o%i/\ %‘ oiz\ E‘ITE/\ ‘:}'74]
2022 168 88 8 47 7 318
2023 150 87 9 33 19 298
2024 238 127 15 34 6 420
A 556 302 32 114 32 1036

=] : Casebook of Robotics Manufacturing Innovation Support Project
2022~2024 (3= 2 H AT H)

Hhe A w238 302t0(29.2%) % F HAAZ H& v &S Ao,
A4 5 AAkERl W] Wi o]f F Ao A8t
& =

ROI 3]4=7]3te] "4t 1.7de= Fa, A7}

!:1

a2 Az7Iel A= A iA AE3k 219 &5 (Entry—level Automation
Solution)" .= &-g¥ il t}. WA Pz 114H(11.0%)7F a4
of IX-=F YA AMAAE FNTI= 98-S dlen, 53] AEAt
- - AAEAE gRlel A 2R b T AR dRE
el 7lelsolnh. WE =R (32, 3.1%)7 EHFZX(324, 3.1%)9] W
T AMAom Ak Al v HdA| 293 S8 A2 HA 5 7]%"]
A% HWA FF 533 2% (Integrated Logistics Robot) A%l 4
AAEE RgFE 27 AF= Hridg

A=, 3dzke] By e sdl F4 AxgY 2R =Yl o] F



2 AT FAY AAE dRAne PFso] Yes AFHOoR 1o
Fh ool @ 49 SA4e] ofds Beld Push wrEagle] oEs)
B T2y WdE sk B4

(Mechanical ~ Automation) — @AlSA A
Automation) ©AIE 2lstat7] g F A Ao
gA] G 2R AYLS T4 AxRT|YHe d24F A
oy F5)S nYstHARE, gt 25 Vles &8s At 74

T4 3 (Reconfigurability), 2t 84S SUgstes T4719 U4+

23} dgo] T

-1 H ! gl %
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¢l (Environmental Context)= -3} (Tornatzky and Fleischer 1990),
of Al 7FA &4 alE2 7wl gk Aok} V3 E BT AAE
H, A stAA x4 7w dal YgabAA kS mIn ASE =
7] TOE Framework®] 2 FA Q49 7|&-x22-31749 7 e

A dsl [2d 2-7] 53 2ol AAEAH

[719) 2—7] =4 : Tornatzky & Fleischer(1990)

! )

Organization

External task environment

Formal and informal linking

Industry characteristics and structures

market structure TI?Chnolo_gical IE
Technology support ™ detlz?s'::;ar:':::ing i Communication processes
infrastructure Size
Government regulation 3 Slack
J 3
Technology
> Availability <

Characteristics

7]% —9—?_]_% —%Z‘]ljl]' jﬂ'%% LHT 7]% el g"[‘ 7]€E E"H:‘ JAEO}'—‘
Ao]™ (Tornatzky and Fleisher, 1990; Baker 2012; Jeyaraj et al.,
2006), o] ZA o] Al HHA| 28 Ao JgFS v A& 7|E

d e9ES ZHe7led, dA 22 el oln] EAste 7wt ofyel,
oA Abgatal A FAIRE A el A o] & Thed BE VeEs 2T
t}(Oliveira & Martins, 2011). %7] REdo|A 7|&2 A3t =z 718
A (Availability) ¥ EAJ (Characteristics) 2.2 FA FH 2 o™ (Tornatzky
and Fleisher, 1990), A7 AM&H = FAAQ] EHo=ze Fuid o4,
5344, 334 5ol dth(Ramdani et al.,, 2009). & o] B{3 7]E 7]
= 7w Wstel WHeet £eo AL e AE AAs, g4l Vs A
8 AR A2 7ol 7L Ve A duh A gFekA el o5 A7
H o} (Tornatzky and Fleisher, 1990; Rogers, 1995).
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24 8Rle 71=gAY E9S FXsAY Aldkete 249 54 # A
= 7199 Z2E 54, A, 5 &8 UES S &
Howe A FE(Size), B9 T&, ALY 4,
5 qrtaE, 283l of AY(Slack) 5 o] Jalg A=

S ¥3¢3tH(Tornatzky and  Fleisher  1990;
Sabherwal et al., 2006). %7] R4 4 Q8o+ R (Size), A
A (Slack) 9= 324 % HFA AZ FE(Formal and Informal
Linking Structure)®} 9JAFA-& 4 (Communication Processes)©] 33+
Hol glom, =42 82l #E Fxo B, JFs A%, 323
=, 744 &Estel 2 A9 724 SHHRE "ol i (Oliveria &

Martins, 2011).

o =)
= T
shH, o] drkAl #HE FAE HAHd 9F
(Tornatzky and Fleisher 1990; Zhu et al., 2005). o] 9% 3}
o] FYol F&FES mA= F3 80 D A3 &AL xFetH, A o] &
s A 2 AR AR 71, FE9A, 12, AR 34 (Government

Regulation) % AA g3 7]& XY 7]¥F F+Z(Technology Support

oM.
o
N
N

Infrastructure) o] <A oF TS >33t} (Tornatzky and Fleisher,
1990; Zhu et al., 2005; Baker, 2012) A|A|3+ 7] mdo] A Q40
= 9% 4% #7(External Task Environment), At 54 2 A&
Z(Industry Characteristics and Market Structure), 7]% A4 7]HF

Z W AR A7 235 1Y (Pudjianto et al., 2011).

1}, TOE Framework® o272 7]wh

TOE(Technology-Organization-Environment) Framework+s F3% 9|

A 718 =9y ks AyEtr] s B34 o]EE =, Tornatzky
and Fleischer(1990)%] # 4] The Processes of Technological Innovation

ol A A5 AASGHATE °]E2 7]=(Technology), 2 (Organization),
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317 (Environment) 2] A 7} @W&ro] A& zg351H 7]
o

TS AAIT HBou 53 Z2 AXMe FH(FE)

g} 2ol iy gk o] F 24
gAIZgoZH TOES Fx4 £ 7
Baker(2012)% ZHA|Z=RI(IS) #ofollAl TOEE A4 ste], thdst 4t
A 7= FobllA HAHORE AL Jhed 24 T Ve oE
o2 Fyti(o]dF 2, 2025).
TOES] 7]& Q<212 Rogers(1983, 1995)¢] gHilo]&E(Diffusion of
Innovations: DODel o]&4 IAE Fia  Auk(A7IE, 2022).
Rogers(2003)+= 41 A8 #A8S A2 (knowledge)-4 = (persuasion)—4
A (decision)—-°] 3% (implementation)-2+%] (confirmation)®] S5TAZ &3}
3, AHA o] H(relative advantage), BFA(complexity), A A
(compatibility), A% 7Fs7d (trialability), ¥27Fs4 (observability) & &
=

A9 Sxgol Ae Aol WAL FFS FHHelh, 2021). oY

st A EA W4E o]F Tornatzky and Klein (1982)¢] HEREA S =
A 5] folst AaAATE ASHA Lo, o] d5t= TOEdA 7]

r o
o

Q.
2004).
24 81L& 1970~1980d 1Y =44 AT AHIV|E EY IdTE
EQ 2 FAHAH Morawiec et al., 2023). Zaltman, Duncan, & Holbek

(1973)& #]A] ‘Innovations and Organizations ol A ZZA ¢ F+x g W

I

TARE AAAN AFH woR AFAAHFY 9,

fl

AS JA-AE-TH-Fa-F ] gotA HHow FRetar, Zh wA vtk
ZZHo Fx4 EAY AR Aol Fask dEs dvfa Kkt
(Awa et al., 2016). o]g]gt AFELS TOES %37 WS fFAlst= 314

Al o]EA 7lwto] HRoW, A X, off A (slack resources), T
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(Maurice et al 2001).

obdA Jiddl= ARA Ay =Y o] 25 xstdEY. AdA A
A2 P& 9 44 w/iHT-E 5 % S

A (Perceived Safety:PS)S 9g oz RE Ho] wrps =75 7jbio g
H 7t MAA, ARSI, Aeld SHS 23

5o QA 999w AdeEw B Ae TBH o]FT ¥X

at

=
o
=
o
o)
=

@

@

=N
~
0o
o
S
>
N—

[0

o|r

rlr
P
o,
I
ki
_l
o
ol
ol
H
=
2
oX,
o
N
=)
~or
=
AR
o X
i)
a2
O>”
=
o
_>|“l_',
{0,
o
il

S

A3 AFelA A" A" HHAPS)E JAF-ER AeF
(Human—Robot Interaction, HRI) &ofellA] AAH AL Tt =4
A PdE ol Q1] AelA S9HE thEH(Brohl et al., 2019).

AA A b AeA Y SHolA 2R 8 ok £+
= T2 A2 A S gigk Jtol=eelE Alwsty =2F <l
A g R7} FQstth(Villani et al., 2018). 221} HRIS ¢HdS 9six =
2R Aozg oz ) HAsE B A A E=3 Al A
ojof &t st=do] B AT E ] HAAN =@ om kdg =itolt
A, QIZE AREARl Al A" S A BAstE AL ofyt

(Baumgartner et al,. 2022).

3) Fa AAZ A<D (Top Management Support)

< AYsta Fdste FA TS WA= 82S A8k TOECA
x4 8219 A 74 84 vF oI tH(Bradford & Florin, 2003; 7}t
33 & %147, 2014). TOEE 7|dte g ot AFox =224 A3 a9l
52 719 54, Ha A9 A, 24 HE & XFeta o w
& ATl T4 AxXTIHY] 5 Ha AEx] Ao Fal Vs =
do] AolE FHeshe b T8 9F8S st oz BAHI Y (HEA
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7F &9 tH(Quinn, 1985; Young & Jordan, 2008).

o, 2019; A71E, 2022).
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(Hamm & Klesel, 2021).
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W3 (Tornatzky & Fleischer., 1990; Zhu et al., 2006).
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@ o],

o] AlA]

719

5
Ao 2 A3 h(Baker, 2012).
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(Baker, 2012; Oliveira & Martins, 2011)

2. 714 48 X9 (Technology Acceptance Model: TAM)

7} el A L Ao

Davis(1989)% 21710 g 8 o|&ox AA|d &o]A (Perceived
Ease Of Use: PEOU)¥} AAE -84 (Perceived Usefulness: PU)2 El
Lo g3 Fa ARE YEE wiiste] AAl Al FF}E FUe Y
= [29 2-8]3 Zo] AAsH. A" F8&848E 54 Alzgleo] 24l
o] A% FaAS YA Folgta U= HAEE alH, AXE Sl &
A A 2dlg ARESkE Zlo] =9 glo] gua B ARE udt
Davis(1985)7F TAM= Mgk F8 542 Al25 S40] AHAL 548
of vAl= S AW H ASFE F e ol8A RS s Ao
Aot [11 2-9] B Ao 9lo} TAMS AH8AZF 54 7]&e]

xS

&-3laL(Perceived Usefulness) 53+ A}8-3}l7] gt (Perceived Ease of
Use)al <A o, T 7]e=s AM&stele dE 9 %=(Behavioral
Intention) & 712 7FsAd o] =olxlttar 74 i vk(Davis, 1989).

z7] A5 A3, TAMS 2l 4 8 9lo]&(Theory of Reasoned Action,
TRA)SF Hlulste] ARRAL =8 o5 U 2z Addslon, dXxH &ol4d

o AXE f84el FAH YL WAL, F A BF AR HE
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(Attitude Toward Using) & &3l A& =(BDA &S vtk &4
Sl AAE W s tH(Taylor and Todd, 1995).
Perceived
Usefulness *
)
E | /V Attitude Behavioral A I
th_eg?a Toward ¥ Intention to > s ctuaU
ariables Using (A) Use (BI) ystem Use
T — Perceived S — S — S —
Ease of Use
(E)
[Z27 2—-8] Davis(1989)7]% 48 9 (TAM)
Davis(1989)¢] %7] A7+ &4 7]&o] old HFFE 7|uk AW A|~H
(computer—based information systems)2] =&l #3F dukAo]

=}
3l 7] fstold o, FAA == AR WA (e—mail) A|~¥ GAE H
A7) (text editor) 9} £ 7|EES AMEsto] RAS AEdlom 19 Uy
= ES U 2o

e 1985 HA} 89] =& (Davis, 1985): Davisi= 19851 MIT &€& 43 0)
g9l WhAL 8H9] mitoll A "M 2 HE AREAF ARA|AEES AP0 H A
Esl7] 913 7= & RE"s st HAEon, o] At HxE A

O

¥ EXo] AFE 7|y AREAAEO] X182} Fgo) nX]E Ik

e 1989y MIS Quarterly =% (Davis, 1989): Davis7} TAMS] 7§33} A
= FAHo g Wik MIS Quarterly =& ol A= EA ARV &S o
A Goldat JAAE 7848 HEE Msta Aty Hal dx W4
(e—mail¥} H2E AH7|(text editor)E ARt}

e 19891 Management Science =1 (Davis et al., 1989): TRA($= A 3
T o] 2)9} TAMS Hlusk Ao A= Y= Z 2 AlA (word processor) AR
of tigk MBA &9 s HAs= o TAMS 483

olgigt 7] A5 TAMeo] & 7ls, 94 A3, tpket A+ 3
AT Ad#AAT eEFFAHS FX 32 ¢l=3st= o 7]989 tH(Adams et
al., 1992; Lee et al., 2003).
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L}, TAMSO] o] &% 7|4t

Z|EFERA(TAM) S o284 7|k [X 2-12] 2.°F W& o], o
8% o]E4 Ed fdd A¥HY. TAM=2 Davis(1985)7F MIT HA}
g =ol A A g Aleket o] %, 1989d  TMIS Quarterly; ol 74 =™
AR7]=(T) 48 A7 x4 BFoz g Furh. TAMS @52
B Ok mdo] ofywt, 7EY AbAlE| ey et o]&s 7|kl
AAR oz A48 o]24 AHEo|th Davist /Aol V&S FE3te
gal7] & 71Ee]l g4 @9 o]E(Theory of Reasoned
Action, TRA), 7]th7}X] o] & (Expectancy-Value Theory), A7] &5 7o) &
(Self—Efficacy Theory), 18]al &Aool & (Diffusion of Innovations
Theory) .2 HH 4 /@S 283 tH(Yaputri et al., 2024).
™A, Fishbein & Ajzen, 19759 3&]4 & Lo]=(TRA) & TAMS 7}
2 2H A9l o]2F vuto 7 “el = (Attitude toward behavior)”$} ‘T3
A 3+ (Subjective Norm)”©] “8%& <% (Behavioral Intention)’& 27
b 722 AAEHA T Daviss TRAY 7|¥ 722 §-A31HA, 71+
T8 g HFgsteE H4E destelglti(Lee et al., 2003). =, ‘H
Lo @S vAlE 8o JAAE #8483 dAE Kol AAsH
i, o]E°] % 9 %(Actual Usage Intention)E &3 A Al&s
(Actual Use) & o]ojx|= Q134 Fx&5 AAsI3oh
EA4, Vroom(1964)2] 7]t|7}x]o] & (Expectancy-Value Theory)< 7§<l
o] 54 dqvg FHL sU7E M= olwE A diEd 7y
(expectancy)’ @} ‘Ao 7Fx| (value)' & A3} o] 20|t} Davis(1989)
o] o2& EE AMEAL 7S Ed ARG 45 AAE FAE
Atk ME AEE A" 8 (PUeR Aot 5, 717t
o] 2ol A ¢ g3 7]t (expectancy)' 7} & 7]=o] 7HAE S84 F
gk AFEAF] A2 AZAE = Aolvt(WAE, 2009).
AR, Bandura (1977, 1986)% =A}7] &7 o] =(Self—Efficacy

Theory) & 7HQle] Fox1 #H& ATH o2 FdT 5 Advke A, =

> e
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Axlzro]l AE o 7o AR} A& Fa IFS v Hvke AT
o]Zo|t}. o] AdE TAMS 4l W F sl “AxH go]d e 4
g7 A2 #8339t (Lee et al., 2007). Davis(1989)= A|~#S 4]
A AFEE = Atk o]l AREAR] A7) & ad WA #Ro] glo

3l HES

W, 22 A7) 2 M2 7lse o 4 shEska A
K

[ 2-12] 7= 22 (TAM) 9] W74 o&

TE o] & AR (A=) TAMel| wtdd 4 70
85 ©] &= (Behavioral TAM®] %2 o)
Fishbein IEIHlterEtion)—E ) EP?rﬁei]veéigsqe)fujljrrless
. _ - % (Attitude AR F84)2
Ta] 2 &) o o] =
el e ((%9A7JEZSH 9} 734 R (Subject “Perceived Ease of .
ive Norm)ell ol 24 Use(UAE AFE 8o]AD)
2h= - HX — AMS9 %
NRle] B A5S
Bandura | &8 o= 33 4 . . ,
~ o Perceived Ease of Use
A7 23 (1977, | o= Be —
“T | 1986) | PEOU(IAE A8 as d5 =2
fo]4d)e A84 7Iqk
A3} 7] (expectancy) <t 235l SEAL Yo
AvipAele | (Toom | 25 b (value) 7 PU{est 34 71 A
P s A4 =
A 82 A old
o Roger (relative advantage), PU < relative advantage /
HalEko] 2 (fggggs) =343 (complexity ), PEOU <> complexity
%—1}:/‘3 5 A2 5| M LA
[e]

npxjato g2 - Al Aol Z(Diffusion of Innovations Theory; Rogers,
1983)2 A= 7Zlwmolup ofolrjol7t AR A AA el A SitE = A

Arstes A AR o] o= Ao AMES A= oAl 7HA
(A oA, 538, AR, AE 7heAd, B TS Al skl
o TAMS] “91x" #8472 Rogers7} AAISH “Af4 o] (Relative
Advantage)™¥ A o®  fAbstH,  IAE GolAe HAA
(Complexity)”e] ¥t 7R3} DASHA d-5&H - (Moore, 1991). Davis&

=
s AIA WS Bal /1% S A4 B 2k o|2H AHHS

o



ANH o R TAM> TRAS 13} FxF 7|¥to R &y, 7d|7px] o] &4
A A3 SRAo o3k U e(Perceived Usefulness) S, A7) &5 7to] &
A 714 A8 89X (Perceived Ease of Use)' g, &Al&Hilo] 2o

H
Qck. olH @ BFA P G| TAMES Aol A4

[}
f= i=
4 Ade FHOR V1% £§ S AYsE MY E oS nYy

abi

]l A

V=l A oldd B Ade A4 Agste] e Rdoje &
2 2]

o

2 H7Pka 9)th(Venkatesh et al. 2003).
t}. TAM 9 W<

1) ¢1X ¥l go|A (Perceived Ease of Use, PEOU)

QA E oI elo] A ALHE ek Aol Beld-gaH wo]

574 9% Zoleba W PR Yo Hrk(Davis, 1989). F, AHEA7} AT

1% = flo] A7 AT SR oleku A s AR B ouw
[e) o

H

54 39S ATHosE 8T 5 dve 2]l A
7Fo]l 2 (Bandura, 1977, 1986)°l o2& o2 L AFY, &3] AHH 7]

M= AFEH A7) &5 7 (Computer Self—Efficacy)©o] Q1A go]Xde F

Q A3 geo & AAHo] Y%r}(Compeau & Higgins, 1995; Venkatesh,

= A 7hd o] th(Venkatesh, 2000).
sk gol]Ado] =rhal QX A~ AREA7F i 2 ARRStal 5 48
B3 % ¢ woa A4 sl QIR HE F-8A(PU)C FA-A Q0 FekS 1 H
=

q
g3, ALGATE AF ASHS S5 JEot WE
=
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Davis (1985)% HMA}SHY] 3o A 7]|<FE€REI(TAM)S A& A<t
Sglom, o]F olxy folA o= FAHFY] 9% 6719 w3 A

k3 o EalSo) o] V)& AFgol HAA Huk

Straub, 2000; Legris et al., 2003). o]g]gt W3S ZAH37] ¢ Davis
7F st gRes2 AAE T2 (1 2-13]3 @E}

I AnE _ ..
:‘j% QE 23} (Original Item) he] ou) g ok
: 2 N &ES AR E W .
Learning to operate the [system o1l Ho e | s
PEOUL name] would be easy for me. ;}i}gia. 2 el Al 1% ol
I would find it easy to get the | U&= A|2~ES Y7} Y= % 7}e)
PEOU2 | [system] to do what I want it | tHZ ZFA|7]= He] At gow
to do. 7 Aot} &°l’s
My interaction with the Al 2Bl T} o] AFS 282 o1 7] o] ~
PEOU3 | [system] would be clear and W ekslal ol sly] 4& & mWaA
understandable. Aot} °ie
pEOU4 | L would find the [system] to be | A|=8& 435 2-§-6}7] ] fred gk
flexible to interact with. sttt =2 Aolg CIR S
It would be easy for me to U A AES =23 o
: : = AEES S5 e o
PEOUS | become skilliul at using the | {55 o] A& Aeiet. | §o14
‘]
ppoue | [ would find the [system] easy U= Al 2=Elo] A3} i‘%gxﬁ
to use. f#oa =2 Aolu %‘%‘3

Z7 : Davis 1989
2) A% F8A (Perceived Usefulness, PU)

= AP EA AREAEe] A

Folgtal WiE AEE usth(Davis, 1989). ©]

Melol 54 7w &&o] Al AF asA, A, =& AHE
FAE Zlolghar AAskE Aldem Fojytt o side Fishbein and
Ajzen(1975)9] Fel4 @Fo]Z(TRA) Azt M=o, A
kAo ek ‘A3 7] (outcome expectancy) b= Q1A A @ e WA
%] &

3] PHEEH(Bandura, 1986). A& A A 8 7129 7FRU
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FEAAE AT F O 7ES AEHEHoR &8st} st s 714
| Eth(Davis, 1989; Venkatesh & Davis, 2000). wabA A&7} s

e gl 4TS EAHOR o] §F £ A, Ushs Mux 2

}E Qe 5 A, 2w wAY 9TE FE a Qs wagf, =
3, olgAEel ARG Fal mEel A4 AU £84E A7 o, e
ke olgahan s elxh 44 Aoleh ez, o

FF ATAE e 7 AFgel AR mold] 2L E A% F4

< O]

7o)
A Al (performance outcome belief)" 2 EFHTH(Gefen & Straub,
2000; Legris et al., 2003). o] HALXZE =A37] Y3l Davis7} 703t
YEEZ AAE T2 (% 2-14]9F #o

[ 2-14] A E F84 54 &

B ] ..
Rﬂi_%_ YE E3F (Original Item) ] om g ok
Using the system in my job_ Al 28 & /*}%j}”d_ Qr i
PU1 would enable me to accomplish S g waA s ¢ | BT
tasks more quickly Z o]}, © o
) A ~E ]S Afesi
PU2 Using the [system] would lﬁn‘jj\fﬂw{ SR A 7
improve my job performance. o e o= A
. . . Al2~E ]S AL&5H
PU3 Using the [system] in my job %5_“]@3 ;\4}53] OL_;C,]_;] SR
would increase my productivity. o el = SF o

>,
N
T,

QT [AnrQ O, [0hn®, O [y T 0 [ . 0. [30r0, O,
O ar|r |40 — |oy -t —| 210, | 0. {0 |mlo—d
¥

Using the [system] would -5 & A&t 84
PU4 enhance my effectiveness on the ol FHA ol S S
job. 2 Aol cc°
Z<EHI]O Ales
PUS Using the [system] would make ;173%3]_?}7] ;f a}ﬂ‘j‘ A5
it easier to do my job. 3 ;o]\:]- ol A
= N .
: o] [A]=Hl]o] 1}9] AnkA
PUG I would find the [system] useful o %%3}5}1 715 %%§
in my job. t}, o] 4]

=] : Davis 1989

4 )20 A&AA A TAD Aoko] AEFHUA A2 Ha
esol Hekd kel delel mzsl BuEn glew, oY JEEe
AEel 4 WA Y TRE 2Rdow WaAIZ JTHFAA 9,




2017; 834, 2019).
oj¢} e W3} LA o3 Al 7] Ao TAMS HAAR] o] &
A ER F48H < gl

ARERES] 7w 8 s AW ¢ AdS B oY (Venkatesh et al.,
2000), M2 71=9 =9 27| dAs= B340 A4 AFgS
ojgfat= ©l FE&F Y & FToH(AEd 9, 20105 o] A3
2017).

53] FHLo A 5olAxE TAMS 7I8te = URC K918 =% (A/4
9], 2009)37 & 2Xo| QAFAF(AD) Mulx (Fohd 2024; T4, 7
317 2024), 2WlHE Av]x 25 (23] & &, 2024), 3% F
wolt BE (2 9, 2019), AAGNAS AT AT A =FA (
A & oldwl, 2021), RIERSIY Ze 7P gd (Alss], A&
2016) 2 A=A Av]~ (AFE & o5, 2023)9 2 5§ 7
of, T18]al VMI A28 (FF 9], 2016)0]vf ARE HHA|~

1513

=
, ol 2019) 59 AHARA2E 2 SCM AH7|E wokg
A

3. 1A% & (Perceived Risk: PR)

=

7} AH 9

2

o g @ as Auel 27

A

D A2 Al 7id

Bauer (1960)+ '91A1¥ 1€ (PR)'olgh= /@S Ao =2 A|AA T
Bauer= AH|ALe] BE d{7F A 7k BE AHRE oFT 5 7]
ool flgoe] Attty Hkow  QIXEH ¢ 2+

(two—dimensional structure)®] Zgo = F-73}A

i}
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A7F AE AR ARE SASHA A5 & }laL, 1 A T A5 =
Pk 7hs/dol A7) well MR FEolls Aol Futdntar s
AxE  fl¥e B3 A(probability  of loss)¥ £ A7HA
(consequence or importance of that loss)< 3k Ao = 7yd3tE At}
ol F& ABS WY W A& 45 F s

EAd S 9ret, o] H gt Bauerd AoE HE O
g A" AAS FrAkskA a8t elT

=9, Peter and Ryan(1976) Q1A]€ 93-S ‘Fofe} A &4
g 7ol Fuf FEo] AAA R gt Aem Jfdstgon,
ol2 &£ WA FE(probability of loss)d £24¢ Ay rE=
(consequence or importance of that loss)o|&h+= F+ 714 =3k
Qo= Est ARGl Y & ol4rAl, 2008).

2) dAE Y g 284

7EFS R (TAM)2 71 ARgel tig 4

A7) Wl 7 8ol g A
0]

o,
oX }‘N‘
=N
RCAS
2
Ao
o)
o,
i
b
>

o
)
:Jd
ol
ol
Ir
o o
%
o

N
o
1o
)

U ARZ olojd & k= HellA, A AES 1L
He =49 7 JHEA & +E4, 2016).

|2 W2 A3 dAolA A" AL A 7oy stolHl A AlF
8 21 A 21531 Yl Featherman and Pavlou
(2003)= AAF AH] = & AgeA AdxE §3e] A" F&HREY

-
B odZ WS dFsigon, dndow AXH 9lde] ¥

L
% ﬁ 1
O
_\7:‘
o
1o
2
ol

1o
-
r mlo 5
=)
rlr
oi\
o
ot
g
0,
o
b
-0,

A3t FES TSP FH I (ISO 10218—-1, 2011).

X
[e) ol
olglgt ¢1zt—= 3 &= (Human—Robot Collaboration, HRC)& AALA 3F



FI A STt ARe AEskA, Sl Ak FE, o7t
o2 Qg kAL 5 AIAIA ¥ (Physical Risk)& #@A oz WE
239 o5 &rbed deom QT =

3ch(Villani et al., 2018). HE3F

25 A 8 5 A#A 913 (Psychological
Risk) = 23t} (Onnasch et al., 2016).
olggt A+ Ayt= A Algd fEE WES e 8 dATelA
AAE A78ES TAMY A39 Ad ®WigsE F718 deAds sd3s
webA 2 odAE s TAEY dEER

7] el A" SES A3 wiEsRE st

A3, A A,

D) Axd g9 7714 73

Zikmund and Scott(1973)% AH|A}F 5 AFoA Q1AH 3 (PR)N

He AAstetEA, v AL AlFoly VeS AU w 7= Ade

[} 2-15]9F #o] 771A] fdo = FESIG=d o] °|% TAM, DOI,

TOE & &g 7= A7 o274 7]gt

&2, 2016). Lyt 774H] f1ge] BE Fdsl V= B9
o .

AN AAH= AL oy, A FEER AAH= AlH

8 gl weh AXEE 99 FPo] weAn, B 27
SAll A A S Aeld 9ol b ABHoz AXHE u
A

= W
o, AFA 99, A A T2 Vel dAR *dEHe F

)

Ir
2
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7] @Al A FASE T (Im et al., 2008).
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o ial R w o : of E7u, ¥4 vl 9}(ROD

2~ ol I~ T e
(Financial Risk) T Ae =3A =4 A9 o] 1S 2 gl Bo K
3. A7k 919 7l B Ee AR el | deR AA, 24, aS Sl
(Tim(:lzisk)n A AIZE o] A 4= gl | el R B Abe] &28E
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S A& o ol AlxA
soang gy | E AEeR 9 SAN ) geeyo qun g oy
(Physical Risk) R e P ETE T g kA S kel A
A= AF.

5. Ale)d 913 NEe AREFe A i9le

. = o 9 =
(Psychological #rer, ZH\P”L’_ /‘f‘j/]x"q' f}xéﬁ' M2 23 7]% ARgol dig F
Risk) o #44 S = F A= | Hw, 71Ee dF B 5

® ki)

6. 2122 94 71 AR&ol ARE A Hateoly | Ry AAE 23 ARSS HA
(Social Risk) T Hrbe] ¥AA Qe | How Ul AY ¥ #EF9
oetal S IR S Ao o F gk 2.
7NSNISA A9 | Y Nes degomy v | Gocr I e & T

. > = AEg = U =< 3
(Qpportumty Cost % Heks 3 F Sdvke | J T o 0103;%]1 DES}E
RlSk) ‘CHE—] = ve T ooammESNl= T =

. Bel

=2 Zikmund & Scott(1973). Ax HH
2) AAA-A2 A Sl 24 2EE ol
B ApdAE HERRe

j s j s
oy a
A 213 (physical risk)? A& 4 $138 (psychological risk)ell =

ATk 1 ol §t the T 2.
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[} =
gkol AA AR ks mx &= gQlez HiuEH(Lee, 2009).
gl AHgAE 1A% B 2

1 2
AAANA A B, A FAR, FHoR AF ARGL =2 %
=z ]
-1

oz, Zlwel Witk HMAZR] HEE FAs

HhA A5 99, AFA AF, 2134 A8, AHEE 98, 713118 9
3 5 UHA 98 FIHELS 7]E0] HAAR =] &35 AUt o
By &9-gF dANA FASE He= A7 Bo(Im et al., 2008).
= A EAU b8 A, A &4 A A U 52 7S HAANE
5k o] T o Bl WEE] AAH= Y 4R, B AFAHY 7] 8 9
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4. TOES} TAMS] E3

~
o,
rfu

N

Nl Jst 0 UTAUTSF ®)al

H 78 AFdAE $3/7EF8o|E(UTAUT: Unified Theory
of Acceptance and Use of Technology)S 483 A7} S7Fstal Qe

U, B A= ﬁfi%ii =9 9w B4 E2A4 UTAUT tiAl TOE =

.

A At 7SR (TAM) Y] TFEIS dgsiditt. 1 of+= §
TR =Slo] JHQIe JAAA HIhet A8k A aQle]l FAlol A&-st
= 534 &1l Vs 5SS 7HR7] "ot (Hameed & Arachchilage,
2016)

UTAUT= 7l 85 A¥ste ZEs s3=Folxwt, 1 4 4
2458 TAM 9 TOES WsEd MdAor F5HE 73'6&01 SINCALR
A Raeba g

& @A 9N A =i 5’\_7] 1A=l Weta Fis]
AlEe  Adth(Bagozzi, 2007). FAIAS= UTAUTS “Ayrid
(performance  expectancy)'+= TAMES ‘XzZt¥®l 84 (perceived
usefulness)’ ¥ 7/NdHoz2 sdshy, ‘=8 7|d(effort expectancy) &
‘21 2+E 8ol A (perceived ease of use)'d AHA oz ¢ HAtrl I
‘AF3] A od & (social influence)’ = A=A ¢he @ o f o AAR FF

5 TOE®] #7293 §4H8 7%5¢ Arh(4a4l, 2019),

ot

HbA UTAUTY ‘&% Z7 (facilitating conditions)'2 7] o] ojn] =¢]
Fo] & -AAE = A (post—adoption) THANA 2 on7p B3ty =
Hez JAez2 iy Zo] 7] 14 9 w9 oArAA dAld e 7Es

A3t dole= A8 A7 =A%t (Venkatesh et al. 2003). ©]g]
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5 7% =9 A7 (Wang et al, 2016)o1A AFAoz AFH vk 3
o

53] PR 7S Y-S 2R I okd s glo] Aty wd
s Y FA Egdoz #HYstE 7)< (Human—Robot

Collaboration)©] =2 (ISO 10218—-1, 2011), AF&A}el Al AlA 2 <ok $-
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[ 4-5] 7% &4
xF
Name N Y | T45k | Haw | Hu# = x
A}

T—-RA-1 273 4.026 4 2 5 0.551 1.850 —0.383
T—-RA-2 273 3.850 4 2 5 0.665 0.514 —-0.421
T—-RA-3 273 4.125 4 2 5 0.634 1.177 —0.542
T—-RA—-4 273 4.011 4 2 5 0.708 0.451 —-0.513
T—-RA-5 273 3.941 4 2 5 0.671 0.583 —0.442
T—-SA-1 273 3.630 4 2 5 0.645 [ —0.055 —0.206
T—SA-2 273 3.641 4 2 5 0.698 | —0.077 —-0.221
T—-SA-3 273 3.249 3 2 5 0.714 | —0.195 0.140
T—-SA—4 273 3.495 4 1 5 0.752 1.335 —0.892
T—-SA-5 273 3.462 4 1 5 0.726 0.294 —0.385
0-TS-1 273 2.315 2 1 5 0.947 | —0.190 0.503
0-TS-2 273 2.509 2 1 5 1.028 | —0.666 0.342
0-TS-3 273 2.443 2 1 5 1.0561 | —0.850 0.294
0-TS—4 273 2.769 3 1 5 1.049 | —0.933 —0.139
O0-TS-5 273 2.868 3 1 5 1.061 —0.840 —0.160
E-GS-1 273 2.421 2 1 5 0.931 —0.649 0.327
E-GS—-2 273 3.370 4 1 5 0.889 0.122 —0.641
E-GS-3 273 2.949 3 1 5 0.778 | —0.115 —0.333
E-GS—4 273 3.245 3 1 5 0.781 0.214 —0.647
E-GS-5 273 3.538 4 1 5 0.779 0.443 —0.572
E-LS-1 273 3.623 4 1 5 0.890 [ —0.291 —0.375
E-LS-2 273 3.531 4 1 5 0.914 | —0.371 —0.382
E-LS-3 273 3.659 4 1 5 0.900 [ —0.216 —0.515
E-1LS—4 273 3.381 3 1 5 0.961 [ —0.475 —0.205
E-LS-5 273 3.703 4 1 5 0.858 0.233 —0.542
PEOU-1 273 3.212 3 1 5 0.755 | —0.459 —0.272
PEOU-2 273 3.227 3 1 5 0.877 | —0.794 —0.100
PEOU-3 273 3.491 4 1 5 0.761 —0.098 —0.395
PEOU—4 273 3.392 3 1 5 0.796 | —0.423 —0.299
PEOU-5 273 2.978 3 1 5 0.881 [ —0.899 0.075
PU-1 273 3.766 4 2 5 0.584 0.805 —0.576
PU-2 273 3.762 4 2 5 0.725 0.329 —0.529
PU-3 273 3.755 4 2 5 0.642 0.788 —0.641
PU—-4 273 3.795 4 2 5 0.613 0.801 —-0.521
PU-5 273 3.509 4 1 5 0.761 0.207 —0.407
PR—1 273 3.231 3 1 5 0.946 [ —0.582 —0.163
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PR—2 273 | 2938 3 1 5 0.881 | —0.410 | —0.007
PR-3 273 | 3172 | 3 1 5 0.912 | —0.427 | —0.085
PR—4 273 | 3564 | 4 1 5 0.837 | —0.299 | —0.317
PR—5 273 | 3.835 | 4 2 5 0.760 | 0.308 | —0.570
Al-1 273 | 3418 | 4 1 5 0.865 | 0.043 | —0.614
AI-2 273 | 3322 | 3 1 5 0.880 | —0.006 | —0.646
AI-3 273 | 3315 | 3 1 5 0.871 | 0.038 | —0.659
Al—4 273 | 3.440 | 4 1 5 0.850 | 0.252 | —0.548
AI-5 273 | 3.231 | 3 1 5 0.848 | 0.013 | —0.388
A3 A FAH 29 H7} (Measurement Model Evaluation)

[ 4-6] AFE 2 = gUd e

. . Average

- Cronbach's Corpp(?s‘lte COITID(?S.Ite variance

T alpha reliability reliability S|

(rho_a) (rho_c) (AVE)
A o4 0.741 0.770 0.837 0.565
oFH A 0.828 0.843 0.878 0.591
Ha A AY 0.856 0.935 0.911 0.774
A5 24 0.767 0.815 0.843 0.576
vEE = 0.864 0.925 0.899 0.642
8014 0.814 0.845 0.878 0.644
84 0.782 0.790 0.859 0.603
1384 0.721 0.830 0.814 0.598
w9 o= 0.875 0.894 0.909 0.667
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0.657 0.432
0.814 0.663
0.694 0.482
0.735 0.540
0.740 0.548
0.804 0.646
0.684 0.468
0.814 0.663
0.796 0.634
0.760 0.578
0.805 0.648
3 < 0.834 0.696
0.913 0.834
0.872 0.760
0.352 0.124
0.780 0.608
0.638 0.407
0.781 0.610
0.833 0.694
0.862 0.743
0.749 0.561
0.749 0.561
0.770 0.593
0.871 0.759
0.803 0.645
0.823 0.677
0.848 0.719
0.848 0.719
0.613 0.376
0.743 0.552
0.741 0.549
A E F84 0.816 0.741
0.784 0.615
0.751 0.564
0.578 0.334
0.856 0.732
0.780 0.608
0.524 0.275
0.405 0.164
0.717 0.514
0.855 0.731
T o 0.860 0.740
0.799 0.638
0.844 0.712
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sk ol
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A, 3=zF A 2] (Cross—Loadings)

o] o=d A Wl ¥ A

o 7
A 5]

o

al

A
=4, Fornell & Larcker 7]

|

o

o] o] F A A%k (Outer Loading)7t a3 748 7Hdel s tf

al., 2022; Fornell & Larcker, 1981).
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0.9 vk wj #H g =v})
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B4 A, Q% GEAN NEge Zakeh wx Aa @il FH1H]
Q¥ T A 2 NEA B2 AbsAe] AVIEA 53 Y129 A
e QA o=

2
A o] H(T-RA)'e] T-RA-3(0.412) il Q

< AAE Bo] F o 7k hdA Aol e e, e ok
(T-SA)'9] T-SA-1(0.333)3 T-SA-2(0.351)2 ‘A5 o]
(T-RA)' ¥ wztso] 74 AAo Roido] glx At

Tk ‘Ha APz AHL(0-TS)'e] 0-TS—-4(0.335), O—TS—-5(0.375)
= AE AYME-GS) g]lel], vtz “BE AHL(E-GS)'¢ E-GS-1&

o,

k)

Bej eolurt ‘Hu AR AN(0-TS) L9 o FatA A e,
2 Y5 2 R 2 2 3 d EAUE =¥ Rh

L
1A &4 (PEOU)’' 9] PEOU-3(0.397)¥ PEOU-4(0.366)% ‘21~
g FE8APU)I & B¥s Ko 5 Q1A 29 3 "AHE ddde] v
Eitow, AAH F&A4(PU)Y IHELS v vE 74 Jidel 0.3
F e Asks 2ol
[-5(0.433)+ ‘Hi A4 A

lo,
2
)
Ll
(22
&
N
)
o
o
T
Ao
e
! <l

H
ToE(Al) Q919 AI-4(0.459)%}

D>

A(0-TS) @ % AA(E-GS) 29134 FHo| FatA w@= vt
W, AAE AFPR) TA ARG RE S FEe 0.0 vue] we
WA AAEE vl e T4 A 9 PREE 2o W g9E
2 gkl
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24 Fuol EAsh), AwAoRE 7 74 Ayl Wad FAF PR
e §A48 Aow Brhdr
[¥F 4-8] 1z} A A
= i
an | M| any 334 A0 | S | e | wes | aws| 5¥

T—RA-1 0.763 0.243 0.124 0.294 0.087 0.217 0.359 —0.064 0.185
T—RA-2 0.657 0.260 0.038 0.167 0.123 0.083 0.281 —0.035 0.170
T—RA-3 0.814 0.238 0.062 0.242 0.083 0.210 0.412 -0.115 0.181
T—RA—4 0.694 0.211 0.050 0.118 —0.082 0.194 0.288 —0.059 0.057
T—RA-5 0.735 0.292 0.128 0.187 -0.017 0.201 0.324 —0.068 0.159
T—-SA-1 0.333 0.740 0.033 0.168 0.058 0.175 0.308 —0.198 0.161
T—SA-2 0.351 0.804 —-0.071 0.226 0.057 0.165 0.324 -0.171 0.179
T—SA-3 0.143 0.684 0.140 0.095 —=0.080 0.167 0.098 —-0.204 0.149
T—SA-4 0.215 0.814 0.060 0.158 0.021 0.259 0.279 —0.234 0.221
T—SA-5 0.227 0.796 0.103 0.111 0.033 0.249 0.232 —0.285 0.250
0-TS-1 0.046 —-0.004 0.760 0.240 —=0.065 0.055 0.072 0.028 0.293
0-TS—-2 0.056 0.010 0.805 0.272 —=0.050 0.013 0.068 0.011 0.347
0—-TS-3 0.045 0.033 0.834 0.292 —=0.079 0.039 0.134 0.083 0.348
0-TS—4 0.147 0.102 0.913 0.335 —=0.040 0.054 0.228 -0.001 0.512
0-TS—-5 0.108 0.053 0.872 0.375 —=0.059 0.091 0.179 —-0.022 0.444
E-GS-1 —0.044 0.018 0.427 0.352 0.025 0.103 0.013 0.132 0.158
E-GS-2 0.272 0.199 0.294 0.780 0.124 0.077 0.331 —-0.147 0.352
E—-GS-3 0.086 0.133 0.260 0.638 0.024 0.079 0.132 0.029 0.168
E-GS—-4 0.138 0.107 0.269 0.781 0.088 0.106 0.246 0.032 0.239
E-GS-5 0.296 0.165 0.282 0.833 0.115 0.106 0.379 —0.046 0.266
E-LS-1 0.091 0.078 —0.042 0.187 0.862 0.027 0.219 0.001 0.159
E-LS-2 0.039 0.043 —0.145 0.042 0.749 —=0.004 0.141 —0.022 0.016
E-LS-3 0.037 —-0.008 —-0.112 0.033 0.749 0.009 0.155 0.083 0.011
E-LS—-4 —-0.071 0.008 —0.057 0.040 0.770 —-0.007 0.097 —0.025 0.175
E-LS-5 0.053 —=0.001 0.023 0.130 0.871 0.049 0.251 —-0.018 0.187
POEU-1 0.234 0.237 0.055 0.120 0.017 0.803 0.235 -0.131 0.084
POEU-2 0.202 0.184 0.006 0.033 —-0.039 0.823 0.248 —0.092 0.040
POEU-3 0.262 0.255 0.092 0.149 0.023 0.848 0.397 —0.088 0.136
POEU-4 0.202 0.209 0.028 0.157 0.096 0.848 0.366 —0.155 0.071
POEU-5 0.049 0.159 0.084 —-0.037 —=0.020 0.613 0.159 —-0.031 0.127
PU-1 0.369 0.297 0.080 0.330 0.197 0.392 0.743 —0.093 0.203
PU-2 0.357 0.181 0.076 0.302 0.169 0.204 0.741 —0.037 0.246
PU-3 0.336 0.272 0.119 0.273 0.242 0.275 0.816 -0.111 0.352
PU-4 0.326 0.253 0.124 0.226 0.215 0.265 0.784 —0.073 0.319
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PU-5 0.370 0.265 0.290 0.322 0.090 0.285 0.751 —0.080 0.532
PR-1 0.096 —0.067 0.024 —=0.009 —0.056 —0.080 0.029 0.578 —0.005
PR-2 —0.149 —=0.300 0.043 —=0.069 —0.053 —0.104 —0.161 0.856 —0.103
PR-3 —0.035 —0.195 0.023 0.003 0.015 —0.068 0.015 0.780 —0.070
PR—4 —0.046 —0.119 —0.079 —0.063 0.126 —0.121 —0.093 0.524 | —0.067
PR-5 0.078 —0.038 —0.019 0.074 0.149 —0.162 0.051 0.405 0.055
Al-1 0.180 0.241 0.354 0.188 0.118 0.066 0.277 —0.063 0.717
Al-2 0.203 0.228 0.383 0.345 0.166 0.111 0.436 —0.107 0.855
AI-3 0.143 0.211 0.390 0.287 0.072 0.057 0.372 —0.109 0.860
Al-4 0.089 0.166 0.459 0.286 0.091 0.058 0.283 —0.082 0.799
AI-5 0.212 0.194 0.433 0.433 0.301 0.165 0.403 —0.048 0.844

3
v A
(outer loading)7} WAY, ©& F4  Jidel oigk wzak AHA)
(cross—loading)7} =& 749, T L& AASE= Zo] X <
I AFEE =ol= d Ewo] ®H(Hulland, 1999). ool & AFtol|A+=
olg]gt UA e mel F 8/ 54 HEE AT
WA, 7)Ee AE oM (T-RA-5)'& el 74 7id <o ‘x4
S8 A (PU) Y 0.324% Wz} A=l AE =Eo] Folxgr) ‘Hu
A AAO-TS—-1, 0-TS—-2)2 7}7} 0.240, 0.272 FFo 2 AR x
AE-GS)" &3 wxp AAjeo], W-25 A o<1 3+ AA7F BEstSl
th AR AY(E-GS—-1)L g 22 oisk Axlzgte] 0.3522 i,
L I AW ALO-TS) o] 0.4272 ©] =4 AA=H M3 g
FAho] Aod Ao AGHJT. ©g RIA® & (PEOU-3)'
0.848¢] =& AAZkS Hou, Uxd F&4(PU)'H 0.3979 =&
83 3 &5 Tl ATIHATE AAH
2 FHk~0.3te] nat 4AE Ho] &
& Adlstih wiA oz QlxE 9@ (PR—4,
PR—5)'2 alid fclel digk AAjgte] Z+zt 0.524, 0.405%= 7]5(0.6)¢l
st A g tigAde] B oz YE
olaﬁd EAE Fguol AAS Bl [F 4-9]4 AAE FAE 5A

-
e 7 A el WA duas S BRES ol FAld, 29l



32 A
rﬂ
e
u}
ot
ki
i

FEANA AT AuAdt e A

24 A%

A

Ok

ke

#8%4

A4

=9
51

T—-RA-1

0.805

T—-RA-2

0.638

T—-RA-3

0.848

T—RA—-4

0.696

T—-SA-1

0.739

T—-SA-2

0.806

T—SA-3

0.676

T—SA-4

0.816

T—SA-5

0.797

0-TS-3

0.772

0-TS—-4

0.946

0-TS-5

0.911

E-GS-2

0.783

E-GS-3

0.611

E-GS—4

0.777

E-GS-5

0.845

E-LS-1

0.861

E-LS-2

0.754

E-LS-3

0.746

E-LS-4

0.764

E-LS-5

0.872

PEOU-1

0.834

PEOU-2

0.836

PEOU—-4

0.862

PEOU-5

0.663

PU-1

0.755

PU-2

0.763

PU-3

0.811

PU-5

0.776

PR-1

0.605

PR-2

0.884

PR-3

0.805

Al-1

0.715
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Al-2 0.853
AI-3 0.862
Al-4 0.802
AI-5 0.843

L}, Fornell & Larcker 7)<

Fornell and Larcker (1981)7} A A8t 7] wa} 4 1@ 7+ 3+
Bl =5 AU, o] WS 72 A g e HEASFE(AVE) a9
Aol Y 74 Ay v A4 id 1 AR =& 4

[ 4-10]e1A AA| Aol m2W, BE 74 Jide] oz @
(AVE®] Al<) 0.752~0.8809] Hel= vebdt 2k 44 7id 1+ g
At 2% =7 YeEsth o8 9, ‘&9 9%(0.817)'E o2 WP
S99 AT (0.145~0.446) Bt wkom, A 0] (0.752) '3
8400.777), ‘A A7 A€(0.880) G| ztzte] FAAFES 436
of ¥i BRLErt gRYISS AT F vk =3 Ve kHA
(0.769)", “€°]4(0.803)", “$18(0.774)", “AF #(0.759), ‘=5 ¥
=(0.801)" & BT T4 MolA A AdFeo] G SdTh

ojglgt Ait= 7 A WgUt ME YA om SA4E%eH, 44 i

=

7 g FHol EAEHA S oJv|sttt. wEbA Fornell & Larcker
[e)

.

7l upgl B Ao HH R¥ge TR I EldEE FHE Jlow
ek o),
[ 4—10] Fornell & Larcker
ce | =E | =Y | gy | gon | aws | pes | 2T | 29
Tlez | g | qa | WA E Aa | TEF

=%3 | 0801

T

=9

9% 0.145 0.817

Ao A 0.071 0.197 0.752
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o4

A4 0.033 | 0.254 | 0.312| 0.769

ol 0.026 | 0.095| 0.210 | 0.248 | 0.803

#1494 | —0.036 | —0.098 | —0.099 | —0.287 | —0.113 | 0.774

&4 0.221 | 0.446 | 0.454 | 0.332 | 0.326 | —=0.098 | 0.777

B

Z];]: 0.129 | 0.349 | 0.289 | 0.202 | 0.096 | —0.058 | 0.406 | 0.759

HAx
B4z | —0.061 | 0.505| 0.107 | 0.076 | 0.055| 0.030 | 0.219| 0.366| 0.880
A4

F7F4d o2 HTMT (Heterotrait-Monotrait) Bl &S [3 4-11]3 Zo]
2bEste]l I Bl =g A &8kl tH(Henseler et al., 2016). HTMT %t
o] 0.85 olstol™ ¥ EFL=rl FrRE Fow IHF HW, 0.90 o]sed
Ao = ALl Ftst AF s =8 7 o FrhEd

[¥ 4-11] HTMT 7|+

7o |5 53 | AT ann | san | aws | e | 30 294
A

Ve

ag | 0172

}iﬂf 0.147 | 0.242

A 0.080 | 0.294 | 0.398

k] 0.069 | 0.125| 0.261 | 0.296

4384 0.086 | 0.116 | 0.163 | 0.296 | 0.137

84 0.254 | 0.505| 0.587 | 0.391| 0.385| 0.138

0.135| 0.401 | 0.332 | 0.245| 0.146 | 0.137| 0.470

729z | 0.116 | 0.575| 0.125| 0.135| 0.075| 0.070| 0.241 | 0.451
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T4 d 2 HTMT kol 0.6~0.7 <9 ol x3s}
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)

2y A HTMT 7|
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S

i

o}
M-
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7} A A

Al 44d FFR 289 HI} (Structural Model Evaluation)

3 gl R oF ATy

1

—_—

o)
O

0
Alr
]|
ﬁo
o)
mmd

Nd

min

of FAFa %X 4=(Variance Inflation

E3l, gukr oz VIF glo] 5 nyle]H thE 3ol

3k

—_
fife)

t}(Rigdon et al. 2017; A1AA, 2018). thSo 2 #A

(path coefficient)e] =7]9}

4—-113 2ol FE2~EF (bootstrapping) 7]
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| A1 &kt (Henseler et al., 2016).
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o
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0 00
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A ol 9] VIF(1.175~1.184), §o]4 9]
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Sh-8-5 of 9L‘jr(Patnawakuni et al.,

2=
AAS

o] 4 SmartPLS 4.0 AF&3te] 7| wWEo|
AAS B AFRF AT g
WA 2 8 (Structural Equation Model:

, 37K i, 1R S5

ST

2018). W2l Algel SAA Folds AAS] 218l
2022). SmartPLS9l

o] & HEXEF]

rU

#1°3 (Bootstrapping) Ax}E &8} (Hair et al.,
= 712" o7 5000709 AR
AFst, o= 719 F ARAAE AFE v FE3 okl

— 1

¥ 80ld

0.200%*=

2R El

A Z(sub—sample) &

RE )

7|Hko 2

o

Gt gH
SEM)<
T ol FEFES m|=
HHBAE AU FEH A S 719 PLS-SEM2
A2 Y (CB-SEM) Y} @8 A&7 AFEEs
P EA ko, BaA WRle] 7wk 328 ALgEA| o

H] 5L

23] 5000709 HB MZS

7}

}9}4 2 AT ARy 2 24 Ave ne
) 4-2]sk 2ol byt

R% =0.084

£84

Hewg |2

' 4" .. Rk
."' Q0. ek
0.011
-0.287%
=/ \ emE | ;
&

#p<0.05, *¥p<0.01, ***p<<0.001
[1%) 4—2] AA(SEM) 23e] &A Az}
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Fob vz 3] T A A

H
A 7]
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=
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ABSTRACT

A Study on the Factors Affecting the Acceptance of
Collaborative Robots for Smart Manufacturing of
Small and Medium—sized Enterprises

Yang, Seung—Hun

Major in Smart Factory Consulting
Dept. of Smart conversion Consulting
The Graduate School

Hansung University

The global manufacturing industry is facing structural changes
caused by the rapid advancement of artificial intelligence (AI) and the
decline in the working—age population, resulting in severe labor shortages.
In this environment, collaborative robots (Cobots) have emerged as a core
technology of the Fourth Industrial Revolution, enhancing productivity
and safety through human-robot collaboration. In particular, small and
medium—sized manufacturing enterprises (SMEs) in Korea struggle with
limited technological infrastructure and human resources, making
automation adoption difficult. For these firms, collaborative robots are
recognized as a practical solution to simultaneously address labor

shortages and productivity challenges.
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This study empirically analyzes the factors influencing SMEs’ intention to
adopt collaborative robots by integrating the organizational—level
Technology-Organization-Environment (TOE) framework with the
individual—level Technology Acceptance Model (TAM), and by
incorporating Perceived Risk (PR) as an additional variable. This
integration explains that adopting collaborative robots is not merely a
technological decision but a complex process in which organizational

context and individual perception interact.

The TOE framework includes technological factors (relative advantage
and safety), an organizational factor (top management support), and
environmental factors (government support and labor shortage). The
mediating variables from TAM consist of perceived usefulness (PU),
perceived ease of use (PEOU), and perceived risk (PR). Using SmartPLS,
a structural equation modeling analysis was conducted, and the following

key relationships were identified.

First, among the technological factors, relative advantage had a
significant positive effect on perceived usefulness, indicating that the belief
in improved productivity and efficiency through cobots strengthens
adoption intention. Safety influenced both perceived ease of use and
perceived risk, showing that higher safety perceptions reduce user burden
and risk awareness, thereby increasing adoption intention through

mediation paths.

Second, the organizational factor, top management support, positively
affected both perceived usefulness and ease of use. Strong leadership and
clear internal decision—making amplified technology acceptance beliefs,

indirectly enhancing adoption intention.
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Third, the environmental factors, government support and labor
shortage, positively influenced adoption intention through perceived
usefulness. Government programs reduced financial burdens associated
with technology adoption, while labor shortages increased recognition of

automation needs, both acting as external drivers for adoption.

Fourth, perceived usefulness exerted the strongest direct effect on
adoption intention, while perceived ease of use influenced it indirectly
through usefulness. Conversely, perceived risk negatively affected adoption
intention, underscoring that ensuring safety and reliability is a prerequisite

for widespread adoption.

These findings demonstrate that adopting collaborative robots is not only
a matter of technological efficiency but also a socio—technical acceptance
process involving the interaction of organizational strategies and user
perceptions. By empirically validating the TOE-TAM-PR integrated
model, this study provides both theoretical and policy contributions to

understanding SMEs’ adoption mechanisms of collaborative robots.

Practically, the study highlights four essential conditions for successful
adoption:
(D Establishing verification systems that internalize technological
usefulness and safety,
@ Securing strategic leadership and organizational readiness,
@ Utilizing financial and training support from government programs,
and
@ Strengthening reliability—based safety management systems to mitigate

risk perception.
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These insights offer an empirical foundation for developing future smart
manufacturing transition strategies and collaborative robot dissemination

policies.

[Key words] Smart Manufacturing, Collaborative Robots, Small and
Medium—sized Manufacturing Enterprises (SMEs), Technology-
Organization-Environment (TOE), Technology Acceptance Model
(TAM), Perceived Risk, Safety, Labor Shortage
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