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A Study on the Critical Success Factors of Off-Site Construction

through Keyword Frequency Analysis
- A Literature Review of Overseas Research -
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Abstract : To promote the off-site construction (OSC) in Korea, technical innovation applied to each phase, such as design,
engineering, factory production, and site assembly, is important and equally necessary is the development of management and
operation methods that are different from existing construction production methods. However, the current OSC-related studies
in Korea are conducted from the technical development viewpoints, such as construction methods. Additionally, few studies
have been conducted to derive a management measure for successful OSC projects. Therefore, studies to derive a management
measure based on a clear understanding of the core success factors of OSC projects are required. This study aims to analyze
several studies related to the success factors of OSC projects conducted overseas and to show its core implications for the
successful management of OSC projects in Korea. We expect this study to improve the viability of OSC projects, which will be

expanded in Korea in the future.
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0SC= 1900LEth A1AF AIAHE B A|2A MAHE o]
= thko] FE] BAIY S QIS TRt 2 R EHA 24
Fog T QOM, 20008 0% Al7]|E, ZHAL 5§
g Edl AR=E AR HAH @1 QJrH=E7AEE
ARG, 2015). =9 AL 0SC AIF #1271 ¢F 42589
(20169 71%), B]=9] 0OSC Al Tt = OF 5552 (20161
71%)0F F4IE]A1 QUOH(RYS 2019), Sl - B - &
Z - gd - QulA - F B9 thsh Ad TEAEof 0SC
7h st A8 al Utk o]t FAIE 1HdE o
2030E7HR] R} = A% B4t AJollA] 0SC7t AR
Sh= AIE 7kRlE 11,3009 € ol&olgtal FE5 a1 Ut
(7RIA, 2020).
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HHAE] 0SC7} PC (Precast Concrete) 2, 25}
9] HEoR =LY ARGl om, 2016 1%
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St 57t QT
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2.1 OSC (Off-Site Construction)

OSCE AF=9] FAPZL ofd 3& 59| daolx Ag,
AL ZHE A5E FAIE dgez 246lo] dx] B Al

Johes WA O 3T BEEE Milste A% dWAlg 56t
CHOHSEAZESES], 2020). Ol = J&oIA BAE it 2 &
25k= YA 4= (Prefabricated Construction), 2¢is}
A=(Industrialized Construction), F&t] A= (Modular
Construction), TYs} 1= (Panelized Construction) £
QANE S B T85H= o2 AFEEIC]

aflQ] 0SCol JAHE AHHEME, 0SC W9 A 58
1800t ASFE 7229 Y7 S [AIE ARo] A&}sHo]
oM Y - AXIoh= AIAEO] EYEHA] AR AT
1184 QITh 11 %, 19183 1A} Al A o]F e "
O] 7} Algst Brl2 B45 0, sH3y) g4 AHR)
O] RESIA0] LIEFH O met O] adstalA} 5h= THee.
2 BATHA &8%]7] AR ICHE7RISE A LAH3],
2015). 71 = 20000 O] AlV]& L AISH i 58 &
o AR=E S O02 AL 041 QIrh

G20 A 1940t WEHY FE) EAIRI0] Aete
2 0SC7t 24702 egy]y] A&t 2, 11 AREO] FR}
SHE|O] A7 OF 423 §9) AIEHEE gdatal AUTE E
Sh Hj=2 950 A E7t0] mE FE BES o] thet
siaz oz Felo] tzkAHMass Production) i A&
S AIFOR 20118 71FE OF 6801 A 7F AlZE 0] AA F
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5~T%7t OSCE &all AL a1 Qom, 11 A& e oF
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HHRE 0SC7} PC 38, st A5 &9 /HEoR =yl
ALt A} =Uoll= PCE B4 OE OHIE AolrAts &
OSC Alo] ZHE| 31 QUOLE PC ATE 715 FA ALDZA
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ZQ91(Critical Success Factors)
olgtal SHEHEIRIZ @], 2011). Ol2fst siAldE2R01e 1
HES| Adzg gHsl| ¢
Hef =&, T2AE AAE Q]
H (Key Performance Index) 7§
H AFoAl= 0SC ZZAEQ)
7] QIato] 718 AFtolA] siddZQeloletal ¥
Qo= SiAGZ QR0 RAISE HEOZ AREE= A @

Q1(Constraint Factors), #2] Q91(Project Management &
o5k QOl(Influence Factors), A QQ1
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Control Factors),
(Failure Factors), &0l Q91 (Barriers and Enabling Factors),
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oAl BEXfE MARGH, iAo 2 26t =8 W AX|5}
= Z=@A] AZ(Prefabricated Construction), 23} A
Z(Industrialized Construction), 28 A= Modular
Construction), I'E3} 715 (Panelized Construction) S
FALNEE B Edoks HEOR ARESIRITE E6t ;—H
AEER0E TENE 23} Aujjo] Q8 geks 1)
A= 2oz golsto] AMloF 20l (Constraint Factors),
2] Q91(Project Management & Control Factors), &
gk QOl(Influence factors), ALl (Failure Factors),
2ol Q Q1 (Barriers and Enabling Factors), @A
(Recommendation), A=F(Strategy) 52 SA1H=2Q011} 7
ARt HE O 2 S8l
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Fig. 1. Annual publications trend on CSFs for OSC
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Table 1. Classification of success factors for OSC by subject area

no. Groups n > avr
A Adequatlg quular de5|gn code, s 60 12
specification, regulations
B | Performance masurement & management 3 17 5.67
c Adequate experience and knowledge of key s 7 a4
players
D Experienced workfo‘r;e and technical 8 78 9.75
capability
E Coordlpatlon of design, manufacture, 8 81 1013
delivery, and assembly process
F Project Management Capability 24 187 7.79
G | Communication and information sharing 4 76 19
H Effective supply chain 6 60 10
| Policy and infrastructure 5 25 5
sum 69 637 9.37

*n = the number of success factors
**Y = total frequency
**xavr = total frequency / the number of success factors
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( A A 71E, BAEM B 3 89

1© JE
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ATEE AA 7%, dAEA 2 3 89] B &
A5t 5719 §3QQIog FHLEH, 15 W & HlkeS 60
A, B ULl 12402 2 IR0 AdRog &
QE7} =& IFOILh 0] OFe ok 4329 & 7t
A o] AFE HAEQIe ‘A5 A4 BFEs W e 7
sV 2 5 208 AFERACE The o2 2ol AgE 43Q01
£ AL AATA(EH HAIZA)S] "2 & 168 A
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Table 2. (A) Adequate modular design code, specification, regulations

no. Success Factors F
Al Robust drawing & specification 16
A2 Early design freeze 10
A3 Well-developed regulations & design code 9
A4 Timely owner's approval 5
design standardization and more effective use on the concept
A5 "~ 20
of repetition

*F = frequency
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BIES M1t 58 9 #2|9F #Est 3749 83991
2 7EEH, I8 W S HesE 177, B HlesE 567
AOE T IFRI AH O R A AFErt o] 1
UolA] 7k £Q%H Q012 “B2. AIAIEQl A1t & W
O] FAFE” D “B3, B Al WIR|mEA oI, ZH2t A
AFE AL,

J

1= 0

Table 3. (B) Performance masurement & management

no. Success Factors F
B1 Adequate performance management systems 3
B2 Systematic performance measuring and re-use of experiences 7
B3 Benchmarking of best practices 7

*F = frequency

@) C. 7 FoIxk=9 a4
CAE2 9 FHolx=a Zgat XA At 5749

A1} KA

FQelox P, IF W & Hleas 534, g e
T 106102 BHHD ot 22 #39] 5571 4
ZL= FOITE o] TIF WollAl 71 £Q3H Q012 “C2.
0SC B& MARHZFANC] e 9 XA & 1549] Hlte
2 AFHIQACE TS “Cl AR 2 XL o] AE YU K]
AP0l Z¥ZH 11 AFE 0] I8 W £Q QIOFE AJHER]
Ch

Table 4. (C) Adequate experience and knowledge of key players

5t 0SC (Off-Site Construction) ZEMEQ| M2 Q0| TA- 312011 24 NAS A0 -

QRI0E FHuH, OF W & HlesE 787, ot vl
= 975002 Bt Qg U =30 Q571 XY
= TIFOIth o] Z1F oAl 71 Q¢ Q912 Dl ¢
58707 2370 HIEE AFEQICE 0] Q01 9ol
A AFSH HEGE Zo] 3 Q91 A ATt ol A = 249 59
£=9lo] E0jd AEE £Q38 Q0lot) 11 Hof "t vl
£ A5lakE QOIOR “Dh. 0SC TARE 24 7]e9] s
(147, ‘D7.EHE W WS (ex. FAAR] 18 5)"(1174)0]
DIFOA E8 QOI0F Al drH

Op

Table 5. (D) Experienced workforce and technical capability

no. Success Factors F
D1 Availability of skilled labor 23
D2 Capability of technical supervisor

D3 The maturity of techniques used in design phase 6
D4 The maturity of manufacture technology & facility 4
D5 The maturity of transportation method of prefabricated 14

components
D6 The maturity of on-site assembly technology & equipment 9
Training and Education (ex.Training the Skilled Workforce for
D7 . h 1
Site Installation)
D8 Module envelope limitations 6

*F = frequency

(6) E. A, A&, 24 28 TZAA0] X5}

EOIES A7, Ax, 28 &Y ZT2AA0] 1ot I
St 8709] HFQelog Y, OF W & HiesE 81
A, B3R HESE 101102 HH4E9 5QE7 43y
= IEOIT} o] 1 WolA 7k 5Qst Q12 “E8. 12
A E JF7to] 2% sialZoIAEe] FHo"O2 26719 Bl
2 OFEQICE 0] 8912 ETIF WolM & 71 53 Q91
OJXIEh 3291 AA| Fct QA= 718 EQct Qo=
Zhdst O Qok= QQIOITh F3h ‘Bl J& AYat ¢
ARATIO] 2281 (1570), “E2. 0SC +E5E ZIAF L A&
Rro] AATHA Fol"(11A) 0% £Q Q010 AIHE|QIr},

Table 6. (E) Coordination of design, manufacture, delivery, and

assembly process
no. Success Factors F
1 | Adequate relevant experience and knowledge of designer& |, 0o Success Factors F
engineer E1 Effective coordination of on-site and off-site trades 15
C2 |Adequate relevant experience and knowledge of manufacturer| 15 E2 Early involvement of modules suppliers and fabricators 1
C3 | Adequate relevant experience and knowledge of contractor 10 E3 Involvement of contractors during the design stage 9
ca Adequate relevant experience and knowledge of project 7 £4 Involvement of the designer during the production and 5
manager construction stage
c5 Early advice from experts and specialists 10 E5 Intensive early research on modularization 9
+F = frequency E6 Intensive early commitment from owners 5
E7 O&M provision 4
(4) D. 5\7‘?_4_%] 9_133 ;-4 7 ]% Qﬂ‘:ét Es Appreciation of key early decision and their implication between %
= all parties involved
DIEe sHE o 3 Ve o} Hesh 8719 &2 £

*F = frequency
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Table 7. (F) Project Management Capability

7 G AFRUA OIS H FH ZR

lej—: ZFUA A X HH R FEsio] 4719] A
QQ10% YL, 1FE 7ok 43R0 k9
to 76A, Bt YL 19708 10 OF & AlthA

EQE7 M w2 JFO0ICL 0] TS +5k= 409
HEQO = 3719 2 QQI(GL. FOIRIZE AFLA 0| 2
HAHZR0 g84 / G3. A W BAl 7|&9 g8 Al
©l,BIM) / G4. & FoAI] o] HF R FA
th QoA 219 109100 & A2 AThE EQ%7) =
2 T1FoICh

ol Oli]

oo

Table 8. (G) Communication and information sharing

no. Success Factors F
Effective communication and information sharing among
G1 - 26
participants
G2 Adequate decision support systems 8
Effective use of information and communication technology
G3 24
(e.g.BIM)
G4 Good working collaboration 18

*F = frequency

no. Success Factors F Sad Y9 41 THs6H0 6719 438
F1 Design processes management method 4 olog FLATH, j_%—% TASH=s Q0] HIE4R0] g
F2 Manufacture process management method 9 604 %LE- ]3_]5 07-1 oz uﬂ-ﬁ- ZEJ = 9_57} 701-_75_
F3 Assembly process management method 6 «
= o : S 18Itk o] oI A1 25 HBa0IS
pace availability planning _
ook 1 HERER W 22070 §88 2E70lT
F5 Owner delay avoidance 5 j‘o F( ﬂ_L: SA=h=] ﬂ): ] SLES AT }(1 }
012 H] =1 E—- AL = A
F6 Lead time & transport delay planning 8 H2Q012 LET 1774 ]'Oj 4_9 A ﬂ S T] 9
F7 Overall schedule mangement capability 25 ‘r] Oﬂ Emé} @Eﬁ /é]' EH@ §9E7 } PAZS E]% 9_]0“:}. T
F8 Overall cost mangement capability 6 St “Hb. AE AEF 9 Aok AR 1} “Hl. EFe=0 &
F9 Realistic economic analysis 10 =) /\q "O] =0 9_ 0]O OF Al Al E] oq]:}
F10 Early completion and cost savings recognition 7
F11 Overall scope mangement capability 4 . A
— — Table 9. (H) Effective supply chain
F12 Preliminary module definition 5
F13 Clear and precise goals & project scope 3 no. Success Factors F
4 Early and precise deﬁnit_ion of project engineering scope, 8 H1 Effective control of logistic activities 12
plénnlng and budget — H2 Effective coordination of the supply chain segments 17
F15 Overall risk mangement capability 12 - - -
- Early involvement of top management in supply chain
F16 Risk Management strategy 4 H3 decision-making 10
F17 Management of execution risks 1" Ha Close Relationship with Suppliers 3
F18 Overall stakeholder management capability 18 H5 Suitable procurement strategy and contracting 15
F19 Effective coordination and management of stakeholders 3 " Sufficiency of manufacturers and suppliers of prefabricated ;
Effective stakeholder management starting with clearly components
F20 ) Lo . 10
defined goals and priorities of all involved stakeholders +F = frequency
F21 ‘top-down’” commitment and corporate motivation 5
F22 Overall Quality management technique and method 5 9L 75171—] 1;'_4 Q_]EE}
F23 Overall safety management technique and method 6 I:L%% g = [l ]_‘—J_E]_Q]_ 3}348}04 57H O] d MEgolog
F24 Environmentally friendly methods 4

*F = frequency

18 s=aumeise] =27 H22@ 1S 20214 12

HI=40] S 254,
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Table 10. (1) Policy and infrastructure

no. Success Factors F

1 Persistent policies and incentives 7

12 Sustainability request by the local government 4

13 Availability of local transport infrastructure 6

u Difficulty to obtain planning permission by the local )
government

15 Industry marketing strategy 7

*F = frequency
4. FHYE AN

4.1 4A 21E, HAEM Y 2 e Mg ate

0SC ZZHEQ| M) A-H S O}
2 & ohhes =2 A HIE0|tHHwang et al,, 2018). 04
2] GLAPEOSC 2R E ZH|7} =0 = S8 ol 5
SR W =59] AA #53H AIA skl QUCHBarlow et
al,, 2003; O'Connor et al,, 2015). 0SC ZZHEO] A TF
Sh= Aighe 4 HEQ] HHEAQ Ag S SXFO=M, I
= Q0] g8s FUAIE 5 At HE0] BESHEH &
Aot Mg, AH & Z-o] Ofsto] the A%, =s] HEs},
At ZH9] AFset 7FsaA1 7] tiROICHWuni & Shen,
2019). M, AojAl= Aste HE9] AFRRS Z2HE 4
A9 trFE e Kalle7het Aedstal JAAT BESHE BE
2 TIFst 810] 7hsstEE TZAE HAof U= Thekst
e APESke T2HEE Mg 4= QITh= o]Fo] ATt
(Richard, 2006).

ShH, OSC Z2A|E 2] Ate flaiils A HEs
HIXJSHoF SHt, O] 0SC TR A EHTL ofL]z}, LEPE Q]
AE ZE2HENAE SAIEE HFQQI0IAH, 57 U
SAH] AZho] WZFsk 0SC TRAEA]] A HEL
20| ZRQA| 0IAZICE 0]E QI5IA] Gibb and Isack (2001),

ok

991 TE- 527 BHDHS FHOE -

Choi (2014), Li & Li et al. (2018), Wuni & Shen (2019) &
O Ee e SE: =2 A EA9 i |l 7] &
A 8 (ealry design freeze)O] S5 AE0lRICE O]
= 0SC ZZAEY} AbAQl ZAEo] Hsh 2]=EFJO]
ZTH= & (Blismas et al, 2000S IHsIEEE AATA
ollA] Aetst A = HHEA] O] R0 0k SHEHWuni & Shen,
2019).

TS 2RSS 0SC AdAE RRIE 11E SiF 242 dat
ZARGIL 2 BlAdE op|g 4= UTHLI & Liet a
2018). 0]0f] Akagi et al. (2002)2} Wuni & Shen (2019)2 €
2|50l =0] AA HE 183AIE AA ESAIA A
HAOR QI 2|ATE UAAIAOF STl ERICH

o

Connor, 2014; Choai et al,, 2016; O'Connor et al,, 2014). =
ZHEQS HutE EMStOZ/ TZMES| 48 E A
SHOF Aalg o= Qo Al (Best Practice)
oto] 01 HIXnAg O/ TE2AEO] HE I7| SFat
A2 4= Q7] mE0lCHHwang et al, 2018; Murtaza et al,,
1993). 0]0]] Choi (2014)Q} Wong et al. (2018)2 HT} AA
A0l Hute] =8 W I E Q6to] Juf ] AlAHS H

Sallof IThal YT

4.3 39 HOXIS2| Fat X|4

Li et al. (2018)2 OSC ZZAEOA 71 £Q3% Q4=
ARl At KAoletal BRI AR AE
AAl2 2R E AFRE STAE7IA L2 E Hujo]
S J8ks njx|=0|(Chan et al, 2004), 71 0|9 4,180
Aot et Zo] Feloh A7 AAHES WAIsh,
=2 IZFE Z7] 9 QU Ado] gk njx]7| 2
CHHaller et al., 2015).
SHH, 0SC TZAEO] AR THAl= AEAXQ] S AAL
Alat 7bE & zJo]2 Q1A (Pan et al., 2008; Jailon & Poon,
2009)%] 11 RLOTH, o]0 0SC F& AAALS] At KA &=
St 2 Q38 4ZQ0loz HFE] 11 UL} 0SC 22 A|
ZRte] KA Agle FAl B3 24ot7] fsh Aat Al
glg dlg o £Q% 1EHQAE A5 11 ATHKo, 2010),
T35t 2hdE 0SC & A 9 51 W-olA Zed &4
0] T} HPAGHA E=0](Wu, 2014), O3 &AM T K]
At AEo] ZEsE AIAA] Olsh ofdkE 4= QUUHL et al,
2018).
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34y REe

AR B 0SC 5 AR Qo B AR B 5
S Sgiohe AR U TRAEC) kY PejE
= e Pejxlo) AE AA 5 ZRAE)

e NAEE At #elE Qatal AUt

g QS HWarszawski, 1999). 0SCE A4 AH¥9] Vs QI
20| BE1 75 59 Aot ZAIE sidat7] floi =¥
Houz & Z49 71E iAo Higl =2 F
9] 7] 7H 918 0SC &S flsh 244501 @4
BZETHKamar et al,, 2009; Pan et al,, 2008). O]
et al. (2009), Tanoon et al. (2003) 2] ATAIES & QI
9] 7|z 4% g QlalA] 0SC 729 AR &3t
4 WS Sof BESH 7|5 ¥ E SHalo) o
TRACE.

NE Z2A A0 A 8% = 7|y &8 JH]
= 0SC - g3o] "4Foltt 53], 0SC ++4
o] §xL7t EQ8 ZQlo= AL
=2 31 dF 7ol 3 2Hke A
JHIET ofL]el, SEoILE §7 oA 9] o]
s H A5 gt Ve @ BHIZIR] 285t 25 Ve 3
ZH|9] E8A] AMHlo] E87FsEe HESIH Z2HE of
A 18 GH= 0] £ Q361 HChoi 2014; Choi & O’Connor,
2014; O'Connor et al., 2014).
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0SC 2R EE= gUR oz A A%, 2l £ 22
RAZ FHEE0] QIOLY, TEA|A 7HO] R57t 1 23
EICHHaas & Fangerlund, 2002; Li, 2006; Vrijhoef et al,,
2002; Lessing, 2006). 0]} #H5H0] 71E £Q8H 4&E R
A2 "Z=AE Ft7tol A7 SiAFoAE] FoJ"olT.
0SC ZEAEofA] AR & AR, 0SC F& RZLR}
(FFAD, ASAPE Z2HE Ht7to] Fofsto] §Y e of
H HOF 98401 0SC Z2HE 2|7t 7hsoftt. dA
Aol 0SC F& FAAF B AIZAPL FojalH ARl EE9
A SHE R0l thel 2]lATE AREo] BAIE 4= ATk
(Pan et al,, 2008; Kamar et al., 2009; Lau, 2011; Mydin et
al, 2015). =5, 0SC F& A B AIRIL0]7} 0SC £E9
NE H RETAo] FojolH A9 -1 B EgQsh
AAHEE okt 4= QUCHNadim & Goulding, 2011).

O]9} L SIHFOIRZS] S|AQ1 Fojet 2 weto]
A THOR Q% 43Q0le “Ia A} o7 &t

20 stzzsmess =28 M2 1S 2021912

9] Za}"olt}. JFoIA A4 0SC RES JHOR ols

O
A7 ZH= 0SC AL BrAJoI A AEIOL MALE A% 2
g S A

ZE/AIE A0 OIFOKER, S8 At
o] 28 B gy M SQsi

B ATk

TZAE Gut 25, He] Ao} A, fEst T2HE A
AL HE S flol ARl st g5 Alglu dFo]
Z Q61 HHaas & Fangerlund, 2002). 0SC ZZAEQ| &
Aot dHAE fIst HHOoE AEF XH ] 2 25
R thal] =8 S0] AIAIE 2L ATHChol. 2014; Choi & O
Connor, 2014; Choi et al,, 2016; O'Connor et al., 2014).

SHH, OSCof| Fojoh= ThFst FolAt 2 17 7o) 88
0l OAtE W OJArEE S Aot ] Qlal Ol 2AIRE
2] Aglg gok= A Tt Q0. o, olHAR;
tl= ZRHE ZV7|HARYH Qo S3E o0 AlEy]
0JoF SHF(Azhar et al,, 2013; Li, Xue et al, 2018). T=5F, &
At glAd FEE Sl 0SC TEAE Z} AIE TAHEE
2l 7Hs ot 2l AT E AMSlof| AEs10] O] ofdistr] fIst
Hiot mj0] QHEICH

‘.‘

‘.4

47 HRLZOIA Y HE 37

QoA AT HiQF Zo] 0SC TRAEE On-site A1
1t Off-site AH0] Helwo] o A, M=, &5, &H
S9| AR ZZ=A 20 met Crekel £20] Fojstal QUCt
weta] 0SC Z2HEQ] §8%0]11 FZ55Q1 28 Il
A= On-site@} Off-site?r] EH AL (Hjort et al,, 2014)
o} CRekst 7] |l FHojRke e840 o e 3 Y
0] ZxECHHaas & Fagerlund, 2002). £3], 0SC ZZAE
= ZV|HARE 229 Ax 2 25, 3F I H AIGES
H5 Esh] thiZo Z2HE J thAo] 4 EE Fo
At Atole] EbEQl ARUAOIE B X IR AEe +
Z3H= Z0] SR HTam et al., 2007; Ismail et al,, 2012;
Choi, 2014).

o] sRiE2 8501 ARUA AL §H ZRE X
A3517] Y18 RFID (Radio Frequency Identification) &2
BIM (Building Information Modeling)} 2 AHEA17]
=g &0t SITtal SFATHWuni et al, 2020; Wuni &
Shen, 2019; Yunus et al,, 2017; Kamar, 2010). 0248t Ak



Al 7159 gL FHojrre
TS Kk i opLjet AAIRE RsiAle HUEE
SHA| 8HEE(Zhong et al, 2017) Z2AEQ] 22

o HIE A+ 5~ ATHPan et al,, 2008).
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A ALE(Wuni & Shen, 2019; Ismail et al,, 2012;
Kamar et al, 2009)01A1% 53] SQ% 3QQ010% &F
5|4l AT O]9t TS LE2 Tt LTt
A, 0SC 359 FE7te] §2591 gt st
oIt} 0SC 2R EQ] Zgdole A, ARV, AZ,
25, A, 98 £H SO7 75 Tt R250] £
Tlo] RO, 0|52 &TOEXQ] HAE RIUICE Wil
BHEO Adst Zgg Safl tlAdE ARl odish=

o
gal

aTTE=
0] =Q5HHLI et al, 2017; Hwang et al,, 2018). ojof] 2t
BEN At R J7 2 HoHd L ES flal & 0]
HTARS] A8 Rgstal, A e|lATE &7 A=
of ESIA]7]E= AEFo| & QEITHRentschler et al, 2016). T}
207 EFE=9 gedi At WEoth sFgdE2
S BE il A8 JFOZ0 HE 25 JF W B2
Ols & 0SC ZZ2HEQ] = ZFoA S EQ¢t dgts
oIt teta AAst ERgs dele A HEE 7ts
StAl otH, Hat 2 Ax) H189] &7 21t Bl T,
A Bl B gol =gES & Z10|CHIsmail et al, 2012).
gt ERdgs H2lE Q6 ICTV]

SN

=1,
=g gadofsith=
OJALE AL} Demiralp et al. (2012), Ergen et al. (2007)2

RFID7|&E 018t PC Y89 HEs 8 g Ze
RIOFSE7 | & SIALT.
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2} OAFEA IPHOIA AERIR ZER A=

|

2730} Eol Ismail et al. (2012)= Z24)
AS B ERE fdcto] oiEHY Y S|
HQFSIACY. 5HH, Rentschler et al. (2016)= 0SC =&
o I FHIT Z7H=E0] 2Fol HHA JS AP 4
49| 0SC HE ARYAE Hdch= 1Y Ak 8o &
Q&I BRI E8E T 0SC ZRAEQ] A30] 0SC
HE RMAYAC] 5ol ZA ftEe AH6H =, olof
Wuni & Shen (2019)= 0SC 72 AZAYA| AFA] IA =
ZHE i}, AlE o5 Aol M9 52 AEs| alfahor
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L} o2} st £ MEZ Q901 & shh= AR “KI&

Z01 F& W OlME|F 0]C}, 0]9F TG0 Li & Li et al.
(2018)2 N2 7|E&0] A&l EQE= Al7jol & Aok
ARE= QIKEIHT} Q= MZS 7IEHT} 7|89 A5t 7]
=& MEsiths A& XA o, 3RAMHOA M2 7E
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HIZIAIA O] AL 0SColl thet ARZ0] =rh= AE e
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SHH, “AtRIAC) miAY &g
AMEEQIC) O]9 THIEL0] Ismail et al. (2012)2 OSC A4t
HrAo] thE oA BIOFE01E 4= QU= SlH 7| AR
A THAE Mgk S8t 4369l E3],
FE2 0SC7I8He] AL obdd Wl 4o thal
01 QIS ZHK]aL Q=T oSt HEA QAg FFF o=
HHE7] @18t ARMR9] FM2F 4=30] QPEITHBlismas &
Wakefield, 2009).
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