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ABSTRACT

This study started with questioning the fact that in the assessmentof technology, which has taken place every two years since 2010, the
technology gap in the most technologically advanced countries was evaluated as 4-5 years in each evaluation. To interrogate this
question, regression estimation was performed using the Gompertz model based on time series data for technology level evaluation.
As a result, it would take 17 years for high-speed rail vehicle technology to reach the level of 95 % of the country with the highest
technology, and 72 years to reach the level of 100 %. Recognizing the technology gap is important in establishing a technology catchup
strategy. A collaborative technology catchup strategy is the best strategy for moving to an original technology development stage while
competing with large global leaders without much domestic market demand. This can occur regardless of where Korea is located in the
technology catchup stage.
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APdelA ghme S22 A=) o Qlrk = 973t 7o)
2z AlES WA= A=) Aer1dst 717849 7]
EH7IA] 2k Z522CRRC (China Railway Rolling Stock
Corporation Limited): F=ro] Ax=x}a84F 71491 S=rE-219)
FHEE FHete] SHAI A FHdle] A 9)
A FelA =] HAlEF 719 22 =SR] Fof Qlvke
Aotk oF S5 sl AR Ak FHERAA, vhsh,
AT e AT RS FIt Ta7IHe] 71edal
9 =7} A A3kE @88 502 e FEAANS dies
AHAAI(H 197 F47199] SePdds 2dd 5408 74
| P AANE TS5l AdskaL Sick AlA| APdellx] 34
She 719¢] FE3E ks - dish Gk AdskaL, o)
Gt TATIHE ds Bk 7IEHY IS TEs e Aelvt
(Kim, 2013).

gae] olfgh 7lEdsl AL VErE Bl 712 FaL
olFozItk ARE & ERlge] V|eTS 20149 FHa Ve
H{=r ojE] 76,701 7123} 7IRES 44d0 2 Hgkor) 2016\
o= 7|&g20] 79.901H 7|&AXE 522 B 9tk 20144
ZlerE W & u, 20160l HAL Ve BASS AEst
T FAT Ao st 5 JARE 201619] Ve ARk 52d
o2 238 ¢ sojvar JITHKRRI, 2015; KRRI, 2018).

ofFA| o s HIF =R & Stk olefgh 7k
25 AAE A=t 7/ PR S 53 T dSskaL, A=
7IeE FA8P] $18l oW 7l ko] gk A& ARt

st
2. FH0| &MY JlesZ It

KISTEP(3718l/ 147185719 e kst Ahdiie] 4sp]

& o) s AAIE @ RS nlEe g Ve S A3
Flaslar FEaP] Ik ks =S Al 5 2
3171 913k AT B e 55 TR she A4
&S WrKsAL AAfskaL Qlck

TleErEolRt ko] BHO R F= TFss duht 2 lshs
Ve VeESe} VERTR TR FHgHos veRd A
(Martino, 1993)”0]1L, Schmookler(1966)%= “xk] A2k} &
| 7la A14e] 54 4R s, Solow(1957)2 “A4je] 52 AJwr}
ofel FaL, AL, Falel| olo] 7 Aite EH 0= AMSheE
Serolglar Aeolska YriKim, 2010).

KISTEPS] 7] B7hdhe 7 HEs Ev= sl
Utk KISTEPS: H#rte] AslE F3et dujo] 7H(ves
&8k A4 ] shus, o] dirte] oS wHEols
RO, wekskal, WAAA nE d5shs H)S Bekste]
7lze] Wist Heks 7hrE o 2 aotslal, SRR 7ls o]
o= A= A ZRINE 7 PIRES B3l ISl AUk oleet
Wi o 2 KISTEP(2011)0] 4+ & dexeks ol A,
il VRS 10002 P Ae- gk 7 2008
70.3, 20108 74.9, 71%221= 2008 8.7, 2010 3.7d0 =
rFska glek wgk KRRI(2015; 2018)7F & Hwxteko] ik
71ErEdt 7IeAakE ke A= thy Table 13 Zth

KRRI(2015; 2018)7} W78} m&=dwxlake] 7|&432e 2014
W 76.7 %olaL il 7keR-fmate] 7| AR 44dolek il
201639] 7|42 79.9 %o)1l 7|&AxR= 52W0 2 Q3]
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AEFEA ] 319 AlXElE B, 2| Bl A AJg
20149 76.2 %4 2016 83.8 %2 71g B FFo2

07 Bk, Als Al2Ee 20143 78 %o)A]

o

T

LA A

Table 1. High-Speed Rail Vehicle Technology Level Evaluation Results from Korea Railroad Research Institute

Division Highest Technology 2014 2016
Country Technology Level (%)| Gap (year) |Technology Level (%)| Gap (year)
Rail Vehicle 76.7 44 79.9 5.2
System France 76.8 4.5 81.8 44
Car Body & Outfitting Japan 76.2 4.1 83.8 4.1
Sub System Driving Germany 76.5 43 81.3 5.0
Brake Germany 78.0 4.0 75.0 5.0
Propulsion Germany 77.5 4.0 77.9 6.0

Source: KRRI(2015). “430km/h class high-speed train driving test research final report.” Korea Agency for Infrastructure Technology Advancement

in Ministry of Land, Infrastructure and Transport, p. 549.

KRRI(2018). “Detailed analysis of railway transportation technology level and establishment of R&D promotion strategy research final
report.” Korea Agency for Infrastructure Technology Advancement in Ministry of Land, Infrastructure and Transport, p. 124.

132 KSCE Journal of Civil and Environmental Engineering Research



o
oflt
N

=

20161 75 %= 28] 7]egEe] v "okl AR ks
ATk

off o] A} Ugk=rR? 54 71l tisk 71t R E S
EEshs WA “sY 7l i 7 vl e Ee
TP A s, dapol7 e B3l 4 54 dwe] dlo]
], 7Hg 20087} 20130l 43 7| 9 7 hdas 7]
& 7N/l =12 curve fitting)sh= WHS A3}
I QJrkE Holtk & Ve vadPds S78ES 27) AR eA
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Table 2. High-Speed Rail Vehicle Technology Level Evaluation Data against Regression Estimation Data (2010-2016)

Year Evaluation Data Regression Estimation Data
Level (A) Adjusted Level (Y) Target (L) In(L/Y) In(In(L/Y)) =y y(-1)
2010 68.3 68.3 0.3813 -0.96427 0.964273
2011 71.0 0.3421 -1.07275 1.072746
2012 80.0 73.8 0.3044 -1.18957 1.189565
2013 76.5 76.5 100 0.2679 -1.31722 1.317218
2014 76.7 76.7 0.2653 -1.32701 1.327013
2015 783 0.2446 -1.40804 1.408039
2016 79.9 79.9 0.2244 -1.49435 1.49435
Table 3. High-Speed Rail Vehicle Technology Level Evaluation Data (2010-2016)
Non-standardized Coefficient Standardized Coefficient
Model t P-Value
B Standard Error Beta
(Constant) -171.165 13.557 -12.626 .000
Year .086 .007 985 12.718 .000
R’ 970
R%adj 964
F 161.747
Z, t5 SHETE, - n(n(L/Y))E SSHSE 3t 3957 Table 4. Each Variable Value of the Gompertz Model
(Y=fxehat & off g1&5e] mpolx] tha &0 Wi ks 53] Variable — Valu
A7 e BF1elet sla, duka o= xo} yof 2lF14jolx g Constant x (-1) 171165
Senlgl xe] o elzl ghe TEIae o F2ms yol P o @) 167555474
*e Fske WS ATl fhshd, HE Al « - 086
(DE w3 gho] fo] F7dgke] Hat, SRS o] 71277} agko] L - 100

k. o] W In(B) = B A5APY, B = o] AelA B Fhe
G F A Fok

o3t Zo] Gompertz H&e] 3G 2E Ak 1 thEol
£ Martino2] Al WA AAE A2E HE3] vkgs)jor shoh=
Z79 Y7¥8le] Gompertz 235 71A|aL 3|9 Fg38kaLz} gtk

A, AEEEARF] Tiere] tigk AAE Akselth KRRI
£ 2010195E 20161704 A @92 usd Tl digh
ZlerEs R gk Ve s WK AAIE Ase el
Table 204 “2A] 7|&H7=(A) 9} 2ot

B AFME A52] missing valueE APE 3 $dw
3] Hetgke 2 WA g dis, & 20114, 2013y, 18]
201549 A2E BASIYA, 20129 7]&5<F 80.0& 1 o]%
dwo] 7jedre] Ams WAl 7k e 7R8I outlier
Fsle] HAEIGI) o)9) o] AEE HASle] Gompertz 37
ZA20 2 WEkst A= Table 29 3#FA W3k gt 2ok

&R e tiEk 71 AEE B2 Gompertz
3o ot 317 34 A, Table 33} o] 7l (V) W=()
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Table 5. Comparison of Technology Level Evaluation Values and Estimated Values

Year Real Evaluation Data Estimated Value
Technology Level (A) Target Technology Level Estimated (B) Gap (A-B)

2010 68.3 69.1 0.83
2011 71.0 71.3 0.22
2012 73.8 73.3 -0.5
2013 76.5 100 752 -1.34
2014 76.7 76.9 0.24
2015 78.3 78.6 0.32
2016 79.9 80.2 0.28

Table 6. Estimation of Reaching Time and Technology Gap of the Country with the Highest Technology of High Speed Rail Vehicle

Real Evaluation (2016)

The Level of the Country with the Highest Technology

Division Technology Level Gap Point of Arrival (90 %) | Point of Arrival (95 %) | Point of Arrival (100 %)
(%) (Year) Year Gap Year Gap Year Gap
High-Speed Rail Vehicle 79.9 5.2 2025 9 2033 17 2088 72
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Fig. 2. Graph of High-Speed Rail Vehicle Technology Level and
Regression Estimation
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F24% S, Telx olg Stket A7) Bstasis)F 24
(lockin) EV3ko = ololITk Zolck o] HEle: S} Ae)
S Qs Tkl Slrks o] Haolck 2 o 37
o1&t A=A whd(critical juncture)o] A]7]¢] A2 A7} A
Ha1, 7 o) % Fj=w wiyhUFoRA w1 wmwo) 53HA1E
=g Fa AgETRE Aelth

A g AEHEARE o] X V|ems A8 weld
7] S e F4d| ofsf k= 713]e] S oE 83t
Zcl7be] Bz A=Ak Lee and Malerba2017)%= 718)¢] <
712 718, 8.9 713, il ZAZ 7138 Vel vk

A, 714 7138)9] (technological window)S 7142 ©hz
(technological discontinuity)ol|x] ¥H&)E A28 7142 g
o] S i, A= 7 A2gE AFEhEA 5]
3F4(capability trap)ol] WEx|A| Ea, S3UF2= Al&s1] Al 22
7l EUER o]FE ¢ Qitk L AR Vi Edlsd] R85 R
A A2 7131E A= U= Zoth(Perez and Soete, 1988).
22 ICTo] ofgh 2wfe 148, fadle T4, AV
R N R EENE IS FE
vleh 7 lE 2018 Aslska Qo dnjsrle 18
G RIEIE) S8 B0l weh 4 7] 9 o) e
SItke Mol 714 Flsle] ol FEBaL gleka Bk

A, AP a0lk1e] 7128)e] Fdemand window)o]tfMathews,
2005). BA71Ee e Vet asEwikhigh speed rail) =
ALE 2l ivhs Ao FEsjjof vkl =zt 3671=0]
A 28 91 AEHE =Ao] F 49,145 Kmo]aL, 14 <1
=418 16,825 KmolH, 52157l 714 offge] =Xo] 12,183 Kmodll
ettt 2 ouR] Azkadt aRdelx] B AFsRke] 4wy,
H|g7]¢] oulf A offfA] E&Zo]gk= 3] o]ti(Nunno, 2018).
CREth us el AP W 35 52 % AdEste] 202910
1490915 APgo] d Z o2 oS3tar gtk APellx 2] 7]3]<]
e ] gyl vk Aotk

Al HRl= A2 7]38]9] Z(institutional window)o|tHPark
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Fig. 3. The Three Stages of Technology Catchup
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3l FEHoR UL IAE APk, olE TR =Y
DEATAHKTX)S /st Al $2 A7 713 o)zt
S Slvk Tefar i B3t ARl Aldo s SRRl ARl
A1) - ke Tl 7 Aot gk Zlo] offet vk
— 33} Ve — B 7)ol |(technology life
cycle)” koA Fasirk= Hork.

JeRd ofefgh 713]e] S oA L83 ZRIVE hEER A
o] 7L 7|%ZAH|(catch-up process)d] W} 713]e] &
e Sl e A= At e o RS e e et o) B A L v e
Fig. 33} 7o) 7|&z=HehA|(Technology Imitation) — SAFEgtehA)|
(Integrated Innovation) — Y317 ]&7HA|(Original Innovation)
2 239 ZAo]tiHuang et al., 2021).

ZleR e A% = AEHE A 7les =Ykl
WAlsksls TR o] A o] Ao FQ3rh
o] A9 T dAE0 wiE FERT ASEEARE 7]
& =90Ek o8 BEUiR ey adelet 3 4 gle KTXAH
AL g AT ofel] FFEE VR AldME F7k]
7R B3l 7R 7131 AEshe Yol Tl Fasith
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TEHCATF AL 7)Ao 2 B3 AJ2E] AlQlo]a, Aol
= T2 Tl $J) male) et Aje] Ealer]
o} ShHsisit: 71e] Bahaeh Behado] Zx i) F4)
7F Hash, APelrle tid 719E} sl oF sk Aotk

ZEFAHAE 7IETA - S - A7
AR 72w, =2 Jleg el sle Ae= wdkd
o} o= wAld] Sl =l APt e WA AL sele] oiY
=71 BAAshEA A7IsiERAIR o]fslr] fleiM=

(collaboration) S 53+ 7]&524 o]

o= A=
1 T

e 59 7163 AL Adeks U] Qo) 4 BrAse
g 5 ;

237 (business ecosystem)7} A& 0 2 AJAakE 4= 9]
TE 159 A2 core competence)S 7RI AE 7)o
= ol

(contribution)& 4= lofof Fhck A A8, 719) & BE
ARt FEs BEUR A8t 7l deks sk Aesks

Zeo] HiLe] 71e54 o)t ket

B e REAEAE 71Ee o afe] 71eEE] A
ule} BEdgith= 2 slel] 2L 7leRf=3te] 7|EAAkE o5
3HL, 71 o SATE TRk 2 Ve KRS AARIcE et
Hlefe]l 1 g1k Ve g vhEAl G180 R T)sEAret
At 3R] eherh, TElar A2 Vi) SR uaHeA
ARellA 7]dglo] o FolRinhd, FHal VRG] 7)E
ZR= el ol ofg 7ko = gk Ve ek gk defrof
Fitk whehr] B IS EARE Vsl oigk FAel 71 Al
wet 2 g2 7]eAR) 53t 9] wE 7)e52 ek
gk A77F dad Aol
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